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EHHA.'l'A. 

" J . . " " J . ,, Page 344, line 8, for Jr A, read 27r A. 
fl fl 

Page 348, line 5, after '' 17,'' insert "generally." 
Page 34K, linen, after the word "zero," insert "wherever f.x: is an od1l multiple of 900." 
I' age ::ms, liue H, for "the wave-form travels," read "two wave forms t1·avel." 
Page :~58, line 15, delete "twice during." 
Page 3fi7, immediately preceding expression (128), delete period. 
l'age 4:W, third lirw from lmttom, for "altitmlrn-l,'' read "latitudes." 
I 'age ,J;H, footnote, for " I( 2," rPa<l "K 1." 
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THE SECRETARY OF THE TREASURY, 
'l'l!ANS!ll:l'l'TING 

Tile report of the Superintendent of tlte United States Coast and Geodetic Survey, stating progress 
made in that work during the fiscal year ending J1tne 30, 1897. 

TREASURY DEPARTMENT, 0FFIOE OF THE SECRET.A.RY, 

Washington, D. C., December 10, 1897. 
Srn: In compliance with the requirements of section 4690, Revised Statutes, I have the honor 

to transmit herewith, for the information of Oongress, the Report of the Superintendent of the 
Coast and Geodetic Survey, showing the progress made in that work during the fiscal year ended 
June 30, 1897, and accompanied by maps illustrating the general advance in the operations of the 
Survey up to that d11.te. 

Respectfully yours, 

Tile VWE-PRESIDEN'.l' OI? '.l'HE UNI'fED ST.A.TES 

AND PRESIDENT OF THE SENA'.l'E, 

LYMAN ,J. GAGE, 

i.."?ecrctary. 
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LET~rER OF TRANSMJSSTON. 

UNI'.l'ED S'I'A'l'ES COAST AND GEODETIO SURVEY, 

Washinyton, D. C., December 8, 1897. 
Sm: In conformity with law and the regulations of the Treasury Department, I have the 

honor to submit herewith, for transmission to Congress, the Annual Ueport of my predecessor, 
Gen. W. W. Duffield, on the progress of the Coast and Geodetic Survey for the fiscal year ended 
.rune 30, 1897. 

Very respectfully, yours, 

Hon. LYMAN ,J. GAGE, 

Secretary <~f the Treasury. 

IlENltY 8. PIUTOIIET'.l', 

Supcrin tendent. 

v 



Blank page retained for pagination 



REPORT 01!' THE SUPERlNTENDEN~.r 

01" TUE 

-u. S. COAST AND GEODETIC SURVEY 

FOR THE FISCAJ ... YEAR ENDING JUNE 30, 1897. 

l::::N" T-W-0 F...A.RTS_ 

PARTS I AND II. 

PREFATORY NOTE. 

In this report of the fiscal year 1897 the division iut.o two parts has been retained, but both 
parts are published in one volume. 

Part I contains the hist.orical portion. It presents abstracts of progress iu field and office 
work, gives estimates for future work, and a statement of expenditures during the fiscal year. 

The usual maps and progress sketches, showing in detail the localities and scope of the field 
operations, accompany the report. 

Part II contains the Appendices which relate to the methods, discussions, and results of the 
Survey, with such illustrations as are required. 

The illustrations accompany the Appendices to which they respectively belong. 
VH 
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REPORT. 

PART I. 

INTRODUCTORY STA'.l'El\'IEN'l'. 

'l'he progress made by the Coast and Geodetic Survey during the fiscal year 18!l7 in the various 
branches of work committed to its care is duly set forth in this report, being briefly outlined i11 
this iJttroductory statement, in the general summary, and the statistical tables, an<l more fully 
exhibited in the abstracts of reports from field parties an<l in office reports. 

'l'he usual maps and sketches, showing graphically the pro'gl·ess of the Survey, aud the 
requisite illustrations, accompany the report, and will be found in their appropriate places. 

Field opemtion.~.-l'he field operations carried on dUI"ing· the year included the measurement 
of base lines; reconnaissance, triangulation; astronomical determinations of time, latitude, and 
azimuth; telegrapltic and chronometric determinations of longitude; topograpltical aud hydro­
gra11hical surveys and resurveys; tidal and current observations; determinations of magnetic 
declination, dip, and intensity; pendulum observations for determination of the force of gravity; 
geodetic and ordinary spirit leveling; Coast Pilot examinations; boundary-line surveys; special 
topographic and hydrographic examinations, including the investigation of reported dangers to 
navigation; the laying out and marking of naval speed-trial courses; and special surveys for other 
departments of the Government. 

About forty parties were engaged on the various brauclles of the work during the year, and 
rneir fields of operation embraced nearly all scctio118 of the country. Surveys or observations 
were conducted within the limits or on tlte coasts of l 9 States and Territories along the seaboard, 
and in U interior States and Territories. 

The operations of importance begun, continued, or completed duriug the year may be 
eumnerated as follows: Completion of the topographic and hydrographic resurvey of Buzzards 
Bay; continuation of hydrographic surveys and examinations on the coast of Massachusetts; 
surveys in Block Island Sound and off J\Iontauk Point; hyclrographic exami11ations in Marthas 
Vineyard and Nantucket sounds; topographic survey of Marthas Vineyard; topographic survey 
of' :N aushon Island; continuation of the topographic resurvey of the sout.liern shores of Long· 
!:>laud; connection of the lo11gitnde st:ttion at Montreal, Canada, with the primary triangulation 
of Vermont and New York; telegraphic longitude determinations at varions eastern points, a.nd 
connection of the longitude net of the United States with that of Europe, through Montreal, 
Canada; completion of the main triangulation eastward across the States of Maryland and 
De!aw are to Capes May and Henlopen; resurvey of Chesapeake Bay and its tributaries, triaugu­
lat10n, topography, and hydrography; latitude and magnetic determinations in the States of 
Deh~ware and Virginia; resurvey of Brunswick Bar, St. Simon Sound, Georgia; geodetic co11-
nect10u of the Atlantic and Gulf coast of Florida; hydrograpltic examination of the month of 
Savannah River, Georgia; Lldal observations at various points on the Atlantic, Gulf, and Pacifie 
coasts; .survey of Lake Pontchartrain, Louisiana, triangulation, topography, and hydrography; 
c~.mplet1on of the primary triangulation of the oblique arc in Alabama; precise leveling from 
v wksburg to Meridian, Miss.; coutiunation of toe determination of points in aid of State surveys; 
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continuation of the transcontinental triangulation, including the measnrement of verification 
bases in l\Iissouri, Kansas, a11d Utah; continuatiou of the trausconti11eutal line of precise levels 
in Kansas; reconnaissance in Nebraska and northern Kansas; magnetic determinatiom; in the 
Central and Northwestern States; magnetic determinatio11s in southern and western California; 
connection of the Los Angeles base line with the primary triangulation of Oalifornia; continuation 
of the topographic and hydrographic resurvey of San Francisco Bay and Harbor, with incidental 
triangulation; continuation of the triangulation awl topograplJy of Washington Sound; special 
examinations and investigations of reported dangers to uavigation at various points; continuation 
of hydrographic and general surveys in southeastern Alaska; chronometric determinations of 
longitudes in Alaska, with incidei1tal latitude and magnetic determinations; survey of the 
Pribilof Islands, Alaska; magnetic and gr:wity determinations at various points in British North 
Ameri<:a and Greenland; tidal and current observations at various points. 

Bequests from national or State authorities for special surveys or for the detail of' ofticers for 
special service ha Ye ueen complied with whenever practicable, in accordance with the uniform prac­
tice, and the following operations may be mentioned in this connection: Determination and marking 
of a uew position for the Nantucket South Shoal Light-ship, a.t the request of the Light-Douse 
Board; laying ont and marking of speed-trial courses in Chesapeake Bay and San Francisco Bay, 
at the request of the Navy Department; resurvey of Brunswick Bar, St. Simon Sound, Georgia, 
for the \Var Department, in accordance with tlw provisions of t!ie river a11d harbor act of Ju11e 3, 
18913; exaniinatio11 of a portion of the boundary between Spal'tanbnrg and Greenville counties, 
S. C., at the req nest of the county commissio11ers; 11ydrographic survey of the mouth of Brazos 
River, '.l.'exas, for the ascertainment of the eliaracter and value ol' the improvements made by the 
Brazos Hiver Channel and Dock Uompany, at the request of the board of engineers appointed 
hy the honorable Secretary of \Var in accordance with the provisions of tl1c river and harbor act 
of June 3, 18U6; hydrographic examination in the vicinity of the Port Orchar<l Naval Station, at 
the request of the Navy Department. 

Special assignments.-The assignments of two of the Assistants of the 8nrvey to special duty 
by appointment of the President have been continued, one as a member of the l\iississi ppi Hiver 
Oornmission and the other as member of the Iuternational Boundary Commission, organized for the 
survey and marking of that portion of the boundary liue between the Uuited States and l\lexieo to 
the westward of El Paso. The former assignment continued throughout the year and the latter until 
September, when the labors of the boundary commission were completed. Four other Assista11ts 
were also detailed for short periods on spt:cial duty, as follows: One as member of tile uoard uf 
engineers appointed to examine and report upon the improvements made at the mouth of tbe 
Brazos River; one as a member of the Santa l\1onica-San Pedro Deep \Vater Harbor Board; one 
to accompany the Greenland Exploring Expedition; and one to accompany Prof. H. G. Bryant's 
l\1ount St. Elias Exploring Expedition. Iu the last two cases all expenses, excepting tlJC salaries 
of the oflicers ·detailed, were paid by those having charge of tlie expeditions, I?ut copies or originals 
of all valuable records obtained have been Jiled in the archives of the Coast and Geodetic Survey. 
The magnetic and gravity observations made in various parts of British North America and 
Greenland by the Assistant who accompanied the Greenland Exploring Expedition will· prove of 
special value to this Survey. 

Office u·ork.-In the otlice a large amount of work bas been accomplishe<l in the reduction 
computation, and discussion of field observations, and in preparing for publication the charts of 
the Survey, the Coast Pilot, the annual Tide Tables, and the monthly Notices to Mariners. The 
Notices to Mariners, as usual, have been distrilmted gratuitously. The issue during the year of 
the above-named publjcations has been as follows: Oharts, 57 188; Coast Pilots, 1 284; Tide 
Tables, 6 796; Notices to Mariners, G 100. 

O.ffice of Standard Weights cwd 1llcasurcs.-The usual amount of work in testing, verifying, 
and standardizing weights and measures for departments of the Government, States, educational 
institutions, and private pa1'ties, has been accomplished, aud inform at ion has been promptly 
furnished to all applicants. For the work done for outside parties a nominal charge is made and 
the proceeds are covered into the Treasury. Some progress has been made also in the prepara­
tions for the construction and verification of ~Iectrical standards, but a point ltas now been 
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reached where a11 increase of the instrumental outfit is imperatively demaiuled. 'l'he annual 
appropriation of $500 for the purehase of materials and apparatus a11d for incidental expenses 
of the office is iuadequate, aud au earnest rPcommeiulation is made for its increase to 82 500. 
'l'his increase, as stated iu the Jetter accompanying the estimates for the fiscal year lSUH, is uot 
intended to be continuous, but to apply only for a single year to enable the office to procure 
instruments which are indispensable. · 

Arran{fc111cnt of thi.~ rcport.-The usual division of the report into two parts, one containing 
the historical matter a11d giving detailed accounts of the various field and office operations, the 
usual statistical tables, i;>ffice reports, a11d financial statements, and tLe other containing the 
scientific papers relatiug to methods, discussions, aud results, has been retained. 

'.rite contents of Part I are arranged on the following order: Introductory statement, iuclud­
ing brief notice of field and office work, special assignments, Office of Standard 'Veights and 
Measures, geographical classilication of localities of field work, and special operations; Ge11eral 
statement of progTess in field and office work; Estimates for the fiscal year 18!)9 in detail, and 
the explanations accompanying them; A hstracts of reports from field parties, including Easteru, 
.l\lid.dle, 'Vestern, aud Alaska divisions, and special operations; Abstract of otlice and suboffice 
annual reports; Snpplemen tary tables, viz, No. 1, Showing the distribution and personnel of field 
parties; No. ~, niviug statistics of field :rnd o111ee work; :No. 3, Giving list of information fur­
nished during the yt•ar in reply to official and personal calls; (>flke annnal reports, viz, No. I, 
lleport of the Assistant in Oharge of the Otlice, accmnpanie<l by reports of the various chief's of 
divisions; No. 2, Report of the hydrographic inspector; No.:~, Heport of the disbursing agent; 
No. 4, He port of the Assistant in Charge of the Office of Standard 'Vcights and l\leasun•s; List. 
of maps arnl progress sketches to illustrate the work, and the maps and sketches themselves a.t 
the end of the volume. 

Part II, containing the Appendices, or professional and scientific papers, follows in order, and 
a list of ti.tern will be found in the appropriate place. 'l'he illustrations are, for convenience, bound 
with the appendices to which they respectively belong. 

Oeogrnpltical class(/ication of localiti1w of .field work.-'I'he same gcopraphical classification 
adopted aml in use since 1891 has been retained in this report, viz: 

I. The Eastel'n Division, inclutli11g all States east of' the Mississippi Hiver. 
II. The l\Iitldle Division, comprising the States and Territories between the Mississippi Hiver 

and the H.ocky Mountains. 
lII. 'l'hc \Vesteru Division, embracing the States and Territories wm•t of the Rocky 

Mountains. 
IV. 'rhe Division of Alaska, includi11g Alaska, southeast Ala~ka, arnl the Aleutian and 

Pribilof islalllls. 
Special OJH'1"ations are grouped together under one heading without regard to the above 

classification, but are nevertheless described in geographical order. 
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GE:NERAL STATEMENT OF PROGRESS. 

FIELD WOH.K. 

EASTERN DIVISION.-Stlites ea.st of the .Missis8ippi River.-Within the limits or off the coasts 
of the States constituting the Eastern Division the following-named operations were begun, con­
tinued, or completed during the fiscal year 18!)7: Connection of Mount Hoyal, near Montreal, 
Canada, with the primary triangulation of Vermont and New York, begun; bydrographic sun·eys 
on the coast of :Massachusetts between Gloucester and Manchester, completed; hydrographic 
resurvey of Buzzards Bay, Massaclmsetts, continued; topographic resurvey of Buzzards Bay, 
Mm;sa.chusetts, completed; special bydrographic examinations and surveys in Nan tuck et and 
Vineyard sounds, and on the coast of H.hode Is!and, completed; topographic survey of Naushon 
Island, Massachusetts, completed; topographic survey of l\farthas Vineyard, Massachusetts, in 
progress; determination of the geographical positions of light-houses in Narragansett Bay and 
Providence Hiver, Hhode Isla11d, completed; telegraphic longitude determinations and maguetic 
observations at Albany, N. Y., Cambridge, Mass., and Montreal, Canada, completed; hydrographic 
surveys to the southward of Block Island Sound and off l\fontauk Point, and special examinations 
at various points, completed; topobrraphic resurvey of the southern shores of Long Island, New 
York, continued; tidal record and the automatic tidal indicator at Fort Hamilt-0n, New York Har­
bor, continued; extension of the transcontinental arc eastward to Capes l\Iay and Henlopen, com­
pleted; tidal record and automatic tidal indicator at H.eedy Island, Delaware I{iver, continued; 
telegraphic determination of the difforence of longitude between \Vashingt-Ou, D. O., and Dover, 
Del., with incidental latitude and magnetic determinations, completed; tidal record of the Wash­
ington, D. C., Navy-Yard, continued; resurvey of Chesapeake Bay, triangulation, topography, 
hydrography, and tidal and current observations, begun and good progress made; latitude and 
magnetic determinations at Round Hill and I.,eesburg, Va., completed; magnetic determinations 
and establishment of meridian lines at various points in the State of Virgiuia, completed; tidal 
record at Port H.oyal, S. C., completed; resurvey of Brunswick Bar, Georgia (see special opera­
tious); establishment of a tidal station at Fernandina, Fla., observations in progress; geodetic 
connection of the Atlantic and Gulf coasts of Florida, begun and about half finished; hydro­
graphic resurvey of Savannah Hiver Entrance, Georgia, completed; triangulation of the oblique 
arc in Alabama, completed to Mobile; precise leveling in Mississippi, Vicksburg to Meridian, 
completed . 

. .MIDDLE DIVISION.-Siatcs and Territories betwe<m the 1lfississippi River and t!te Rocky Mo1m­
tains.-Within the limits of the Middle Division, as above defined, the following operations were 
begun, continued, or completed during the fiscal year: Survey of Lake Pontchartrain, triangula· 
tion, topography, and hydrography, continued; hydrographic survey at the mouth of Brazos Hiver, 
Texas (see special operations); magnetic observations at various points on the Central and North­
western States, completed; transcontinental line of precise levels in Kansas, continued; measure­
ment of a verification base line at Salina, Kans., for the transcontinental triangulation, completed; 
reconnaissance in Nebraska and northern Kansas, for the ninety-eighth meridian triangulation, 
completed; measurement of a verification base line at Versailles, Mo., completed. 

\VEs'.I.'ERN DrvrsroN.-States a.nd Territories west of the Rocky Nountains.-\Vi thin the limits or 
off the coast.s of the StateR comprising the Western Division the following operations were begun, 
continued, or completed during the fiscal year: Topogrnphic and hydrographic resurvey of Sau 
Frn11cisco Bay and Harbor, with incidental triangulation, continued; tidal observation at the 
Sausalito station, continued; magnetic determinations at forty-eight points in the State of Cali­
fornia, completed; determination of the latitude and longitude of the new Presi1lio astronomical 
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station, San Francisco, completed; connection of the Los Angeles base li11e with the triangulation 
of Oalifomia, completed; examination of reported clangers to navigation at the mouth of Coquille 
Hivcr, Oregon, completed; survey of ·washington Sound, 'Vashingtou, triangulation and topog­
raphy, continued; t.ranscontinental triangulation in Utah and measure of the Salt I~ake ba:,;e 
liue, completed; reconnaissance for triangulation in the Htates of Utah, Nevada, and Idaho, just 
begun; magnetic observations at various points in Montana, completed. 

DIVISION OP ALASKA.-lu. this division the following field operations were in progress or com­
pleted during the fiscal year: Hydrographic and general surveys in southeast Alaska, Salisbury 
Sound, Peril Strait, Sitka Sound, etc., continued; chronometric determination of differences of 
longitude between Sitka, Kadiak, and Unalaska, Alaska, and also latitude and magnetic determi­
nations at the same points, completed; survey of the Pribilof Islands, in progress. 

SPECIAL OPER.A.'l'IONs.-Uuder this head are included operations undertaken by special order 
of Congress, or at the request of' Executive Departments of the Government or other proper 
authority, and the following were carried on during the year: Magnetic and gravity determina­
tions at various points in British North America and Greenland by an Assistant of the Survey 
accompanying the Greenland expedition, completed; latitude determinations at Dover, Del., and 
Hound Hill and J,eesburg, Va., with a view to the selection of stations for the International Lati­
tude Service, completed; laying out of a speed trial course for naval vessels in Chesapeake Bay, 
at the request of the Navy Department, completed; examination of a portion of the boundary 
liue between Spartanburg and Greenvilh~ counties, S. C., at the request of the county commis­
sioners, completed; resurvey of Brunswick Bar, Georgia, at the request of tbe 'Var Department 
and in accordance witll special order of Congress, completed; hydrographic survey at the mouth 
of Brazos l~iver, 'l'exas, at the request of the board organized in accordance with the provisions 
of the river and harbor act of June 3, 1896, to determine the value of improvements constructed 
by the Brazos mver Channel and Dock Company, completed; laying out of a speed trial course 
in Sau Francisco Bay, at the request of the Navy Department, completed; hydrographic exami­
nations of Sau Pedro and Santa Monica Bays, California, at the request of the board organized 
in accordance with the provisions of river and harbor act of 1896 for the selection of a deep-water 
harbor in southern California, completed; seal investigation at Guadalupe Island, northwest coast 

·of Mexico, 'u11der the direction. of scientists from the Leland Stanford University, by direction of 
the honorable the Secretary of the 'l'reasury, completed; examination of the approaches to the 
Port Orchard Naval Station, at the request of the Navy Department, completed; explorations in 
the vicinity of .Mount St. Elias, by Prof'. H. G. Bryant's expedition, 0ne of the Survey Assistants 
being detailed· to accompany and assist the party, in progress; operations of the Internatioual 
Bouudary Commission, on a portiou of the boundary line between the United States and Mexico, 
under the State Departmeut, completed; service of an Assistant of the Survey a8 mernuer of the 
Mississippi River Commission, continued. 

H.eference to the reports made by the officers in charge of the various field parties will be 
found in the body of' this report, geographically arranged under the appropriate division headings. 

OFFIOE WOH.K. 

The usual satisfactory progress has been made iu the various bran.'.}hes of the office work, as 
already mentioned in the introductory statement. The annual reports of the Assistant in Charge 
of the O!Jice, the Hydrographic Inspector, and the Assistant in Charge of the Office of Standard 
Weights and .M:easures, which give full information on this subject, are printed in full in the body 
of the volume, and it is therefore unnecessary to enter into details here. 

Pitblications.-A reference has already been made to the various publications of the office and 
the distribution of Charts, Ooast Pilots, Tide Tables, and Notices to Mariners during the year. 
~ut one bulletin was issued during the year, viz, No. 3H, being a new edition of a Table of Depths 
m the Channels and Harbors along the Coasts of the United States. 'fl.to information contained 
in this bulletin was compiled by the Chief of the Chart Division, and is very much in demand by 
the commercial and maritime interests. 

'rhe scientific papers published as appendices to the Annual H.eport" will be specially noticed 
farther on. 



UNITED STA1'E!::i COAST Ai\'D GEODETIC SURVEY. 

EXPLANATION OF ESTIMATES. 

'l'hc estimates submitted to tho Secretary of the Treasury for the fiscal year 1899 were 
accompanied by the followi11g explanations: 

U.S. CoAs1' AHD GgonETIC SURV.EY, 

0Fl<'ICE OF TIIE SHPJ<m.iNTENDEN'l', 

ll'as!tinytw, JJ. U .. September 30, 18.'J7. 

SrR: I have the honor to transmit herewith estimates of appropriations for 18!::18-99, for the 
United States Coast ancl Geodetic Survey. 

All changes from the preceding appropriation bill have been explained by notes following 
the item in question. 

gespectfully, yours, W. W. DUFFIELD, 
Snperintendent. 

'l'he Honorable the SECitE'l'.A.RY OF TIIE T1rnMn.rnv, 

ll' ashinr;tvn, D. G. 

'l'nEASlmY DEPAI?T:i\1EN'J', 
OFFICE OF 'l'HE COA::>'l' A:'.'i'D GEODETIC SORVEY, 

1Vashinr1ton, T>. O., September 29, 18.97. 
Sm: I have the honor to transmit herewith the estimafos for the Office of Stanllanl Weights 

and Measures for the liscal year 1899, and beg to submit the following explanations in regard to 
changes recornme11ded: 

For the pay of the adjuster an increase of $300 is strongly urged as a just recognition of 
meritorious service. 'l'he same recommendation was made last year, lrnt was not allowed by 
Congress. 

The change in the designation of the assistant messenger to adjuster's helper is also recom­
mended, for the reason that the present designation is 11ot ap1)ropriate and prevents the oflice from 
securing the kind of help required. 'fhe duties required are miscellaneous in their character and 
include clerical and other work which the civil service rules do not permit messengers to perform, 
and as 110 increase in the compensation is asked for there would appear to be no valid objection 
to tlie change suggested. 

'l'he increase in the item for purchase of materials and apparatus and for contingent expenses 
is rendered necessary by the new work devolving on the Weigllts and Measures Office in connection 
with the construction ancl verification of electrical standards. Oµr outfit for this work is very 
meagre, and the immediate purchase of a number of new instruments is absolutely necessary. It 
is not intended, however, that this increase of appropriation should be co11tinuous, but will apply 
only to the fiscal year 1899. 

Yours, respectfully, 

The Honorable the SECRE'l'.A.RY OF TIIE TREASURY. 

W, W. DUFFIELD, 
Superintendent. 

ESTIMA'fES FOR THE FISCA.I, YEAH, :E~DING JUNE 30, 1899. 

For every expenditure requisite for and incident to the survey of the Atlantic, Gulf, and 
Pacific coasts of the U11ited States and the coast of the Territory of Alaska, including the survey 
of rivers to the head of tide water or ship navigation; deep·sea sou11dings, temperature, and 
current observations along the coast and. throughout the Gulf Stream and Japan Stream 
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liowing off the said coasts; tidal observations; the necessary resurveys; the preparat10n of the 
Coast Pilot; continuing researches, and other work relating to terrestrial magnetism and the 
magnetic maps of the United States and a<ljacent waters, and the tables of magnetic declination, 
dip, and intensity usually accompanying them; and including compensation not otherwise 
appropriated for, of persons employed in the field work, in conformity with the regulations for 
the government or the Coast and Geodetic Survey adopted lJy the Secretary of the Treasury; 
for spl·cial examinations that may lJe required by the Light-House Board or other proper 
authority, and including traveling expenses of oflicers and men of the Navy 011 duty; for 
commutation to officers ot' the field force while on field duty, at a rate to be fixed lJy the Secretary 
of the Treasury, not exceeding $2.50 per day each; outfit, equipment, and care of vessels used in 
the Survey, and also repairs and maintenance of the complement of vessels; to be expended in 
accordance with the regulations relating to the Coast and Geodetic Survey from time to time 
prescrilJed lJy the Secretary of the Treasury and under the following beads: Provided, That no 
advance of money t-0 chiefs of field parties under this appropriation shall be made unless to a 
commissioned ufficcr or to a civilian oflicer who shall give boud in such sum as tile Secretary of 
the 'l'reasury may direct: 

FOR FIELD EXPl·:N'SJ<:i;: 

For s11rv1•.y of untiniRhe<l portionH of tho Atlantic Coast from Maine to Florida, and for tbo necessary 
roHnrvoyH, eHpocially of Chosapoako Bay anrl triuntaries .. - - - - .. ___ - _. ____ .. _. __ .... __________ ·-. $35 000 

[To tho rognlar topogr:tphic and hyclrographic work along tho l'OaMt ha.~ now uecn ml<lecl 11 detailed 
Rnn·o~· of the ChesapP-ake Bay. Tho earlier s11rvo~·s wore ma<lo fifty years ago, and great changes 
havo taken placo. This hay lea els to tho approaches of \Vashiugton an<l llaltimorn, and now cliartH 
aro uoodo1l from a commercial and strategic point of view.] 

For survoy of 11nfi11ishe1l portions of tho G11lf Coast, inclu1ling Lake Pontchartrain arnl Sabine Lake, 
a111l for the 110cessary rosnrvevs at the lleltn of the ;\lissi11sippi and olsowhere . - - - • - . - - - - - - - - - - - - _ I:! 000 

[Increase asked for neccssar~· res~rvo~'R ancl with a viow of doubling the.force on Lako l'ont.chartrain 
in order to .complete it noxt year if i1ossiblo; aclditional parties will also he sent to resurvey tho 
1lelta of tho MiseiRsippi.] 

For triangulation, topography, aJHl hydrogmphy of the coasts of California, Oregon, and \\'nshington, 
and for recounaissance along tho Pacific Const from Cnpo ;\1muloci110 to tho Straits of .Juan do Fnca, 
aiul for neces~ary reKnrvoyR, San Francisco Harbor, triangulation, top9graphy, and hydrography. 2i 000 

[Tho commercial 1lcvclopt1umt of the \V<istorn Coast now roquiros a priruar~· triangulation 1brongh 
Oregon ancl \Vashiugton; tho proliminar~· steps of tliis may bo taken next year with slight increase 
in tho appropriation.] 

Cont.inning exploratilns in tho watorH of Alaska llll(l making hyclrographic surveys, including _survey 
of tho Alouti<111 Islands, of 1.ho Y11kon Hiver, inclmliug constrnctiou of Jlat-bottometl vesse!H for 
river navigation, of tho mountain passes at tho heacl of Lynn Canal, and for the ostablighnwnt of 
latitude, longitude, a111l nmgnetic stations ($1:!5 000 of which sh al I bo immetliatelr a \'Rila hie) - - .. _ 150 000 

[$100 000 will be required for tho s11rv11y of tho Yukon River, $2:. 000 for tho n11>1mtain pa8B<'S, and the 
remaiudor for tlio rosnr\•eys of tho waters of Alaska, and for mitronomical an<l magnotic work.] 

For l'ontinuing the resnarches in phyHical hydrography relating to harbors mul bars, including com-
1>11ta.tions and plottings, aiul for tidal :uul enrrent observations ou the coasts of tho united ~tntes. _ ii 000 

For off-sliore sonndingH and examination of reported tlungers 011 the coasts of the t:nite1l States, u.ncl to 
coutinno tho compilation of tho Coaat Pilot, and to make Hpoeial h,v<lrographi" ex:uninationR, and 
inclncling tho employment of such pilots and nautical exports in the field and olllce ns may be 
necessary for the same . __ ••.. ______ . _____ ••• ___ . _ .... ____ . ___ .. ____ .• __ •. ____ ...•••. ______ . __ •• _ 10 100 

To con tin no rnaguotic observations u.ncl to establish meridian liues in connection t.lwrewith in all parts 

of the United States----·--- ____ -----------··-·- __ -----···----·----··----··----·---··-·--··----- :! LiOO 
[A small aclditio11al amount will e11able the magnetic party to lay ont mcri<linn liues for tho uso of 
, county Hnrve~·ors ancl engineers. Thi,; plan was trio<l and has bceu very en!'cessful.] 

I•or continuing tho lino of oxnct lovelH between tho Atlantic, Pacific, ancl Gulf coasts·----·---------- :{ 500 
For furnishing poi11ts to State Hurvoys, to bo applic<l as for as prnctieablo to States whm·e points have 

not been furnished, nnd for primary triangulation along the mo Grnnde. _. __ ... ____ .. ____ .. ____ . 13 500 
[The items for Stu.to surveys and for thn Califoruia-Novuda boundary have herntoforo appeared 

togot.hcr. Tlio aruount allott.od, however, has nlwu.yH heon insutliciont to l'nrry on both econom­
ically. It is now proposed to separate them aJHl givo the entlrn amount to State Hnrveys, which ·is 
not morn than necossnry to fnrnisli pointd to States re1111iring them.] 

For surveying aud temporarily marking that portion of tho eastern boundary of tho Stu.to of California 
conimoncing at and running southeastward from tho intersection of the thirty-ninth ilogreo of 
north lat.it1ulo with the one hundred and twentieth degree of lougitudo wost from Greenwich.___ 10 000 

[This work requires only one more season to complete it, and it is confiden1.ly believed that for tho 
amount 1tHked the boundary question may bn sottlml.] 
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Fon Fn:LI> EXPE~sE,.;-Contiuued. 

For determination of geographical positions, and to continue gravity obscn·ations ....•..........•.... 
For traveling expenses of otli0cri; and men of tho Ka,·:.· on duty, and for any special surYcys that ma:.· 

lic re11uirod by tho Light-House Board or ot.her pr'!per authorit~·, and contingent expenses iucitlent. 

thereto .................. - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - · - - - - - - - - - - - - - - - - - - - - - - - - - -- · · - - - - - - - - - · 
For objects not lwreinbefore named that may bo deemed urgent, including tho actual necessary exp1m­

Hes of ofliccrs of the field force temporarily ordered to tho office at 'Vashington for commltatio11 
with the Snperintcnclent, to be paid as directed by the Superintendent, in ac<"ordanc:~ wi1h the 

Treasury regnlat.ions .... ------ ------ ------ ------ ---- ------ ---- ------ ------ ------ ...... ---- ---- .. 
To enable the Uon1rnment of the United States to pay, throngh the Amorican embassy at Borlin, its 

CJHOta as au mlhering member of the I11tcrnational Gco<letic Association for the Measurement of 
the Earth ................. _ ....................... _ .................................. - - - - - - . - .. . 

For cxpcnstis of the attendance of the American delegate at the mceti11gs of tho International Geodetic 
Association------ ...... ·----- .... -----------· ...... ·----- ____ ...... ------ ____ .... ------------ __ _ 

[l'ro1·itl"d, that sncll expenses of att.,ndaucc shall be lrn~·able ont of tho item "for objects not lrnrein­
hefore named," and 20 per cent of the foregoing amounts shall ho available interchangeably for 
expernlitnre 011 the objects named; but no more than 20 per cent shall be added to any 0110 item 
of appropriation.] 

$2 500 

!{ 400 

.j 000 

1 500 

550 

Ju all, for field expenses. ___ ...... ___ .... ____ . ___ ................. __ ............ -- . ---- --- - 280 000 

F•lH HEl'AlltS ANI> MAINTENANCI' OF \'EsSELS: 

For repairH and maintenance of tho complement of vessels used in the Coast and Geodetic Suryoy. 
including the traveling Pxpenses of the person inspecting the repairs ................ -----------· 

Y1·:;;s~:1. !'OH S11:i:v1cg IN ALASKA AND Tiii> ALEUTIAN faI,ANDS: 

For completing the ~toamer for tho smTico in Alaska a111l tho Aleutian h1lands, the building of which 
the Secretary of the Treasury was authoriwd to contract for at a cost not exceeding $125 000, i!1 
addition to the >f;75 000 already appropriated, thll fnrthnr sum of ..... _. _ ............. - - -- - - - - • - - -

For the equipment anrl outfit of such Ytissel ................. _ ...................... ---- - - - - - - - --- ---
:\'oTl·:.-"'ithout this appropriation tho vessel can not begin her work in the spring of 1899. 

HALAHil·:s OF COART AND G1w1n:Tic Sun VEY: 

For Superintendent-------------------------- ____ .... -----·------ .......... ________ ------------ ... . 
For pay of assistants to lw employe1! either in the field or offi<·e, as t.!1e 8uperintendcnt may direct: 

== 

2;; 000 

50 0(10 
30 000 

(i 000 

For two assistants, at$-! 000 each .... _ ................... _ ............. _ ..... __ .. .. .. . . . . . . . . . . . 8 000 
For one assistant------ ...... -----· ...... ------ .... ---- ...... ----·-- ...... ------ .... --------..... :1 !IOO 
For four assi~t.an ts, at $3 000 each ............ _ .......... __ ............ _ ..... _ ......... - . . . . . . . . . 12 000 
For four assista11ts, at $2 500 each ....................... _ .. _ ................ _____ ............... 10 000 
For seven assistants, at $2 200 each .............................. __ .. ------ .. _ ........ -- . .. . . .. . 15 400 
For scvc11 assbtants, at$'.! 000 each ................ _ ........................... _................ 14 000 
For three assista11 ts, at $1 800 cueh. _. _ ....... - .. ___ .......................................... - - . G 400 
For three assistants, nt. $1 600 eac!J .......... ------ ------ ------ .......... ------ .......... ---- .... 4 800 
For thr<'e ussh<iants, nt $1 400 each .................. ------------ ...... ------------.............. ·I 200 
For four assistuntH, at $1200 each .... ---------------- ........ ------------....................... 4 800 
For aidH employed at n salar~· not greater than $900 per annum each....................... . . . . . . 3 GOO 

-----
In all .................. ------------ .... ------------------ ............................ ---- 91 400 

l'AY OF OFFICE l:'onCE: 

~~~: ~~:: ~~:~::.:~i::ru::::i~~~~:t- : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ·.::::::::::: : : : : : : : 
For one l'hiPf of divisio11 of librar~· and archh·es ...... ---- ·----- .... ---- .... ---- .... ---- ---· ....... . 
For elerical force, namely: 

For two, at. $1 li50 each .... _ .............. - - - .... - . - - . - - - - - - - - - - - .. - - . - - - - - - - ... - - · - - · - - - · · - - - - -
For three, at $1 •100 each ...... ----·---------------- ...... ---------- ...... ------------·-----------
For 11ix, at $1 200 each ..................... - - - - . - . - .. - . - - . - - - - - - - - - - - - - - - · - - - - - - - - - - · - - - - - · - - - - - -
For four, at $1 000 each .. -------------------- .... -----·---------- ---- ---- ---- ---- ---- ---- ·----- · 

For chart eoncctors, buoy coloriHts, stenographers, writers, typowrittirH, and copyists, n:nncly: 

For two, at $1200 each·----- .... -----·---------------- - ---- ---- ---- ---- ---- ---- ---- ···· ---- ·---
For th1·0,., nt $!l00 each ........................... ------·----- ........ · ... ----·-· --- ------ ------ · 
For one------------ .................. ____ ................................ ---- ---- .... ---- ·-----
For se,·en, at $720 each------------ ............... -----·------ .... ·----------- ....... ------------
For one------ .... -----·_ .. _ ...... __ ........ ___ ........................... -----· ...... ----------

For topographic and hydrogrnphic drafts111011, namely: 
For on<'------------·----------- ................ ------ ........................ ____ ---- ......... . 
For one .... _ ... __ ........ __________________ ... ___ .. ____ .. ___ . ______ .... _ ... ____ ... __ .. ____ . ____ _ 

For t\vo, at. $2 000 each ....... ______ ...... ____ ..... ____ ......... _ .............................. . 
For t!Jrce, at $1 800 each .. _ ........ _ .......... ___ .............................................. . 

2 200 
1 800 
1 800 

3 !300 
4 200 
7 200 
4 000 

2 400 
2 700 

800 
5 04.0 

GOO 

2 400 
2 200 
4 000 
5 400 



HEPOHT FOR 1~97-l'ART I. ESTDIATES. 

PAY OF OFFICE FoUCE-Continnetl. 
For topographic arnl liy1lrograpl1i<" druft~1uon, 11amely-Contin11c<l. 

For two, at $1 400 each. ______ .. - - - . - - - - - - -·- - - - - - - - - -- - - - - - - - - - .. - - - - - - - - - - - -- - - - - - - - - - - - - -- - - - -
For ono ___ .. ___ .. ____ .. ___ . ____ . __ .... ____ ... _ . _ ... ____ . __ ..... ___ ... _ ....... ____ . ___ . _ . _. ____ . 

For two, at $1000 each.-----------------------------·------------ .......... -----·---·----------
For two, ut $900 each .• ____ .. _ - _ - . - - - - - - - - - - -- - - - - - - - - -- - - - - - - - - - - - - -- - - - - - - - - - - . - - - - - - - - - - - - - - -
Forono _________________ ---- ---- ------ ---- ------ ·-- --- ------ ------ ---- ·----- ·----· ------ ---- ----

For u~trouornil'al, goo<let.io, tidal, :m<l misccllanoo11s computers, namnly: 
For two, at $2 000 each.-----------------------------·-------------------------·----------------
For threo, ut $1 600 each. ____ - . _____ -- - - - - - - - - - - - - - - . - - - - .. - - - _. _____ .. _______ . _. ___ .. ___ - . ___ .. 

For two, at $1400 each.----------------------------·-·------------·-----------------------------
Fort wo, at $1 200 each. ___ . __ - _______ - .. - - - -.... ___ .. ___ .... ____ .. ____ . _. __ . ___ . ________ . _. ___ _ 
For two, at $1 000 each. _____ - - _____ . - - - - - . - - - - - -- - - - . - - .. _ - - _ .. ___ . _. ______________ . - - - - - -- - - . _ 

For copperplate ongraYors, 1111mol~·: 
For three, at $2 000 each. ___ - . - ____ .. _. - - - -- - - - - - - - - - - . _____ . ________ . ____ . ________________ . ___ _ 
For two, at $1 800 each. ___ . ___ .. _____ . - - - - - - - - - - - . - - _. ____ ... _____ .. _____ . __ . _______ . ______ . __ _ 
For two, at $1 600 cadi. ___ - - . - _______ .. - - - . - - - - - - . - - - - - . _________ . ______ . ___ . _________________ _ 

l•"'c>r <>lle --- ... - - - .... - ............ - ...... - .... - .... - -- - - - - - - -- - -- - - - - - - - - - - - .......... - ................. -- ................ - .. . 

For two, at $1200 llU('lt. ---- ---- ---- ---- .••. ------ ------ ---- ____ ---- ... ·. ____ ·----· ---- ---- ------
For two, at $1 000 cadL ________________ - - - - - - - - - - - - - - - - . - . - _____ . _____________________ , __ . ____ _ 

For four, at :l'900 ea('h.~--- ____ ------ ____ ---- ---- ---- ------ ·----- ------ ________ ·----- ___________ _ 
For one . - - - - - - - - - - - - - - - .. - - - . - .. ___ - . - - - - -- - - - . - - - - - - - - . - - - .. - ......... - - - .. - - - -.. - - .• _. _ . - - - _. 
[This is <lone in order to u<lvanco an cngruYor hitlwrto receiving :ri:iOO to a ~ultiry of $700, propor­

tionate to his skill.] 
For elc<'trot.~·perll an<l 11hot.ographors, pinto printers and their helpers, instrument maknrs, carpenters, 

engineer, and other Kkillo<l l:Lbor<•rs. nnm"l~·: 
For two, at. $1800 each.-----------·------------·-----------------·----------·-----------·-----· 
l~or one ........ - - - - ............... - .... - .. : ... - . - - - .. - .. - .. - - - - - - - - - · - - - - - · - - - - - · - - - - .. - - - - - - - - - - - - - - .. - - · - - - -
For ~ix, ut $1200 on<'h .. ____ ------ ...... ·----- -----· ---- .... ---- ---- ---------------- ____ --------
[KOTE.-Tho nllditiouul four men herein iul'lndcll ai·Q 11lat11 printers. Tllll l'llll' of $1 000 hcrot.o­

fore pa ill is lrnlow the stau<lar<I rate pni<l for this work lioth in B11rl•uu ;if EugraYing and 
Printing and in priYato est.ahlishmeuts.] 

Th" following item is rod11cod from t.on to six Ly such transfer: 
For Hix, at $1 000 each. _____ . _____ . ___ ... ______ . __________ . ____________________________________ _ 
For two, at $900 each .. ___________ . _____________ . _______________________ . _____ . ________________ _ 
For fiyo, nt $700 oal'h. ________ ---- _____________ . __ . ____ . __________ .. ·---. ____ . _____ . ___________ _ 

For watchnl(lu, firomou, me8SOJ1gors, mu! la hor .. rs, pack ors and foldurs, aud rniscellancous work, namely: 
For thr<!o, at $880 cacl.1. __ ~ ______________________ . ____ . ______ . _______ .. _______ . ____ . _____ . _______ _ 

For six, .nt$820 each .. ____ ------------·-----------·----- ____ ·---------·----·--------------------
For two, at $700 eal'h. - ___ --- . _________ . _____ ---- ______ ·-- _ .. ______ ·---. __ . ______________ -. __ ----

For throe, at $H40 eu<"h .... ------ ----·. ------ ------ ---- -----· ------ ------ ---- ------ ---~-- ---- ___ _ 
For four, at $630 each. - - - - - _____ . _________________ . ____ . _____ .. ______ . ___ _ :. _______ . ___________ _ 

For four, at $550 cn<'h. - - -- - . -- - ---- __ . _ --- _ ... - ________ --- _ .. -- ---- ---- .. ______________________ _ 

For two, at $365 ouch ...... ---------------------· ...... --------------------------------·--------

lu nil 

0FFll'E EXPENSES: 

For the pnrchuRo ofuow in~truments, for muterials :md 1rnpplio8 l'Oljt1ired in tho instrument shop, cur-
penter shop, and drnwiug <liviRion, and for bookti, mnpti, charts, allll subHcriptious. __ . __ . __ .. ___ _ 

For copper 11IuteH, chart 11upor, 1irinter'1< ink, copper, zinc, nn<l chemicals for electrotqiing 1111d photo­
graphing; engraviug, J>rinting, photographing, aud 11lectrotyping supplies; nnd for photolitho-
graphing charts null print.ing from stonl' nud copper for immediate uHo. ___________________ . _____ . 

For >1tationcry for tlw oflice aucl fiel<I parties, tmusportation of instruments nn<l suppliei<, when not 
charged to 1iarty expenses, office wagon aud horses, fuel, gas, electricity for lighting und powor, 
tologrnms, ico, anll washing.------ ____ -------------------------------------· .. ------------------

For miscellaneous expenses, coi1tingeucies of all kinds, office furniture, r11pairs, aud extra labor, and 
for traveling oxpl,nHes of assistants und others employed in tho ofilco sunt on t!peciul duty in tho 
sorvil·o of the office . _. __ . ______________ . ___ . _ . _. _ . _. ___ . - - - ... - - - - .. - - - - - - - - • - - - - - . - - - - - - - - - . - - . 

Fort.ho discussion and publication of obser,·ations ____ ------ ------ ·----· ---- ---- ---•---· ---- ---- ----
[That no pnrt of tho money horoin .approprmtcll for tlw Const 1m<l Goodotic Hur\•ey shull be nvuiluble 

for ullowuuco to clvilinn or other officors for sul>Hilltonco while on duty at \Vnshington (excllpt ns 
horei n bnfore provillPd for officers of tho field force ordor<id to \Y asbington for short periods for 
co11s11ltatio11 with the Superintcmlont), 01· to ollicers of tho Nu.Yy attucho<l to tho Sun·ey, except us · 

9 

:!<2 HOO 
1 200 
2 000 
1 800 

700 

4 000 
4 800 
2 800 
2 400 
2 000 

6 000 
:~ 600 
3 200 
1 400 
2 400 
2 000 
3 600 

700 

3 600 
1 600 
7 200 

6 000 
1 800 
3 500 

2 640 
4 920 
1 400 
1 920 
2 520 
2 200 

730 

137 470 

7 700 

lii 500 

6 ()()() 

4 200 

33 400 
1 000 



10 UNITED STATES COAST AND GEODETIC SUHVEY. 

OFFICE EXPF:XSES-Continned. 
now pro\'iilcd hy law: l'rol'idecl, ltol!'ever, That naval officers and others employed in Alaska be 
furnished with such outfits of clothing aud stores und such additional allowa11c11 for sub8istenco 
as may h!'. recomme111led by the Superintendent and approved by the Secretary of the Treasury.] 

[NOTE.-'l'hiH is done in order to provide extra clothing for those persons who may be obliged to winter 
in the sernre dimate of Alaska.] 

i'RJ);'J'I:\'G AND llrn1>1xo, COAST A~I> (JEODETIC SunvJ<;Y: 

For 1irinting anrl lithographing, photolithographing, photoengraving, and all forms of illustration 
dcin11 by the l'ublic l'rinter, 011 re<]uisition of the Treasury Department, for tl1e Coast and 
Geodetic Survey, 11a1Uely: · 

Tide tali ks, coast pilots, aµpemlixes to the Superintemlent's annual report,", published Hepara.tely; 
notices to mari11Prs, circulars, blank bookH, blank forms, and miscellaneous printing, including 
the cost of all bincling and coYering; the necessary stock and materials and binding for the 
library and archives ...........................••... ------.................................. $20 !l35 

XOTi:.-No ougru.du~ i~ done h.r the l'ublic Printer for tho Const and Geodetic Survey. 

Total Coast ancl Geodetic Survey, exclusive of printing and binding ...................... . 

OFFICE OF COSSTIWCTION OF 8TANDAHD \VEWIITS ANll l\1EASIJHE8; 

Sulctrie•, O.ffiee of Stmula1·d Trciyltts a11d M"anures-
For construC'tiou and veritication of standard weights ancl moasnres, inclncling motric standar1ls, 

for tho c11stom-lwusos, other offices of tho L'nitod States, and for the several States, and 
mural standards of lougth in Washington, D. C.-

For one adj 11ster. ................. _ ....•... _ ............ ___ ....... __ .. ___ .. _ ...... _ ........ . 
For one verifier .....................•....•.•......•..........•........ ------ ...... ---- ..... . 
For one mechanician ................. __ .................................•......... - - - - - - - - - -
For one adj 11st1·r's helper .... , ..................•.................................. - - - - - . - - - . 
For one watchman .......••.•..........•.......................... __ ............. - - - - - - - . - - -

In all ......................................................................... - - -- - -· - ••. 

Co11tinye11t e.rpen8es, O.Uice of Standai·d Wei[!hts and .lfcas111·es-
For p11rehase of materials and apparatus, and inl'idental expenses ..••••.••••••.•.•••...... -..... 
[This incr"aHe is :ihsol11tely nceessary in view of tho new duty devolving 011 tho \Voights ancl Meas­

ures om('.e in connection witl1 tho construction ancl verification of olectricul standards, and is 
dc·signerl mainly for the purchase of the nceossary instruments and outfit.] 

For exp1mses of the attenclaneo of the American delegate at the meeting of the Internn.tional 
Bnn·au of' \Voights antl '.\leasnres, as provided for in t.he convention signed May 20, 187:;, the 
sum of $475, or so much th<·reof as may bo noccsanry ...................•......... __ ........... . 

Total, contingcut expenses, Office of Standard \Vcights and l\Ieasurcs .. _____ ........ : .... . 

-----

&18 270 
==== 

1 800 
1 500 

2:,0 
720 
720 

i5 990 

2 500 

·175 

2 975 



ltEPOl{T FOR 18U7-PAH,T L ABSTHACTS Ol•' REPORTl:-l FRO)I FIELD PAltTIES. 11 

ABSTRACTS OF HEPORTS :FROM l?IELD PAHTI.ES, l?ISCAL YEAH 18H7. 

lM.S'l'El{.N DlVISIOX. 

STATES EAST OF TUE :\lISSIS~IPPC RIVER. 

1. 1\1 ainc. 10. Delaware. 19. .Mississippi. 
2. New Hampshire. 11. l\'Iarylaud. 20. ::\I ichigan. 
:t Vermont. 1·> ~. District of Columbia. 21. \Visconsin. 
•!. l\lassachnsetts. 13. Virg'iuia. 22. Ohio. 
5. ghode lsl:wd. 14, North Carolina. 23. I rnliana. 
{i, Co1111ectic11t. 15. South Carolina. '.'4. Illiuois. 
7. Xew York. Hi. Georgia. 2ii. \Vest Virginia. 
8. New .Jersey. 17. Florida. 26. Kentucky. 
n. Pennsylvania. 18. Alabama. •)-.-1. Tennessee. 

Progress sketches showing the localities of liel1l work in the Eastern Division will b1i fou11d 
at the close of Part l. 

Coniwct-ion of )Immt Uo.IJal, n«ar ,lfonfreal, Cnnada~ with the primary tria11r1ulation of l'amont 
mul Nc111 York.-ln April, 18!17, Assistant A. 'l'. l\fosman was directed to complete the primary 
triangulation of V crmont and New York and to extend it to 1\Ionnt Hoyal, at l\'Iontreal, Canada. 
The scheme contemplated the occupation of l\'Iount Hoyal for the measurement of the angle 
between the stations ''Bellevue'' and "Dannemora," in Vermout and :N" ew y'ork, respectively, and 
the observation at "Monut Mansfield" of the liues to "Bellevue," "Dannemora," "Bigelow," 
''Blueberry Hill," and "Potato Hill." The inclusion of the stations "High Gate," "Monut 
'Washington," and" Killington" was left to Assistaut }fosman's judgment, it being necessary to 
learn somethiug· of the ditliculties aud the consequent amount of time and expense involved. 

Assistant Mosman, accompanied hy Assistant C. C. Yates, left vVashiugton on tlie l!Jth of 
April and arrived at Montreal on the ~5th. A tripod and scaffol1l signal 40 feet in height was 
erected on :M:ount Hoyal, and the station prepared for occupation. Meanwhile a signal pole was 
placed on ''Mount Johnston,'' and heliotropers were posted by Assistant Yates on "Bellevue" 
and ''Dannemora." Owing to continued cloudy and rainy weather no observations could be 
obtained until May 15, and from this date to ,June 15 011ly eight days occurred on which observa­
tions were possible. The station was completed 011 "tlrn lGth of .June, aud the party was then 
moved to l\lount .\I ans field. 'l'he part of the summit locally known as " the nose" was occupied, 
and for the erection of the piers for the instruments it was necessary to transport by hand up a 
steep cliff 300 feet high all the requisite materials, such as Cl:ment, sand, broken stone, lumber, 
and water. The instrn.ments were monnted ready for obser\'ation by June 22, and meanwhile 
A~sista.nt Yates was engaged in posting heliotropes at" Dannemora,"" Bigelow," "Blueberry 
llill,~' aud "Killi11gton '' and erecting a signal pole at "Potato Bill." But one observation was 
obtamed during the remainder of Juue, as tlte weatlter co11ti11ucd unfavorable, storms of rain, 
snow, and bail being followed by a hazy condition of atmosphere, which rendered the outlines 
of the mouutains only 20 miles distant hardly disti11guishablc. The party being still in the field 
at the close of the year, the filial statement of the results' accomplished will be given in my next 
report. 



It U~ITEl> 8TATES COAST AND GEODETIC SURVEY. 

Hydro{!raplty on the coast of ;llassaclmsctts, bct1cccn Gloucester and 1llanchestcr.-Early in August, 
18HG, the steamer Blnke, under the command of Lieut. Commander A." Dunlap, U.S. N., proceeded 
from New York, where she had been undergoing repairs, to the coast of Massachusetts, under 
instructions to execute a hydrographic survey or the region between Gloucester and l\Iauchestcr. 
\Vork was begun ou the 12th of August and continued until October 31, when it was completed. 
The work began at the limit reached by the Bache in 18!J5, and the same system of surveying was 
followed. 1.'he lines of soundings were usually ruu at intervals of 100 metres and crossed at right 
angles by auother system of lines similarly spaced, but where channels or shoals required closer 
development such aduitional lines as were necessary were run. Special attention was given to the 
examination and development of known ledges and careful search was made for reported new ones. 
Lieutenant-Commander Dunlap reports the finding of au uncharted ledge about half a mile south­
southeast of Kettle Island Ledge. This, coming within the limits of his h.vdrographic sheet, was 
carefully surveyed, but he was informed by Capt. \Villiam S. Douglas, of l\Iagnolia, l\fass., that 
several other uncharted ledges exist to the eastward, to the southward: and to the southward and 
westward of the one found. 

Captain Douglas also reports au uncharted shoal, known as Saturday Night Shoal, in S fathoms 
of water and about 1 mile son th-southeast of Kettle Island Ledge. '.l'hese reported shoals and 
ledges, not falling within the limit of the pr~jectiou furnished, were not investigated, but will receive 
early attention. Lieutenant-Commander Dunlap, on the completion of his survey, proceeded with 
bis vessel to New York, arriviug there on the 3d of November, and made immediate preparations 
for the taking up of hy1lrngraphic work in Chesapeake Bay. The Blake sailed from New York 011 

November 12, and :tfter encountering a severe g·ale off Winter Quarter light vessel, reached the 
uew working ground in the vieinity of Baltimore Harbor entrance on the 15th. 

The Chesapeake BlJ,y work will be treated of in a separate paragraph in its proper geog·rnph­
it-al order. 

'.rhe statistics of the l\Iassachusetts coast work are as follows: 

Areasouudecl, iu ~quare geographical miles........................................... 15 
Number of miles (geographil'al) ruu while sounding ......... _. _ .... _.. . . • . . . . . . . . . . . . . 833~ 

Number ofangles measurecl. ·----· ............ ···--- ...........................•...... 12 593 
:Numhor of 11oumliugs ta.ken ..... _ .................. · ........ __ .... _ .................... 23 876 
Number of tidal :-;tations establi11hetl ... __ ..... _ .•. _. _ .. ___ ... __ ....... _ .. _ ...... _... . . 2 
Xnmber of specimens of bottom presorved .. _ .. __ ........ __ ... _. _ ....... ___ .... _. _..... 55 
Number of hydrogrnpbic sheets fiuishe<l. .... _ ... _ ............ _ ....... _.............. .. 1 

The naval oliicers attached to the party were as follows: Lieut. Oommander A. Dunlap (in 
command), Lieut. J. A. Shearman, Eu sign A. T. Long, Ensign J. H. Heitl, Ensign ll . .A. \Viley, 
P.A. 8nrg. 0. M. De Valin. 

Contin1tatio11 of tlte hydro!Jraphic resurvey of Buzzardx Bay, Massachusetts.- At the close of the 
last fiscal year the party on schooner Eagre, under the command of Lieut. G. C. Hauus, U. S. N., 
wais engaged on the hydrographic resm·vey of the upper part of Buzzards Bay, and the statistics 
of the work to June 30, 18!)6, are given iu my last report. The work was carried on continuously 
during the present year whenever the weather conditions permitted, and the party is still iu the 
field. Much time was necm;sarily lost for field work during the winter months, but the accumu­
lation of office work incident to a large season's work and the overhauling of boats a11d ·Steam 
launches kept the party fully employed. Of the four hydrographic sheets furnished the party 
two have been completed aud a third is well adva11ced. A large number of rocks and shoals 
required special examination and devcloplllent, aud, considermg this fact and the further one that 
all tl..ie soundings had to be done from small uoats and launches, the amount of work accomplished 
is very large. Lieutenant Hanus highly commends the zeal and energy displayed by all members 
of the party. The naval otncers attached to the Bagrc during the year were as follows: Lieut. 
G. C. Hanns (in command), Lieut. W. A. Bdgar, Ensign ,l. F. Hubbard (detached AJ)ril 207 18!)7)7 

Ensign H. A. Wiley (reported on board .May 147 18!17), Chief Yeoman William B. Proctor, and 
Draftsman ,John 1'. ·watkins (from July 21, 1896, to October IO, 1896). Seamen 'I'. James, O. Cary, 
and S. Petersen served as recorders, and H. L. \.Y opschal served as tidal observer, all performing 
their duties in a satisfactory manner. 

A full descriptive report accompanies Lieutenant Hauus's annual report, and much valuable 



REPORT FOR 1897-PART I. ABSTRACTS O~' REPORTS ~'ROl\f FIELD PARTIES. 13 

information and data for the uew charts of this n'gion are therein contained. 1'he statistics of 
the year's work are given as follows: 

Area HOlmdcd, in Hquaro geogr:i.phicnl miles··----·-----··-··---·-----·----··--··---··. 
Number of miles (geographical) rnn whilo sounding._ .. _ .. ____ . ___ .. ___ .... _._._ ..... . 
Number of nnglns measured whilo sountling - - - - - .. _. _ .......... ___ .. _. _ .... _. _ ....... . 
Number of angles measured for determining bnoys and signals ____ . ___ . - . _ ... ___ . _. __ .. 

Number of soundings taken. _____ ·----· .... ·---···-·-·----··--·-----···-··----··-·---. 
Number of tidal Rtations establishod-----· ···--- ·--··· ·----· -··· ··---- .... ··---· ·----· 
Number ofspecimemi of bot.tom iireserved ..•••• ··--·· ·----· ---- .... -·-· ···- .... ·----·. 
Kumber of hydrographic sheets eomplctrnl . - .. - - .... - __ .. - - .. __ ...................... . 
Number of isignnls determined .................... - .•................... _ ............ . 
Number of bnoyH detormincil ....... - .......... -..•....... - ... _ ...................... . 

:is 
:! (i2!J 

31 310 
2 288 

l!J8 563 
7 

H 
2 

144 
l!J 

Continuation <!f the h.11dro_qraphic resun<J.lf f!l lfozzards Bay, Jlassaelwsetts.-Early in .Jnly, 
1896, the steamer Bache, under the command of Lieut. UobertG. Peck, U. S.N., left New York for the­
purpose of executing a hydrographic surve~; of certain portions of Buzzards Bay, but was directed 
to stop en route to repaint the buoys of the Long hilancl Sound speed-trial course and determine 
and mark a position for the Nantucket South Shoal light-ship. 'l'he repainting of the trial-course 
bnoys was completed on .Tt\ly 10, and Lieutenant Peck then proceeded to New London, Uonn., to 
obtain from the Light-Honse Depot a buoy and sinker for marking the new position for the South 
Shoal light-ship. The necessary examination to the southward and westward of Phelps· Bank was 
then made, and the new llOSition for the light-ship was determined aud marked by the 16th. This 
position was Hubsequently approved and adopted by the Light-House Board, and on the 17th of 
October the light-ship was successfully moved to the position recommended. J,ieutenaut Peck pro­
ceeded to New Bedf9rd on July 17 and at once began tl..te regular hydrographic work assig·ned him, 
which was laid ont on four projections whose limits may be thus outlined: Sheets Nos. 1 and 2, on 
a scale of 1-10000, covered the southern part or Buzll.ards Bay from the vicinity of Woods Hole to a 
point about half a mile to the westward ofCuttyhunk; sheet -Xo. 3, also on a scale of 1-10000, 
included the shores on the north side of the hay between the Dumpling Hock and Gooseberry Neck; 
sheet No. 4~ 011 a scale of 1-20000, covered the central waters of the bay from a line drawn 11orth­
uorthwesterly from vYoods Hole to the extreme western limit of the resurvey. Of these sheets 
Nos. 1 aud 2 were completed during the sea.sou, mul considerable work was done on No. 4, nnfa. 
vorable weather preveuting its completion. Sheet No. 3, from lack of time, was not begun. 'l'he 
season closed on the last day of. October, aud, in accordance with instructions, Lieutenant Peck 
then proceeded with his vessel to New York for repairs and for preparation for fnrther service on 
the soi.1thern coast. 

The following is the list of naval oflicers attached to the vessel during the season: Lieut. 
Hobert G. Peck (in command), Bnsigu H. K. Hines, Ensign A. H. Davis, Ensign F. M. Hussell, 
Master at Arms Thomas A. Martin, Yeoman J. L. Dunn, Asst. Surg. 1\1. K. Johnson, P.A. Surg·. 
Heury D. \.Yilson, Machinist A. J. Miskimon. Seamen .John Craig, Jakob Jakobsen, and Andreas 
Andersen served as recorders, and Yeoman ,J. L. Dunn as draftsman. 

The ~tatistics of the season's work have been tabulated as follows: 

Arna soundetl, in sqnaro geographical miles .......• ___ ... _ ............•.. _... . . . . . . . . . 17 
l>istnnco run while souml.inj!, in geogrnphical miles .. _ ...•........ _.... . . . . . . . . . . . . . . . !l48~ 
Number of ungleH mcusnrecl •..................••. -··· ......•.•• ··-·-· ...........•.... 13 tl68 
Number of soundings t.nken ····-· ........................ ·-·· ···-·· ··-··· ............ 44 lGH 
Numlwr of ticlnl stations estnblislwd. __ . _ .... _, ......................... _............. a 
Number of hydrographic sheets complete«! . _. __ ..... __ . _ ......................................... _ .. .. .. .. .. .. .. . ~ 

Continuation of the topo_qraphicttl r1~surre!J of Bttzzards lfo.y, 1lfa.~Nachu.~ctts.-At the beginning 
of the fiscal year, Assistant Stehman l•'orney, in accordance with instructions, proceeded to New 
Bedford, 1\fass., for the purpose of completing the unfinished topographical sheets of the four parties 
of the previous year. Ile immc<liately organized two parties, one to be under his own immediate 
direction and the other under the charge of Mr. \Villiam Bowie, and the former began work in the 
vicinity of l\fariou, and the latter at 1\fatta1)oisett. 'rho two sheets designated as the Sippican 
and Mattapoisett sheets were completed by the mid of August, and the parties then moved to 
Horseneck Beach and l\fonument Beach, respectively, and began work on the unfinished Pada-
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naram and Pocasset sheets. 'l'hese were completed by the end of October, and Assistant Forney 
then took up the trigonometrical determination of light-houses in Buzzards Bay, and Mr. Bowie 
returned to Washington. On the completion of the light-honse determinations the party was 
disbanded, and Assistant Forney, with a recorder, proceeded to Newburyport, l\lass., where a 
plane-table survey of the docks aud water front was made. 'l'his was finished by November, and 
1\Ir. Forney then returned to \Vashington and was assigned to oftice duty. 

The recorders and rodmen assigned to the Buzzards Bay parties were .lames M. Griffin, James 
P. Keleher, Clarence Co11ard, Hoss Hasbrouck, A. C. Forester, \V. H. llalleck, John Lord Nisbet, 
and A. 8. Tallman, and all rendered satisfactory service. 

The statistics of the season's work are as follows: 

Number of stations occupied for horizontal angles . • •• •. . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . 7 
Arca of topography surveyed, in squari·. statute miles...................................... 24 
Length of coast line aun·eycd, in ntatuto milcH, .......................................... - 34 
Length of shore line of rivers ancl marsh lino surveyed, in statute milo8 ............... - - - . ·18 
Length of roatlti sun·cyed, in statute milns ................................................ 88 
Number of topographic sheets finished .... -------------------------- ____ ...... ·-----·----- 5 

1'opographical surrey of Nauslwn ·Island, .llas8achusctts.-Early iu .July, 18!ll3, Assistant W. I. 
Vinal, in acco~dance with instructions dated Jnne 23, proceeded to Naushon Island, Massachu­
setts, and orgauized a party for the completion of its topographical suney. The north end or 
the island was surveyed by Mr. Vinal in 1889, and the shore line of the southern portion had been 
run by auother party in the fall of the same year. Field operations were begun on July 9, and 
continued to September :m, when the work was finished, the party disbanded, and 1\Ir. Vinal 
returned to \Vashi11gto11. Xaushou Island is tlrn property of Hou .• Johu M. Forbes, aud is prac­
tically an extensive private park. 1t is stocked with deer an<l other game, and trespassing being 
strictly prohibited, it was 11ecessary for the party to obtain a permit to go O\"Cr the gmund. 'l'his 
was secured without difliculty, however, and the party's headquarters were located at 'l'arpauli1i 
Cove. Assistant Vinal repo1-ts that the contouring- of the island was found complex a11d difficult 
on account of dense woods and extensive tracts of Scotch broom, the latter being almost impassi­
ble and seriously interfering with the rapid progress of the r-;urvey. Nums.irous carriage roads 
and bridle paths, however, cross the islarnl in various directions, :uHl these greatly facilitated a 
close inspection of the grounds, bnt adde1l considerably to the details of delineation. 

31essrs. H. K Brinker, J .. T. Carlisle, and .J. L. Nisbet were attached to the party ar-; recorders 
and rodmen, and reudered eflicient service during the season. Assistant Vinal, after his return 
to \Vashingto11, was e11gaged in inking and lettering topographical sheets, and on miscellaneous 
duty, until again ordered to the Jield. llis further services duri11g the year will be noticed under 
the proper geographical lleadings. 

The st~tistics of the X ausho11 Island work are as follows: 

Area sun·oyecl, in Aquare statute miles ....... : ........................••...............•••. 7! 
Crel'I• autl po1Hl shore line surveyed, 1n statute miles ..............••..............••........ 10 
Length of road~ aurvcyed, in statute miles .....•............... - ................••........ G2 
Number of topographical sheets complete<L ...... .... ...... .... .... .... ...... ...... .... .... I 

Special hydroyraphic examinations and surveys in Nantucket and Vineyard Sounds, an<l on the 
Coa.~t of Rhode L~land.-Early in October, 18913, Lieut. J. J. Blandin, U. S. N., in command of the 
steamer EndeaDor, reached Nantncket Sound and iu accordance with instructions proceeded to 
make certain special hydrvgraphic examinations and sur\'eys required to complete the charts 
of that locality and Vineyan1 Sound. A large tripod signal was erected on tlie eastern end of 
1-'uckernuck Shoal, and after the occupatio11 of the stations on Tuckernuck and Muskeg-et islands 
the sounding work began, and was continued at every favoral.Jle opportunity until completed. 
Examinations were made off l\fonomoy Point; on Horseshoe Shoal, to the northward of Cross Hip 
Light vessel, on Edward Shoal; to the eastward of Mortons Shoal; and to the northward of 
Hawes Shoal. 'l'ides were observed, during tlie progress of this work, at Hyannis, and the gauge 
at this point was connected, by a week's simultaneous observatiorn;;, with the one at Edgartown. 
The hydrographic examinations were rendered difficult by the scarcity and distance of signals, 
the hazy co11dition of the atmosphere, and the hig-h winds which prevail at this season of the 
year. On the completion of the :Nautucket Sound work the survey of Tarpaulin Cove, Vi11eyard 
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Sound, was taken up, a careful search being made for certain reported shoal spots. A hydro­
graphic examination was then made. off Sakonnet Point, Rllode Island, after which the JiJndem101· 

returned to New York, touching at New London, New Haven, and Hempstead Harbor en route. 
On the !:Ith of November she proceeded to Baltimore; where preparations were immediately made 
for further service of the Southern coast. 

The s1iatistics of the work in Nantucket and Vineyard Sounds are as follows: 

Area sounded, in squarn geog-rapllical miles ____ ·----·----·--------- ____ ---· .... ------·-
Miles (gcograpllical) run while souu<li11g ....... ------ ------ ·----· ...... ·----· ......... . 
?\umber of anglcs rneasnred .. ---- ·----· ·----· ---- ------ ------ ·----- ---- ---- ·----- ·---·-
:Number of sonll()iugs taken ______ ·---------·--------·----------···--·-----·-----·.----· 
N111nbcr of tidal statio11s cstahlisbctl. ---- ·----- ----·- .... -----· ---- ·----· .... ------ ... . 
Number of hydrographie sheets fiuiAhed ...... - . - . --- _ ·--- ·:. ___ . _ ---· ----- ..... _ ...... . 

J.1 
~32 

2 442 
10 8!.l6 

3 
·1 

Topograph'icctl .rnrvey of Jllartltns Yincynrd~ Jlfa .. ~.~aclmsetts.-Iu the spring of 18!!7 two topo­
graphical parties, under the direction, respectively, of Assistants W. C. Hodgkins and W. 1. Vinal, 
were put in the field for the purpose of making a complete survey of l\fartlias Vineyard, l\fassa­
chusetts, the interior of the island uever llaving been surveyed by the Coast and Geodetic Survey. 
Assistant Ilodgkins organized his party at Vineyard Haven early in l\Iay, and witl10ut delay the 
delineation of the topogra1.ihical features was begun. At the close of the fiscal year fair progress 
had been made in spite of unfavorable weather conditions, and an area of about 7 square miles 
was completed. Assistant Vinal organized his party at Edgartowu ou the 7th of May, and· he 
ah;o at once begau field operations, and at the close of the fiscal ;year had completed an area 
of about 8 sq narc miles. 'l'he parties being still in the field, the full results and statistics are 
necessarily deferred, and will appear in tlie next year's report. 

Determination of the fJC<>!Jraphical position.~ of light-houses in Narragansett Bay nnd l'roi,idence 
R.ircr, Rhode Jsland.-111 ,J unc, 18!:17, Assistant D. B. Wainwright, in accordance with instructions, 
proceeded to :Narragansett Bay and Providence HiYer, for the purpose of detcrmiuing the geo­
graphical positions of light·hom;es which have been erected subsequently to the executiou of th~ 
triangulation of that locality. Iucidenta.lly lie also made some trigouometrical determinations 
desired hy the commaiHlant of Fort Adams, near Newport, It. l. The work was still in progress 
at the close of the fiscal year, and the results aud statistics will therefore appear in the next 
year's report. 

'l'ele_qraphic longitude determinations and ma[Jnctfo observations at Albany, 11: • .Y., Oambrid[Je, 
.Mass., and lllontrcal, Oanada.-To complete the scheme of primary longitude work of the United 
States and strengthen its connection with Greenwich, the lines Albauy-Cambridge and Albauy­
Moutreal were required, the latter point having l.Jce11 well determined (in 18!)2) relatively to 
Greenwich by cable excliauges of time sig11als by Prof. C. H. McLeod, of J.\lcGill Cuiversity, 
Montreal, and Prof. IL Il. 'l'urner, of the Greenwich Obseryatory, the obserrnrs exchanging stations 
in the midst of the series. Assistants C. H. Sinclair and R L. Faris were charged with the 
execution of this work, and the latter also with the determination of the magnetic elements at 
each station, aud left \VaHhington for Albany and Cambridge respectively on tlle lflth of August, 
18!1G. At Albany Assh.;tant Sinclair found the pier of 18!H, in the ground of the Old Dudley 
Observatory, still in place, erected a wooden observatory over it, completed the necessary 
arrangements with the Western Union Telegraph Company, and was ready fo1· observing by the 
22d. :Meanwhile Assistant Faris had prepared the Cambridge station, the gramte pier used iu 
the original trans-Atlantic work being used, and was also ready for observing, but on account of 
cloudy weather time observations were not obtained until the 25tll. Signals were exchanged 
between the two stations ou August 25, :!6, 28, 29, and 30, and again after the interchange of 
observers on August 31, Sevtember 1, 4, 7, and S. Assistant Sinclair tllen moved the Cambridge 
outfit to 111outreal, where Prof. C. ll. McLeod kindly placed at his disposal the observatory and 
tran_sit pier of tlle :'.\icGill University, so that no tune was lost in preparing a station, aud 
Assistant Faris remained at Albany. A1Tangernents with the \Vestern Union and the Great 
Northwestern Telegraph companies having been concluded, observations beg·an at both stations 
on the lGth. Time exchanges between Albany and .:\Ioutreal took place on September lG, 20, 24, 
~8, and October n, and again after interchange of observers, on October 10, 15, 19, 21, and 26, the 
mtervals between dates being caused by unfavorable weather: 
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After completing the line the Montreal instruments were taken by Assistant Faris to the 
New Dn<lley 01.>servatory, Assistant Sinclair remaining at the Old for the purpose of connecting 
the two, which are about 7~·2 apart in longitude. The method of conducting this work was 
slightly different from that ordinarily used, as it was desired to compare the diflerential chro­
nometer rate tlerived from the time observations, which involved the personal equation of the 
observers, with that derived from the arbitrary siguals, which is indepeudent of the observers. 
This was accomplished by exchanging signals twice during the observations of the regular star 
list and by interchanging observers 011 alternate nights. The two differential rates were found to 
disagree, but further experiments showed that the differential rate derived from the arbitrary 
signals was uniform. In all, eighteen results for difference of longitude were obtained from eight 
nights' observations, viz, October 29, 30, 31, and November 1, 2, 7, 9, 10. This completed the 
longitude work of the Reason. 

At Montreal a local triangulation was executed to connect the longitude station with l\fount 
Hoyal, wllich is a point of the primary triangulation extending northward through the Hudson 
Hiver and Lake Champlain valleys. A base 354 metres in length was measured by means of a 
steel tape belonging to the McGill University, and a gas-pipe signal 65 feet in height was erected 
on )fount Hoyal. Assistant Sinclair was also directed to occupy Mount Royal for the measurement 
of the primary angle at .that point between "Bellevue" and "Dannemora," but bad weather 
prevented the execution of this part of the scheme. 

Magnetic observations, declination, dip, and intensity, were made by .Assistant Faris during 
the progress of the longitutle work at :Montreal, in the grounds of the l\foGill University, in the 
Old Dudley Observatory grounds at Albany, and at Hon. Verplanck Colvin's 1nagnetic station, 
also in Albany. 'l'wo days' observations were made in each case. 

On the completion of the work Assistants Sinclair and Faris returned to Washington, and 
were engaged on their computations aud records until again assigned to field duty. Their further 
services during the year will be mentioned under the proper geographical beadings. 

Conti1wation of the hydrographic s11rvcy.~ to the southward of Block Island Sound and o.ff' 1lfon­
ta11 k Point, and special e.J.:aminations at var·io118 point8.-At the close of the last fiscal year the 
party of the steamer Endeavor, under the command of Lieut. W. S. Benson, U. S. N., was 
engaged on the hydrographic surveys off l\Iontauk Point an1l to the southward of Block Island 
Sound, and the progress to that date has already been reported. The work was continued during 
the present fiscal year and was completed by September 24. Lieutenant Benson, however, was 
relieved of the command of the vessel· on August 15 and was succeeded the same day by Lieut . 
• J. ,J. Blandin, who was previously serving in the party. Special hydrographic examinations were 
also made off Brightmans Beach, Rhode Island, near buoy No.14, in Fishers Island Sound, and in 
Greenport Harbor, Long Island. Lieutenant Bla11din's report of the season's work contains much 
valuable data, for the correction and bringing up to date of the charts of the localities surveyed 
and examined. 

The naval officers attached to the Endeai,·or during the season were as follows: Lieut. W. S. 
Benson (in command until August 15, 1896), Lieut. J. J. Blandin (in command from August 15 to 
close of the work), Ensign I. K. Seymour (joined the vessel September 5), Ensign C. A. Brand 
(joined the vessel August 17), Pay Yeoman C. I1ee Green, Machinist J.C. Richards, and Writer 
Elijah H. Phinney. 

The statistics of the work may be summarized as follows: 

Arca snn·eyc<l, in Hquare gl•ographwul miles .. ---·.------··--··-·-···--·---.·----··----· 373 
Miles (geographical) run whilo Hotmuiug ______ ---· --·- ---· ---· ---- -----· ------ ---· ---- - 71H 
Number of angles mca..~ured. _____ ·--·-- ------ ------ -·-- ------ ·----- ---- ------ ---- ·----· 3 :?:~!) 
Number of soundmgH taken. ___ ------··-· ____ -.·---.-----··--·-----·-----····-----·----- 10 051 
Number of tidal stations cstabllshccl .. _______ . __ . __ . _. ________ - - - - - - - . -- - - - - . - • - - . · - - . - :1 

Number of current stations occupied. ____ .-----··-----·---------·-·-----·--------···---- ·• 
Num her of specimens of bottom presen·ccL ____ .•• _________ .. ________ - .. _ - .. - - - - - - - - - - - - lX:i 
!\umber of by<lrographic sheets c·ornpletecl _______ .. _. _. - - - - - . - - - - - - - . - - .. · - - - · - - - · - - - · - ·• 

On the completion of the work the E1uleanor procee1led to Nantucket Sound for the purpose 
of' makiug further surveys and special hydrographic examinations in that locality and in Vi11e~·ar<l 
Sonu<l. 
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This work has been noticed in the preceding paragraph. 
Continuation of the topographical rcsuney of the south ".~hores of Long Island, New York.-On 

.July l, 18!)6, Assistant C. T. Iardella, in accordance with previous instructions, proceeded to Long 
Island, accompanied by Aid H. C. Denson, and organized a party for the continuation of the 
topographical resurvey along its sout.hern shores. Operations were begun July ii near Canoe 
Place, where the previous season's work terminated, a11d the survey was continued eastward to 
.Amagansett, where the party was disbanded October 15. The strip of topograplty executed 
varies from a quarter of a mile to 2 miles in width, and embraces an area of about 2G square miles, 
and was delineated OH a scale of 1-10000 on four topographical sheets. 

Tlte actual shore line and a narrow fringe of topography adjacent thereto had been previously 
snrveyed and does not therefore form a part of the present season's work. Assistant Iardella 
highly commenus the valuable service rendered by Aid II. C. Denson: who, during a considerable 
portion of the season, on account of bis chief's ill health, was practically in charge of the conduct 
of the work. 

'.rhe statistics of the season are given as follows: 

Area su rYoyed, in sq uaro statu to miles _ - - - _ - - ••... - •. - - - - - - ..... _ .... __ .. ___ ....... _ ... _. ~5~ 

Length of general coast line sun•.,yc<l, in stntuto miles_ - - - - .. - _ .. ____ . ___ . __ .. __ .... _.... 9 
Length of crook Hhore lino snn·eyod, in statuto miles ..... - - - - . - - . - - - . - ..... _____ ... ____ . _ •H 
Length of pornl shore line snrvoyo<l, iu statute mil1~H - - ... - ....... - . ____ .. __ .. ___ .... __ ... 10 
Length of rorulR snrveyell, in stntute miles .•.•• - . - . - ....... - - ....... - - - - _______ .... _ ..... 118! 
Number of topographical shoots completed._. - - ... - ... - ..... - . - ... - . - - .. - .... _ .... - . _ _ _ _ _ ·i 

Messrs. Iardella and Denson returned to ·washiugton at the close of the season's work, and 
were engaged on their oftlce work until assigned to other duty. The further field services of Mr. 
Denson will be mentioned under the proper headings elsewhere in this report. 

Continuation of the tidal reeor<l aiul the automatic tidal ·indicator at Fort HamUton, Neu· York 
Harbm·.-The self-registering tide gauge at the Fort Hamilton tidal station, established in Decem­
ber, 1892, has continued in successful operation throughout the entire fiscal year, and an unbroken 
record has been received. Tidal Observer J. G. Spaulding- has continued in charge of the station, 
and, as heretofore, has made the monthly tabulations and forwarded them with the original rnare­
g-rams to the office. Mr. Spaulding has also I.tad charge of the tidal indicator, which has continued 
to work satisfactorily . 

. Extension 'of the transcontincnta.l a.re eastward to capes Nay and Hcnlopen.-'l'be party of 
Assistant F. W. Perkins, engaged on the reconnaissance and triangulation to extend the trans­
continental arc eastward to capes May and Henlopen, took the field in the latter part of the 
previous year, and an account of the progress made to June 30, 18!)6, is given in my last, report. 
'.rhe work was continued in the present year and progressed satisfactorily until August, when an 
unusually long-continued period of unfavorable weather set in and very much retardecl the obser­
vations. Many of the lines of the triangulation were from 20 to 2s· miles in length, and these 
could only be observed on rare occasions, on accotrnt of the persistent hazy and smoky condition 
of the atmosphere. Assistant Perkins reports that the average number of days per month 011 

which observations were possible was only eight, although heliotropes, and finally night siguals, 
were used to facilitate operations. Four observers, viz, Assistants F. \V. Perkins, \V. B. Fair­
field, and John Nelson, and Extra Observer G. A. Fairfield, took part in the work, so that four 
stations were occupied simultaneously, thus much reducing the time and cost o( the survey. The 
c~clo11e which swept over tlte country in September destroyed four of. the observing towers and 
<lid much damage to tho lofty signal poles of several stations, but a judicious redistribution of 
the observers prevented any serious interruption of the observations, ahhough the labor and 
~xpenses of the construction party, under the charge of Foreman J:tsper S. Bilby, wore nrnch 
~ncreased. Assistant John Nelson was relieved from duty in the party in December, as his serv­
ices were then required in the survey of I,ake Pontchartrain. By January 20 the observations 
at all stations excepting two wore completed, and Assistant "Perkins was then grauted a furlougt 
to ena?le him to attend to personal business affairs in Europe, the charge of tbo party then 
devolvmg upon Assistant W. B. Fairfield. The weather during January and February was cold, 
stormy, and genera.Uy unfavorable for observations on high signals, but the work was finally 
completed on the 17th of February and the party disbanclod. Assistant \'V. B. Fairfield and 

()584-2 
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Extra Observer G. A. Fairfield returned to Washington, and were engaged on their computations 
and other office work, the former until l\farch 16, when he was assigned to field duty on tlte 
oblique arc in Alabama, and the latter to the close of the tbcal year. Assistant F. W. Perkins, 
on the expiration of his furlough, reported for duty on the 2d of .June, and. from that date to 
the close of the fiscal year was also engaged on the computation of the season's results. The 
statistics furnished by Assistant Perkins include the work of the whole season, viz, from April, 
189G, to February, 1897, aud are as follows: 

Area of reconnaissance executed, in t;quaro statute miles................................ 1 700 
Number of old 11oints reco\·ered . . . . . . . . . . .. .. . .. . . . . . . . . . . . .. .. . . . . . . . . . .. . . . . . . . . . . . . . 9 
Number of new primary points Helected . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 
l\'umher of towers crectetl aud reerectcd................................................ 13 
A\·erage height of towers, in feet....................................................... 100 
::\umbor of tripod signals orected and reert•ctccl........... .• . . . . . . . . . . . . . . . . . . . . . . . . . .. . 5 
Number of poles erected and recrectcd .. . . . . . .•. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . HJ 
Avernge height of poles aboYo towers, in foot........................................... 102 
Number of 8tatious occupied for horimntal directionH . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . •. . 16 
Number of directions determined ................................................... ·.... 287 
Number of points determiucd ........................................................ - . 66 
Number of pointings made ............................................................. 16 5!Ji 
Area of triangulation executed, in square statute miles .........•.................... -- . 1 !!70 

Continuation of the tidal record and the antomatic ti£lal indicator at Reedy hland, Dela1rare 
Ri1,er.-The automatic tital indicator at l{.eedy Island Quarantine Station, Delaware River, 
established iu .January, 18!lG, has continued iu successful operation during the fiscal year. The 
tidal record, by means of a self-registering tide gauge erected at the Harne station, has also 
been continued, but several bad breaks have occurred during the year. 'fhe tidal station and 
indicator are under tlie direction of Dr. A. H. Gleunan, of the l\:larine-Hospital Service. 

Teleg~·aphic determination of the diJference of longitude between lVa.~hington, D. C., and Dover, 
Del.; al.~o latitude and, magnetic deterrninations.-1n the latter part of April, 1897, Assistauts 
C. 11. Sinclair and 0. B. French were directed to determine the difference of longitude between 
"\-Vashi11gto11, D. C., and Dover, Del., connect the Coast and Geodetic Survey Station and the 
New Naval Observatory, and make incidental latitude and magnetic observatious. Ou 1\Iay I, 
Assistant 0. B. French proceeded to Dover and prepared the station in the usual manner, 
Assistant C. 11. Sinclair meanwhile occupying the Coast and Geodetic Survey Observatory. 
lJ11favorable weather prevented observations Lefore the 'ith, and the first exchange of signals was 
made on that date. Further excJ1anges were obtained on l\1ay S, n, and 15, bad weather again 
intervening from the 10th to 14th. 'l'he observers then interchanged stations, and observations 
were made 011 l\Iay 17, 18, 19, and 20. The longitude station at Dover was located in the grounds 
adjoiuiug the county court-house and was subsequently connected with the court-house cupola, 
a point of tlte primary triangulation. At Dover, Assistant French determined the magnetic 
declination, dip, and illtensity on two days (l\1ay 7 and 8), and Assistant Sinclair determined 
latitude by sixty-seven observations on seventeen pairs of stars, during four nights, using a zenith 
telescope and the Talcott method. 

This latitude and au examination of the country south of Dover for the selection of a suitable 
site for a station for observing variation of latitude will be mentioned in another paragraph under 
the head of Special Oreratious. 

On the completion of the Dover work, .Messrs. Sinclair and French determined the difference 
of longitude between the Coast and Geodetic Survey Observatory and the New Na val Observatory, 
both stations having previously been connected with the Old Naval Observatory. Signals were 
exchanged qn the nights of l\fay 25, 26, 27, and 29, and again, after the usual interchange of 
observers, on June 1, 2, and 5. Cloudy weather then setting in, the fourth night in the second 
series was dispensed with, especially as the observations obtained were very accordant and highly 
satisfactory. Assistant French then determined the latitude at the New Naval Observatory 
Station by ninety-eight observations on twenty pairs of stars during six nights, the point of observa­
tion being finally referred to the center of the clock room of the Observatory. Messrs. Sinclair 
and French were then engaged on office dnty, the former until .June :.:JO, when lte was again assigned 
to field duty, aud the latter, until the close of the fiscal year. 
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Continuation of the tidal reeorrZ at the tide-gauge station at the United States Navy-Yard, lVash­
ington, JJ. C.-The i:.;elf-registering tide gauge established iu 1891 at the 'Vuslli11gton Navy-Yard 
tidal station has been kept in successful operation throughout the entire fiscal year, and a contin­
uous record has been obtained. As heretofore, the gauge has been under the charge of tile chief 
of the tidal divisio11 of the otlice. 

Resurvey of Chesapeake Bay a1ttl tributaries-Triangulation of Patapseo !liver and npper part 
of bay from Kent Ji;land to Poolcs hland.-A resurvey of Chesapeake Bay having become 
necessary on account of the numerous aud extensive cllauges that have taken place since the old 
survey, arrangements were made to execute the work as rapidly as possible, and several parties 
have been engaged on tllis duty during the present year. The triangulation of the portion from 
Kent Island to Pooles Island and of Patapsco H.iver was assigned to Assistant D. B. Wainwright, 
who took the field early in July, 1890. As far as possible the points determined in the original 
triangulation were to be utilized, but in many cases the~e had been obliterated by the erosio11 of 
the shores, or destroyed by thoughtless or malicious persons. A sufficient numlJer, howeve1·, were 
recovered to serve as a basis for the new work and to permit of the rapid determination of 
tertiary points for the topographical and bydrographical parties. Assistant Wainwright first 
made a recounaissance of the ri\·e1· for the recovery of old points and the locatiou of new ones, 
and then erected the ne~essary signals. This was completed lJy the end of the montll, at which 
time he was joined by Messrs.RB. Derickson, F. F. Weld, and F. Douglas Sheetz, who had 
been assigned to the party as recorders. 

'rhe triangulation naturally divided itself into two classes, that of the bay, with lines of sight 
from 5 to 18 miles in leugth, and that of the river, with lines varying from 1 to ·i miles. An effort 
was made to so arrange the work that the best weather should lJe utilized ou the long lines and 
tlle shorter ones being olJserved at any convenient interval, but unfortunately the atmospheric 
conditions were uniformly unfavorable throughout the season. 'rhe thick haze which constantly 
prevailed formecl au insuperalJle obstacle to the rapid prosecution of the work and proved very 
trying to the observers. Tlie triangulation of the river from Fort Carroll to the mouth presented 
no great dilliculties, the lines lJeing short, but the bay work was much retarded by the unfavorable 
weather conditions already mentioned. The scheme of triangulation followetl very closely that of 
the original survey of fifty years ago, but in most cases the old points were not recovered. Special 
attention was given to the marking of the new stations, so as to insure as far as possible their per­
manency and consequent availability for use in the future, and positions of points were furnished as 
promptly as was practicable to the topographic and hydrographic parties working in the vicinity. 
Tlte triangulation of the bay was connected with that of the transcontinental arc by 01Jservi11g 
upon '' Linst.id" and "Clough," two stations of the latter, from four of the bay stations, an<l upou 
"'rurkey Point" and "Still Pond" from "Pooles Island.'' The whole area covered by the 
triangulation presents little relief, and in cousequence many lJuihlings and other objects which 
would coustitute natural signals for the topogTnpher are nrnsked lJy trees a11d are invisible from 
the principal stations, but as many as were practicable were determined in lieu of temporary 
artificial signals. At North Point, which is noted for its miasmatic conditions, several members of 
the party suffered from malarial affections, and Assistant vVai11wright was so ill that he was 
compelled to apply for relief from duty for a period of two weeks, aud Assistant \Y. C. Hodgkins 
was detailed to take charge of the party during his absence. The season closed on the 9th of 
December, all the work laid out for the party having been completed except a portion of the 
olJservations at ·'Millers Island" which were not obtainable on account of the leugth of the lines 
and the impenetral>lo haze. The party was disbanded, and Messrs. Wainwright, Derickson, Weld, 
and Sheetz returned t-0 \Yashington, Foreman John Keuney remaining two days longer to attend 
to the proper housiug of tl1e uaphtha launch used for the transportation of the party 011 the field. 

Assistant Wainwright in his report commends all memlJers of the party for the zeal and 
efficiency displayed in the execution of tlwir respective duties, and attrilJut.es mnch of the success 
achieved in spite of adverse·circumstances to their hearty and intelligent cooperation. 

'l'he statistics of the season's work are given as follows: 
Area of triaugulation executed, in square statute miles . _. ___ .. __ . ___ . _. _. ____ . _. __ . _. _ ... 150 

Nmuhor of signal polos erected .... -·-·---·----·----· .... ···--··--- ...... ··----···--- ..... 14 
Number of tripod und ol>sorviug scaffolds built·-·---···---------··---·------------··----. 3 
Number of stations occupiocl for horizontu1 angles. ____ .. ____ .. _._ ... ____ .·._ .... _. ___ ... ___ 14 
Nnml>er of gcographicul iiositions det01·mi11ed .. ___ ... _ --·. __ .... __ --·. _____ ---- ____ .• ___ .. 35 
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.Assistant \Vainwrigbt was engaged on miscellaneous duty at the office until again assigned 
to field dnty. His further services in connection with the laying out of the Chesapeake Bay speed 
trial course will be mcntioued under the head of Specia' Operations. 

Rf:survey of Chesapeake Bay and its tributaries-liydrorvaz1hy ht the vicinity of Baltimore 
Harbor· entmncc.-'l'he Rteamer Blake, under the command of Lieut. <Jornmander A. Dunlap, 
after the completion of surveys on the coast of Massachusetts, proceeded to CJhesapcake Bay 
for the purpose of making a hydrographical resurvey of the vicinity of Baltimore Harbor 
entrance, aud reached Baltimore on the 15th of November, 1896. Preparations for the execution 
of the survey W6re at once made, the first req uiremeut being the establishment of a tidal station; 
Bodkin Point and Seven Foot Knoll light-house, both proving unsuitable or impracticable, 
Sparrow Poi11t was finally selected, a11d there the tide gauge was set up and a reference bench 
mark establishe1l. The sounding work was then commenced and was carried on until the eud 
o1 uecember, when the severe cold weather compelled a temporary cessation. The work was 
resumed as soon as the weather conditions permitted and was still in progress at the close of the 
fiscal year. From March 17 to April 24, however, the work was interrupted by the laying out 
of the speed trial course (described under the head of Speci~I Operations), and from June 21 to 2H, 
inclusive, by the attendance of the Blake's party at the speed trial of the torpedo boat Foote. 

The statistics of the work from November 16 to the close of the fiscal year are tabulated as 
followR: 

Area 8oun<lcd, in Rquare geographical miles .•••••.••••••..••..•••....•••...•....... - -- -
Distance run while Rotm<ling, in geographical miles .•.•.......... _. __ ....... __ . __ . - . - . -
Number of augles measure<! ....•....... -.......••... __ ..... _ ................ _ .... - - - . - -
Number of so1111dings taken ................•.....•............•••••...... ---· .... ------
Numberof ti<lal stations cstahlishe<l ...... --·- --···· -·-··- ···--- ...... ---·-- ...... ·----
N um her of spocimenR of bottom preserved ..... _ - .. _ .....• ___ .....•.... - .......... - - .. -
Number of hydrographic Rhoets workc<l upon .•................ -__ ..... _ ... _ ... - ...... -

41 
828 

7 549 
41 761 

ii 

It should also be mentionerl that in order to obtain a sufficient number of points for the execu­
tion of the hydrography, it was necessary to determine them by triangulation, as many of the 
stations of the old survey have been lost or obliterated. Ten observing tripods and scaffolds from 
25 to 40 feet in height were erected, and from them and four additional stations horizontal angles 
were measured with a theodolite. 

The naval officers attached to the Blake <luring the work were as follows: Lieut. Commander 
A. Dunlap (in cornmaJHl), Lieut. ,J. A. Sherman (until January 8, when he was detached), Ensign 
.J. H. Reid, Ensign H. A. Wiley (until May 11, when he was transferred to the Bagre), Emiign F. B. 
Sullivan (from June 9 to June .'30), Ensign Powers Symington (from May 7 to June 1). 

Resun1ey o/Ohesapealce Bay-Trian[Julation anil topography of Clwstcr Riner, Jlfaryland.-Early 
in the fiscal year Assistant J. A. Flemcr was detailed to make a secondary triangulation of 
Chester Hiver, Maryland, from Deep Point to the month, to connect the same with the triangula­
tion of ()hesapeake Bay, and to execute a topographical survey over the same limits. Leaving· 
Washington on the 11th of .July, Assistant Flemer, after purcbasing in Baltimore the necessary 
signal material, proceeded to East Neck Island, Kent County, l\Id., to make a rapid reconnaissance 
and to select a suitable stopping place for his party, and was there joined on the 13th by Messrs. 
G. \V. Nelson, F. O. S. Hunter, and J. J\L Slemous, who had been assigned to him as recorders 
and rodmen. 

By July 27 the signals needed for the work were located and erected, and the observation of 
horizontal angles was begun the following day at "Deep Point" station, the uppermost one of the 
()bester Hiver series. By August 27 the eighteen stations comprising the scheme w·ere all occupied 
and "Love Point" was reached. It was expected that by the time these observations were 
completed the party under Assistant D. B. Waii1wright would lia.ve ~cached the mouth of the 
Patapsco and determined the line "Bodkin Point"-" Swan Point" as a base for the Chester 
River scheme, but delays caused by unfavorable atmospheric conditions had occurred, and the 
length an cl position of the required line was not yet determined. '.ro avoid further delay Assistant 
Flemer accepted the line "Bodkin Point"-" North Point" in lieu of the desired base, and 
reoccupied the terminal stations of his scheme for the additional angles necessary to make the 
new connection. The computatio11 of the triangulation was then made as rapidly as possible, and 
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meauwhile ::\Ir. G. \\'. Nelsou was engaged iu permanently marking the station poiuts. The 
topographical work was begun on the llith of September and carried 011 continuously until the 
2Jth of November, when the setting iu of iuclement weather compelled the clisbaudmeut of 
tbe party. Assistant Flemer, after spending the remainder of the month in making descriptions 
and sketches of the tifang·ulatiou stations, returned to \Yashingtou, where he was engaged on 
office work and computations until again assigned to field duty. In his report Mr. I?lemer st1tcs 
that the weather during the season was geuerally favorable for topographic work, but that the 
smoky and hazy condition of the atmosphere greatly retarded the triangulation, especially when 
the longer lines of the Chesapeake Bay proper were reached. 

'l'he statistics of the season's work from July 13 to December 2 are as follow:-;: 

Arca of tria11gulatiou, in square Rtatute miles ............................................. 150 
Numl>er of Hignals erectc<I. ............... ·i···· ...... .... ...... .... .... .... .... .... ...... Ji 
);uml>er of i;tatious occupied for horizontal measures...................................... 18 
Number of geographical positions det.ermine<l........... .. . . . . . . . . . . .. . . .. . . . . . .. . .. . . .. . . 27 
Area of topography surv"yed, in s1111are statute miles..................................... 1-1 
Length of river and eoast shore lino trnrvcyed, in st.ntnto miles............................ G8 
Lc11gth of pond and cretik shore lino snr,·eyed, in statute mile~ .. - . . . . . . . . . . . . . . . . . . . . . . . . . rn 
Length of roads sun-eyed, in statute miles.... . . . . . . .. . . . . . . . . . . .. . . . . . . . . . . .. . . .. . .. . . . . . 31 
Number of topographic shnnts finis hod.................................................... -1 

The resumption of the work in the spriug of 18!)7 will be found noted in LI.le next paragraph. 
Resurvey of Chesapeake .Bay-Resumption of tlw topographical sun,ey of Chester River, ,lluryla.nd, 

in the spriny of 1897.-Iu the lattei· part of April, 1897, Assistant J. A. Flemer was directed to 
resume work on the topographical resurvey of Chester H.iver, l\farylaud, aud accordingly, ou the 
4th of ::Vfay, proceeded to East Neck Island for that purpose. The party was immediately 
organized, and Boyles Landing was chosen as headquarters as being centrally located for the 
uufinisbed areas. Actual field work hegau on the 7th and was continued to the end of the fiscal 
year, at which time the party was still in tlle field and making g·ood progress. l\Iessrs. Howard 
D. Humisto11, 1.'homas E. Cottmanu, and Buford Lynch served as recorders and rodmeu, a11d Capt. 
C. L. Watkins furnished the party with transportation, all performing their respective duties in a 
very satisfactory manner. Tbe party being still iu the field, the complete statement of results is 
Hecessarily deferred, hut tbo following partial statistics showing the work accomplished to June 30 
have been furnished by Assistant Flemer: · 

Arca of topography •mrveyed, in S<JUUre st1Ltuto miles...................................... 12 
Length of riv or shore lino sun·oyed, in statute miltis...... . .. . . . . . . . . . . . . . . . . .. . .. . . . . . . . . ·10 
Length of creek shore line snrvoye<l, in statute miles...................................... H 
Length of ro:uls sun-ayecl, in stnt.t1to rnile8...... . . . . . . . . . . .. . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . '.!l 

Resuri,ey of Chesapeake Bay-'l'rilingula.tion .from the nw1tth of the Potomac Uii'er north·1card.­
lu l\farch, 1897, the :Navy Department having requested the determination of a speed trial course 
in Chesapeake Bay, the necessary triangulation was assigned to Assistant D. B. Wainwright, who 
was instructed to make the work of such a charaeter that it would be available for antl form part 
of the regular scheme for the resurvey of Chesapeake Bay, thus accomplishing a.double o~ject. 
This duty occupied Mr. Wainwright and his aid, RB. Derickson, from l\Iarch 17 to April 2;}, and 
a detailed account of the work will be found iu connection with the description of the layi11g out 
and ma,rking of the trial course under the head of Special Operations. 

Resurvey of Chesapeake Bay anil Us tl"ibutm·ics-ll!Jdrograpkic surrey of the southern branch <~/' 
Elizabeth Ri-vcr, erection and dctenninntion of signals <tt Baltimore entrance, <ind current obserrations 
a.t various points.-Early in .July, 18!)6, Lieut. E. H. Tillman, U.S. N., assumed command of thu 
schooner 'Afatchles.~, which had been rebuilt at Baltimore, and orgauized a party for the hydro­
grapbic survey of tlrn water front of the southern branch or Elizabeth River. Sailiug from 
Baltimore 011 the rnth, Norfolk was reached on the 23d, a11d tho erection of signals and the 
establishment of a -tide gauge were at once undertaken. 'l'he sounding work began on the 11th 
of August and was completed. hy the :!Gth. The statistics of this work are as follows: 

Number of miles of souuding- li11es rnn.... .... ..... . ...... .... ...... ..... ...... ...... 26~ 
Numl>er of angles measured ........................... · ................................. 1 o:;s 
N um l>cr of soundings takon ....... __ . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . .. . !! 5()<J 
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From Sep~mber 5 to October 2:~ the party was engaged in rernlering assistance in signal 
building and in furnishing transportation to the triangulation party un<lcr the charge of Assistant 
J. B. Baylor·. On the 24th of October Lieutenant Tillrnan with his vessel proceeded to Baltimore 
and immediately beg,rn the construction and determination of signals for the resurvey of Baltimore 
entrance. 'l'llis work was completed on November 16, and preparations were then made for a 
systematic series of current observations in Chesapeake Bay. The actual observations began on 
the 5th of December, but in a few days were discontinued on account of tho lateness of tho season 
and the setting in of very inclement weather. 'l'he 11/atchlesN roached Washington 011the13th of 
December :ind remained until March 16, a hasty survey of the Washington Navy-Yard water 
front being made on the 13th. From March Hi until April 18 the party assisted in tho laying out 
of tho 24~ mile speed trial course in Chesapeake Bay, a full account of which will he found under 
the bead of Special Operntions, :wd then resumed the current observations in the vicinity of 
North Point, the tide gauge for the reduction of the work being previom;ly located at Sparrow 
Point. On the completion of this station similar observations were made until June 16 at a 
station :3fi miles east of Seven Foot Knoll Light, and subsequently at a channel station nine-tenths 
of a mile east by south from Sandy Point Light. The observations at the latter station were still 
in progress at the close of the fiscal year. 

'Ihe following named officers comprised the party of the Matchless: Lieut. K ll. Tillman (in 
command), l'faval Cadet A. ,J. Wad hams, N antical Expert John Ross (detailed from the office 
August 2 to August 28), Pay Yeoman A. B. Camerden, and Ship's Writer .J. W. Clift. Pay 
Yeoman A. B. Camerden served as recorder, and Ship's ·writer ,J. W. Clift aud Carpenter's M;ite 
J\Iatt Solvin served as tidal observers. , 

Resttn1ey of Oltesapcalcc .Bay-Trianr1ulation of southern portiou.-On the 24th of July, 1896, 
Assistant ,J. B. Baylor was directed to proceed to the lower part of Chesapeake Bay, for the 
trigonometrical determination of the geographical positions of lighthouses and other inominent 
objects available for use in the topographic and hydrograpbic resurvey. Work was begun at 
Cape Henry, where both the old and new lighthouse towers were occupied, and angles of the 
main scheme were measured. A number of subsidiary points were also observed upon and 
the two towers were connected by a small triangulation, from a base of 250 metres measured for 
the purpose. 

The lighthouses at Old Point Comfort, Back River, and Cape Charles were then occupied. in 
succession, the progress of the work, however, being seriously retarded by the same unfavorable' 
weather conditions experienced by the other parties operating in this section of the country. 
The following additional lighthouses were observed upon but not occupied., as well as a number 
of prominent objects and artificial signals: Thimble Shoal, Old Plantation, Cape Charles (old), 
Newport News, Nansemond Uiver, New Point Comfort, arnl York Spit. From September 5 to 
October 23, Lieut. E. II. 'rillman, U. S. N., in command of the schooner ilfatchle.~s, assiste.d in 
erecting signals and searching for stations of the old triangulation, :rnd furnished transportation 
to the party, baving been directed to report to Assii:;taut Baylor for that purpose. 

The last observations at the new lighthouse at Cape Charles were made on ti.le Hth of 
November, and efforts to prosecute the work after this date proved futile, on account of the 
smoky an<l lmzy condition of the atmosphere. The season's worlc was therefore closed on tlie 7th 
of December, and Assistant Baylor returned to Washington, where he was engaged on his 
oflieo work and computations until again assigned to field duty. 

Latitude and magnetic determinations at Ronnrlhill and Lecsburr1, Va.-On Juue 21, 1897, 
Assistant C. H. Sinclair, in accordance with im;tructious, proceeded to Roundhill, Va., for the 
purpose of determiuing latitude and the magnetic declination, dip and intensity. Similar 
observations were t11en made at Leesburg, Va., and at the latter place stones were set to mark 
a meridian line. The magnetic observations occupied two days at each station. The latitude 
observations being primarily for the selection for tlle International Cieodeti~ Asll!Ociation of a 
:mitable station for the continued observation of variations of latitude, will be mention~d at 
greater length under tho head of ::;pecial Operations. 

Jlagnetic determinations anrl establi,y/mwnt of meridian line.~ <tt ·varioits point.~ in the State of 
Vfrginia.-On }fay 1, 1897, Assistant J. B. Baylor, in accordance with instruct.ions, proceeded. to 
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I~icbmond, Va., for the purpose of determining the magnetic declination, dip and intensit;y, and 
establishiug a meridian line for the benefit of local surveyors in testing and adjustiug their 
compasses. The ends of the meridian line were permanently marked by granite posts. 

Similar determinations of the magnetic elements were then made at Accomac Courthouse, 
Norfolk, and Greenville Courthouse, and meridian lines t->imilarly marked were also established at 
each of the points named. On the completion of this duty, on 1\lay 29, Assistant Baylor returned 
to Washington, and was engaged on office work a111l computations until the close of the fiscal 
year. 

Conti1wation and completion of the Udal record at Port Jloyal, S. C.-'l'he series of tidal obser­
vations, by means of the self-registeriug tide gauge, set up in April, lS!Ju, at the Port Hoyal NaYal 
Station, was continued during the present fiscal year until April, when it was completed. The 
tidal station was in charge of Mr. B. Vif. Weeks, who has now been transferred to the new tidal 
station at Fernandina, Fla. 

Ilydrographic rcsuney of Savannah River cntrance.-In January, 1897, the steamer }Jndcator, 
under the command of Lieut. J. ,J. Blandin, U. S. :N., having fitted out in Baltimore sailed for 
Savannah, Ga., for the purpose of making a resurvey of the outer bar and the entrance to the 
Savannah River. From .January 21 until February 8 the party was engaged in building and 
locating Rignals, determining positions of buoys and establishing tide gauges, and on the 9th 
the regular souuding work was begun. The area surveyed extends from outside the bar to 
the jetties and embraces the shoals to the northward and southward of the chaunels. The 
entrance to Calibogue Souml as far a8 Braddock Poiut was also surveyed. Considerable changes 
in the shore line have occurred since the old survey and numerous chang·es in the shoal~ to the 
southward and eastward of Braddock Point, to the southward and eastward of Daufuskie Island, 
and to the eastward of 'l'ybee Island, are reported. The grnat amount of stormy and foggy 
weather seriously retarded the progress of the work, and prevented as thorough an examination 
or the sl1oalR as would otherwise have been made, but the data secured are believed to be 
sufficient for the interests of navigation. The season's work closed on the 2flth of April aud the 
party returned to Baltimore on the 4th of l\fay. 

The stath;tics of the Savannah Hiver entrance work are as follows: 

Area so1mcled, in 1<11uare geographical mile,; .•. ____ ._ ••. __ .. ___ ......... ___ .. _ ..... __ • _. 84 
Num l>N' of miles (g11ographical) run while sounding ____ •. ___ ••. ______ .. ___ . __ . _ .• _... . 519 
Number of 11111-(leB measnre<l.- ____ ..... ___ ..... __ .. _. ____ ..•• __ . _____ .... _____ . _. _____ . ·I 526 
N nm lier of sonn<liugs taken._ •••. ____ .. ___ ..... ___ .• __ . _ .. ____ ... __ .. _ ... ____ •• __ . _ _ _ _ 27 f>72 
Nu1n1Jer of titlal stations csta.bliebod. __ ... _. ___ . ___ . _. . .. . . . . .. . . . . . . . . . . .. . . . . . .. . .. . .. .. .. .. . .. .. r> 
Number of topographic11l sheets completed ... _ ... _. __ .. - .... _. _ .... __ .. __ - - ....... _ .. . 

'l'he Endeavor is now en route to Buzzards Bay, l\Iassachusctts, having left Baltimore 
on June 28, and is now commanded by Lient. Uommander 0. F. Forse, U. S. N., who relieved 
Lieu tenant Blandin .June 18. 

Resurvey of Brunswick Bar, Georgia.-In accordance with the provisions of the river and 
harbor act of June 2, 18U6, a resurvey of the outer bar of Brunswick Harbor, Georgia, under the 
direction of the honorable the Secretary of War, by an officer of the Coast and Geodetic Survey, 
was required, and Lieut. Hobert G. Peck, U. S. N., in comwaud of the steamer Bache, was selected 
for this duty. For an account of the work see under the head of Special Operations. 

Geodetic connect·ion of the Atlantic and Gulf coasts of Ploridn.-In the latter part of December, 
1896, Assistant Herbert G. Ogden was directed to proceed to Florida for the purpose of connect­
ing the triangulation of the east coast, in the neighborhood of Fernandina or Jacksonville, with 
that of the west coast at or uear Cedar Keys. · The method of accomplisl1ing this, by a scheme 
of triangulation or by a traverse line checked and controlled by astronomical azimuths, was to 
depend upon the physical conditions of the country, and a reconnaissance was therefore necessary 
to determine which was the most feasible and practicable. l\lr. Ogden left ·washington on the 
31st of December and reachecl Jacksonville the following da~', and was there joined by Aid II. C. 
Denson, who had been assigned to the party. The old trigonometrical stations" l\foGirts Creek" 
and "Big· Creek" were recovered without difficulty, and the party was then organized on ,1 an nary 5 
at Baldwin Junction. A preliminary examination of the country developed the fact that the 
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openiug of many liJJ.CS through heavy timber would be necessary to carry out a scheme of triangu­
lation, and that the labor·and expense would cousel1uently be Yery gn!at. l<'urther iuvestigatiou 
showed that the roadbed of the railway afforded favorable opportunities for a traverse line, and. 
for direct measures of distances by means of a standardized steel tape. Some experimental meas­
ures were made over a distance of 3 miles, the tape being laid on the rails, to determine tile most 
favorable conditions, and whether by this method tile requisite degree of accuracy could be 
obtainetl. It was fouutl that the results were very satisfactory during cloudy weather, hut much 
less so during bright sunshine, and it wa~ subsequently decided, therefore, to make all the meas­
ures at night. :Meanwhile, two lines, 3~ and 4~ miles in length, had been 011e11cd from "Big 
Creek" to the raikoad, autl to save the time and expense incident to reobserving the line 
'' 1IcGirts "-:-''Big Creek" the work was based on "Big Creek" alone, the geographic positio11 
being carried forward through an astronomical azimuth measured at Baldwin. Assistant A. L. 
Baldwin joined the party on the 1st of February and Mr. H.F. Flynn about tile middle of March, 
and _both rendered valuable a8sistance in the prosecution of the work, wilich was finally closed at 
Gainesville on the 24th of April. 'rhe distance traversed from BaJdwin to Gainesville was 52 
miles, divided into kilometre sections, each section being measured at least twice. 'fhe measures 
were compared at each kilometre, and the discrepancies were generally Jess than one centimetre, 
and, further, it was fouud that the tendency throughout was for errors to compensate, the signs 
+ and - being about equally distributed. 'l'he accumulated discrepancy in tho double measure of 
the 80 kilometres was only 12·1 centimetres. Assistant Ogden states that tile greatest source of error 
in such measures is undoubtedly tl1e uncertainty in the length of the tape, and tilat if this could 
be eliminated the resulting distance would be known within its oue one-hundred-thousandtll part. 
Including this and all other known sources of error; ilowever, ho still claims that the distance 
measured is known within it.s one tilirty-thousandth part, a degree of accuracy at least equal to 
that obtainable from a small triangulation. · At Gainesville tile work was connecte<l with the 
court-house spire, which had previously been referred to an astronomical station, and the levch; 
brought up from Jacksonville were referred to the primary bench mark It of the precise level line. 
'fhe azimuth 6f the traverse line was further checked by a new azimuth measured at \Valdo, the 
agreement of the latter with that brought forward from Baldwin proving very satisfactory. 
Assistant Ogden, in his report, highly commends the services rendered hy Messrs. Baldwin, Den­
son, and Flynn, whose zeal and energy contributed much to the success of the work. He also 
acknowledges his obligations to the officials of the Florida Central and Peninsular Railroad for 
many courtesies aud privileges extended, whicil greatly facilitated the operations of the party. 

'rhe statistics of the seasou's work have been tabulated. as follows: 

Are:t of itiangulation, iu square statute mile~---· ...... ·----· .............................. 10 
Number of observing tripods nrnl scaffolds I.milt ............. ·--------- .......... ----...... 0 
Nu111ber of i;ignul poles erected .......... ----·---------·- .......... ----·----·.............. 1 
NnmbfJr of i;tatious occupied for horizontal. uuglm• _ ........ __ ............. __ . ___ ... ___ ..... li 
Number of geograpl.ticul positions <lcternlinctl ..... ___ ... _______ .....•......... _ ............ 12 
Length of <lou ble tape mea,ureuwuts, in kilometres .. _ ... _. _ ... _ .. _ ............ ___ ......... 1'0~ 

Distance leveled, with g-ratlientcr, in statute miles ....................................••.•. 70 
Numher ofar.imnths observed ................ ---- .............. ·---........................ 2 

On the completion of the work at Gaiuesdlle tile party was disbanded, and Assista11t OgcJen 
ai1d Messrs. Dcuson aud Flyuu returned to \Yashington, wbile Assistant Baldwin was detailed, 
in aci:ordancc with instructionl'l, to attend to the establil-lhment of a, tidal station and the erection 
of a self-regh;teriug tide gauge at Fernandina, Fla. 'l'he accou11t of the work will be found in the 
uext paragraph . 

.Establishment of a tidal stntion at Ferna.ndina, Fla . ...._In the latter part of April, 1897, Assist· 
ant Herbert G. Ogden, on the completion of the peninsular work above described, detailed 
Assistant .A. J,, Baldwin to attend to the establishment of a permanent tidal station at Fernandina. 
l\Ir. Baldwin reached Fernandina on the 29th, and immediately made a reconnaissance of the 
water front for the selection of a suitable site for the station, the old site at the foot of Beech 
street being impracticable because of extensive improvements about to be made, and also on 
account of t110 continued shoaling of the east side of tbe river. The most suitable site was foui1d 
to be at the south end of the Florida Central and I>cninsular Railroad wharf, at the foot of Dade 
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street, and through the kindness of the onicials of the company he was permitted to utilize this 
point. A small tide house was ereeted witliout delay, atHl the self-registering gauge was set up 
witliin it and put in working order by l\fay 8. The station was then placed in charge of 'fidal 
Observer B. \V. \Veeks, who had arrived a few days previously, and the series of observations was 
begun. A tide stafi was also prepared and fastened securely to a pile, the relation of its zero to 
that of the automatic gauge being aceurately determined. The staff was also referred by leveling 
to bench mark A, the only one of the beucli marks of 1877 still in existence, and to three new 
bench marks established by Assistant Baldwin in different parts of the city. On the completion 
of this work l\Ir. Baluwin returned to ·washington, reporting for further duty on l\lay 13. 

Oontinuation of the triangulation of the obliq1le arc in Alabama.-Early in l\larch, 1897, Assistant 
¥V. B. Fairfield was dir~cted to prepare for the resumption of the work on the triangulation of the 
oblique arc in soutllwesteru Alabama, and immediately detailed Foreman ,Jasper Bilby to visit 
and inspect the various signals, post the lamps, a!ld prepare the stations for occupation. This 
preparatory work was cpmpleted by the 29th, and on the same date Assistant Fairfield arrived 
at Mobile. Observations were begun at "Spring Hill" station on the 4th of April, but the 
progress from that date to l\1ay 15 was slow on account of the dense smoke arising from forest 
fires, which frequently made the signal lights of distant stations invisible. After this the atmos­
phel'ic condition~ became more favorable aDd the work progressed rapidly, and by June 20 the 
final observations at Fort Morg·an were completed. In order to avoid expensive cutting of vistas 
through the forests on the lines "Spring Hill"-'' Fort Morgan," "Spring Hill"-" St. Elmo," and 
"Fort Morgan"-" St. Elmo," the lights at those stations were given additional elevations of from 
24 to 45 feet, making their tot.al heights above the gTound 165 feet, 144 feet, and 80 feet, respec· 
tively. An 82-foot pole was also erected over the transit pier of the old astronomical station in 
Bienville square, l\Iobile, which was thus connected with the triangulation, as were also a 1111mber 
of prominent objects, such as church spires, etc. Owing to the carelessness of the light tender at 
"Spring Hill," two of the safety lamps were completely destroyed by fire, but fortunately 110 
serious damage was done to the signal. 

The number of stations occupied, ending with Fort Morgan, was thirteen, and the observa­
tions at the latter point completed the work originally contemplated; but, in accordance with 
supplemental· ins.tructions, Assistant Fairfield, on the 23d of Jun.e, began a search for old trigo­
nometrical points on Mississippi Sound, with a view of connecting the triangulation of that region, 
executed in 1847, with that just completed at Fort Morgan. 'l'he first points visited were" Petit 
Bois" and "Bast Pascagoula," and in both cases the search for the old stations was unsuccessful, 
the ground marks having been obliterated, the first by the shifting of the sand hills, and the 
second by the encroachment of the sea. '.l'he party being still in the field at the close of the 
fiscal year, the further account of the recovery of ol1l points and their connection with the oblique 
arc triaugulation will appear in my next report. 

In his report Assistant Fairfield acknowledges his indebtedness to J1aj. W. T. Rossell, of the 
United States Engineer Corps, who kindly furnished transportation to aud from Fort Jforgan at 
all times to members of the party, aud also for all outfit, supplies, and lumber. · 

Foreman Jasper S. Bilby performed his duties during the season in his usual thorough and 
efficient manner, and was an invaluable member of tlie party. 

l'recise lc1,cli11g in Nississippi-Yickslntrg to Jlleridian.-ln order to further connect the lines 
of' l>recise levels from New Orleans to St. Louis aud from Mobile to Odin and complete the system 
of loops or circuits introduced as checks, the line between Vicksburg and Meridian, l\1iss., was 
required, and Assistant Isaac Winston was directed to execute the work. He left Washington 
on the 2d of November, 189G, and immediately organized a party at Vicksburg. The work began 
on the Louisiana side of the river, and the first operation therefore was the leveling across the 
stre~m, and this was much facilitated by the courtesy of l\1a:j. ,J. H. \Villard, United St~tes 
Engmeers, in charge of the improvement of navigation in that region, who kindly placed boats 
and a small steamer at the disposal of the party. The river crossing was made in the usual 
mam1e1:i repeated observations in both directions being made to eliminate the effect of atmospheric 
refract1011, and the method of observing throughout the line of levels was that customarily 
followed, viz, that known as the double simultaneous line method. The starting point on the 
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Louisiana shore was bench mark 211, established by Assistant J. B. Weir in 1880, and various 
bench marks established by .i\1ajor Willard's party on both sides of the river were connected with. 
'fhe line from Vick burg to Meridian followed the roadbed of the Alabama and Vicksburg Railroad, 
and no special difficulties were encountered. Permanent bench marks were established in all 
towns and villages where a suitable place could be found, and these are all carefully described in 
the records. The use of the velocipede cars, kindly permitted by the railway officials, greatly 
facilitatell the rapid progress of the work and added to the comfort of the party. 

1\Ir. \-Villiam Bowie served as recorder from the beginning of the season until December :n, 
when he was assigned to other duty. He was succeeded by Mr. 0. B. Strong, who served to the 
close of the season. 

The line was completed to Meridian, a distance of 236 kilometres, by February 7, aud the party 
was then disbanded and Assistant 'Winston 'returned to Washington, where he was engaged on 
his office work and computations until directed to resume work in Kansas on the transcontinental 
line of levels. Mr. Winston in his report expresses his high appreciation of.the courtesies extended 
hy Maj. J. H. Willard and the valuable assistance rendered by Assistant Engineer G. 0. Haydon 
in making the river crossing·. 

The principal statistics of the work may be briefly stated as follows: 

Len~th of <loublo lino lovele<l, in kilometroH .•....... __ ... ____ . ____ . __ . ___ ... _ .•• --·. - .. -- 236 
Number of permanent bench marks establi8he<L ....... __ --·. ____ ......... ___ ... __ -·. - - -- . 33 

'fhe p1·evious an<l subsequent services of Assistant 'Winston on the Kansas leveling will be 
mentioned elsewhere under the proper geographical headings. 
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ABSTRACTS OF REPORTS FROM FIELD PARTIES, FISCAL YEAR 18B7. 

l\IIDDLE DIVISION. 

STA'l'ES AND 'J'EitRITORIES BETWEEN THE MISSISSIPPI RIVER AND 'l'HE ROCKY }fOUN'l'.A.lNS. 

28. Minnesota. 
29. North Dakota. 
30. South Dakota. 
31. Iowa. 

32. Nebraska. 
33. Missouri. 
34. Kansas. 
35. Arlrnnsas. 

31i. Indian Territory. 
37. Oklahoma 'ferritory. 
38. Louisiana. 
3!l. Texas. 

Progress Sketches, showing the localities of field work in the :Middle Division, will be found 
at the close of Part I. 

Survc11 of Lake Pontchartrain, Louisiana-Triangulation, topography, and hydrography.-In the 
latter part of December, 1896, Assistant P.A. Welker, in accordance with pi:evious instructions, 
proceeded to New Orleans, La., and organized a party for the continuation of the survey of Lake 
Pontchartrain. The schooner Qniclc and a naphtha launch were turned over to his charge, and 
Assistants .John Nelson, H.. L. Faris, and F. A. Young, and Hecorder .Tobu Lord Nisbet were 
assigned to the party. 

The field operations began early in .January, a detached party under the charge of Assistant 
Nelson, with quarter8 on shore, executing the topography in the vicinity of "\Vest End, Frenier, and 
H.ucl<lock, and the main party on the schooner operating in other localities. The weather was 
unusually stormy, rainy, and foggy, and much delay was thereby occasioned, but by February 17 
the topography from West End to Pass l\fanchac was completed. By the end of Fcbrnary the 
bydrographie signals were erected and the sounding work was in progress. This work was also 
much delayed by the continuance of unfavorable weather. and frequently signals were washed 
away by the high water in the swamps and the heavy seas of the lake. On one occasion the 
naphtha. launch was swamped, and sank in 12 feet of water, but was subsequently raised without 
serious damage; a plane table and alidade, however, were not recovered. Lake Pontchartrain is a 
large body of water, and in severe storms, which are frequent at this season of the year, the seas 
are quite heavy. Work was carried on on m;iny days at considerable risk, but, as Assistant Welker 
states in bis report, without rmming such risks but little could liave been accomplished. The 
hydrography was discontinued at the entl of April, and the remainder of the season was spent in 
determining points for the continuance of the work to the eastward next season. Tides were 
observed at three stations during the progress of the hydrographic work, self.registering gauges 
having been erected at West End and Pass Manchac and an ordinary staff gauge near the mouth 
of Bayou le Branche. On May 15 the party was disbanded and Assistants \.Yelker, Nelson, Young, 
and Faris returned to \Vashingtou, and were engaged on their ollice work m1til again assigned to 
field duty. 

Jn his report Assistant Welker acknowledges the vahrn.ble and efficient service rendered 
during the season by all members of his party. 
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'rhe statistics of the season's work are as follows: 

Arca of triangulation, in square statute mil"s ........ ------ ---- ---- ------ ------ ---- ... . 
Number of signals erected ---- ---- ____ ----. --- ___ . ___ .. _____ ... ___ ... __ .. _____ ---· .... _ 
Number of geographical positions dotermincd ____ ... _ ...... _ ..... _. ___ . ____ . __ .. __ .... . 
Arca of topography surveyed, in s11 uare statute miles ... __ ... _ . ____ ... _ .. _. _ . _ ... _. _ ... . 
Shore line oflako surveyed, in statute miles .. ___ .---- ... _-------·_ ........... ___ ... __ .. 
Shore line of bayous suryeyed, in statute miles __ ....... __ ......... __ ...... _ ....... _ ... . 
Length of roads surveyed, in statute miles .. __ . _ . ___ .. _ .. ___ ...... _ .............. _ .. - .. . 
Number of topographical sheets finished ____ ... _. _. _ ... ___ ........... _ ............ _ ... _ 
Area sounded, in square geographical miles . _. __ . __ ..... _ .. __ ......................... . 
Number of miles (statute) run while sounding ... __ .. _. __ .... _ .......... __ .. _ .. _____ ... . 
Number of angles measured ..••.... _--· ___ ... ____ .. ___ ........ ____ ....... __ ._---- .. - .. . 
Kumber of soundings taken-------- ...• ---- __ .--·---------- __ . __ .·--- .. ______ ---··-- - - . 
Number of tidal stations established __ ...... ___ . __ .... ____ .... ---- ------ ___________ . - .. 
Number of hydrographic shoets tinished .. ---·. ·- --·. _. _______________ ... _____ .. _ --· - ... 

5 
3 
2 

60 
:{8 
77 
2l! 
4 

200 
1 0-10 
1 454-

46 724 
a 
2 

At the close of the fiscal year Assistant Welker was at Salt Lake City preparing for recon­
ua1ssauce and trian.gulation in the States of Utah, Nevada, and Idaho. 

H!Jdrographic survey at the mouth of Brazos River, Texas.-See under head of" Special opera­
tions." 

1lfaynetic observations at various points in the Centrtil and Northwestern Stntes.-At the closing 
of the last fiscal year Assistant R L. Faris was engaged in determining the magnetic declination, 
dip, and intensity at various points in the Central and Northwestern States, and my last report 
gives a list of twenty-four stations completed by June 30, 189G. The work was continued into the 
present .fismtl year, five additional stations in l\iontana and North Dakota being completed by 
.July 15, when the season's work closed. 

'.l'he five stations occupied this year are Havre aml Glasgow, l\Iont., and W~lliston, Itngb_y, 
and Pembina, N. Dak. One or two days' observations were ·made at each statiou, according· to 
the requirements, together with the necessary determinations of time, latitude, and azimuth. lt 
was intended that the longitudes should be determined chronometrically, but on reducing the 
observations it was found that the ''traveling rate" of the chronometer was too variable and 
uucertaiu, and the values had therefore to be derived from the best authenticated maps of the 
General Land Office. 

All stations wern so selected as to be free from local artificial disturbing causes, and were 
carefully marked, and their descriptions have been filed in the archives of the Survey for future 
refere11ce. 

Mr. Faris, on the completion of the field work, returned to \Vashiagton and was occupied 
until August 17 in computing the results. In this he was aided by Assistant A. L. llald win. 

Continuation of t!te tra1uwontincntal line of precise levels in KansaB.-As stated in my last 
report, Assistant Ieaac Winston, under instructions to resume the work on the transcontinental 
line of levels, reaehed Salina, Kans., on June 30. 

The party, consisting of a recorder, two rodmen, and two hands, was at once organized and 
active operations began July 2. 'rbe route followed was along the Union Pacific Hailroad, and the 
usual practice of locating permanent bench marks on suitable buildings in the t-0wns and villages 
alo11g the route was followed. The m.;e of the velocipede cars for the transportation of the party, 
and the tent observing car described in a previous report, was not permitted by the railroad officials, 
and this caused considerable delay and i11co11venience to the party. The strong winds that so 
pei·sistently prevail in this region also caused much delay and occasionally prevented work 
entirely. A large umbrella was used as a wind-break, as well as to shade the in::;trurnent from 
the sun, and it was frequently necessary during observations to steady the rods by means of guys. 
During the progress of the work connection was made with the two ends of tlie "Hussell I.Jase" 
and with two other stations of the transcontinental tl'iangulatiou along the thirty-ninth parallel, 
thus furnishing a valuable chl!ck 011 the elevations determined through the triangulation by 
vertical angles. The river-gauge bench mark of the United States Geological Survey, at Ellsworth, 
was also connected with the line of level::;. On the 10th of September the season's work closed 
at Ellis, Kaus., a distance of 187 kilometres from Salina. 

Assistant vVinston, after the disbandment of the party, proceeded as far westward as Denver 
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for the purpose of examining the facilities available for the further prosecution of the line and 
determining tlie party outfit requisite. 

The country is sparsely settled aud at many points it will be diflicnlt if not impossible to 
secure lodging places for the party, and the use of' tents will probably be a necessity. At Denver 
Mr. Winston arranged for the preparation of stone bench marks for future use, an<l then returned 
to Washington by way of Omaha, stopping at the latter place to confer with the railroad officials 
in regard to the use of the velocipede cars. 

Mr. B. 0. Strong served as recorder dnring the season, and l\Iessrs. 0. C. Orew and H. 'V. 
Wagner as rodmen. 

The statistics of the work are as follows: 
Number of kilometres of donblo lino completed ........................................... 187 
Number of permanent bench marks estahlishecl. ................................ :. . . . . . . . . 20 

The snl>sequent services of Assistant Winston in :.\-lississippi and Kansas are noticed else­
where in this report. 

Resumption of the transcontinental line of precise levcl8 in Kan8as in the spl"ing of 1R97.-0n 
June 7, 1897, Assistant Isaac Winston, in 'accordance with instructions, left Washington and pro­
ceeded to Ellis, Kans., for the purpose of continuing work on the transcontinental line of precise 
levels. A party was at once' organized, and l>y the end of the month 44 kilometres of double line 
were completed. The party l>eing still in the field at tbe close of the fiscal year, tbe results of 
the season's work will be given in the report for 18!.18. 

Transcontinental geodetic w01·k-Jlfea.mrernent of the "Sa.Una base," Jla.nsas.-At the close of 
the fiscal year 1896 the party, under the direction of Assistant F: D. Granger, hatl completed the 
trigonometrical work necessary to connect the "Salina lJase" with the main transcontinental 
triangulation, and the clearing, grading, and general preparation of the line and the actual meas­
urement of the base was then in progress. 'l'he base measure, supplemented by astronomical 
observations for time, latitude, and azimuth, was continued <luring the present fiscal year until 
August 11; when, the work being satisfactorily completed, field operations in this locality closed 
and the party was assigned to other duty. 

The l>ase line is located in the valley of the Salina l{iver, about 80 feet :q.orth of and nearly 
parallel to the track of the Union Pacific l{ailroad between Salina and New Cambria. Its west 
entl is situated in North Salina, on land owned l>y the city, and its east end about a mile west of 
New Cambria, on private property, the length of the line being a little overG~ kilometres. Begin­
Hiug at the west end, the line crosses a wheat field and enters the Sali1ia aud New Cambria wagon 
road at a lJOint 870 metres east of" West Base,'' then follows along on the north side of the road for 
a distance of 5 165 metres, and finally crosses 517 metres of cultivated land to "East Base." The 
general character of the ground is smooth and hard, and at no point is it much broken or very 
irregular. The direction of the line from "West Base" is north Ci8°·36' east, and the land slopes 
gently to the east, the diflerence of elevation of the base terminals being 20 feet. At a distance of 
6 110 metres from" West Rase" a small gully had to be bridged over, owing to the wet and muddy 
condition of the ground, but no other obstructions were met except near the east entl where some 
wire fences were encountered. Section stones were set at distances of 1 kilometre throughout the 
line and carefully aligned. These were limestone posts 2 feet long an<l G inches square, aud were 
~et in cement, with their tops 4 inches below the surface of the ground, and in tho top of each 
stone was inserted a copper bolt with fine cross lines drawn upon it~ head. Preliminary measures 
of the base were made with a.steel tape and the grades were acenrately determined l>y lines of 
levels; the final measures were made with the secondary contact.slide l>ars Nos. 13 and 14, which 
had recently been restandurdized by the Ollice of Standard Weights and Measures. Intense beat 
and frequent rains interfered with the rapid prosecution of the work, the former cause finally 
tiecessitating the abandonment of afternoon operations and working only from early morning 
until noon. 

Two satisfactory measures were completed l>y .Tuly 23, and the ends of the base were then 
marked by suitable monuments. 

The underground marks (at each end of the base) are cross lines on the heads of copper 
bolts inserted in stone posts and sunk 2~ feet below the surface of the ground, and the surface 
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marks are similarly marked copper lJolts inserted in liliiestone bloek::i 33 inches square lJy 25 
illches high. '£hese monuments rest in concmte lwds placed (j inches alJove the subsurface marks, 
the concrete l>l~ds having central apertures 8 inches square so that the underground marks may 
be readily accessible when necessary, and each monument bears on its upper surface the i11scrip­
tion U.S. U. & G. Surrny, 18DG . 

.After the completio11 of the lJase measure, time, latitude, and azimuth determinations were 
made at" vVest Base," and lines of levels were run to connect west and east bases with the nearest 
lJench marks of the transcontinental line, located at Salina and New Camllria, respectively. 
Assistant Granger then reduced his party and proceeded to execute a reconnaissance in Nellraska 
aud northern Kansas, which will lJe treated of in another paragraph. 

On the Salina base work l\Ir. Granger was assisted by Assistants "\V. C. Hodgkins, A. L. Bal<l­
win, and E. 13. Latham, aml Foreman E. E. Torrey, and all performed their various duties in a very 
satisfactory manner. On the couclusion of the work Messrs. llodgkius and Baldwin returned to 
Washington, and Messrs. Latham and Torrey accompanied Assistant Granger on the Nebraska 
reconnaissance. 

The statistics relative to the lJase measure are as follows: 

Nu1n1Jer of measures of the base hy Heco1Hlary ])arH . .. ____ . _. _ ... ___ ....... __ . _. _ .. -- . . 2 
Number of measures of the base by steel tape---- _________ ------ ____ ------ ______ ------ 3 
Length of base, in kilowetres ••.. ____ ---- ----. ____ . ________________________ .. ______ - _ _ 6 ·55+ 
Length of lines of levels run, in kilometres __________ . _ _ _ _ _ _ _ _ _ _ . ____ . _______ . ___ - - - - Hl 
Number of time, latitude, and azimuth stations occupictl ______ . _______ . _. _______ - - - - - - 1 

Reconnaissance in Nebraska and northern Kansas.-Under instructions of July 14, 189G, Assist­
ant F. D. Grauger, Oil the completion of the Salina llase measurement in August, proceeded to 
make a reconnaissance through N elJraska aud northern Kansas for the purpose of laying out a 
suitallle scheme of triangulatiou for the determiuation of points for State surrnys in the former. 
Accompanied by Assistant E. B. Latham, Mr. K E. Torrey, and a driver, Assistant Granger left 
Salina on the 17th of August, his outfit consisting of two horses and a wagon, and tlre necessary 
instruments. Later in the season this was increased lJy an additioual wagon and pair of horses. 
A wide belt of cou,ntry in the vicinity of the ninety-eighth meridian was examined as far north as 
O'Neill, the principal points touched at en route lleing Minneapolis, Glasco, Beloit, and Maukato 
in Kansas, a11d l{ed Cloud, Blue Hill, Hastings, Grand Island, Elbe, St. Paul, Brayton, Loup City, 
Ord, Ericson, Bartlett, Albion, Neligh, Ewi11g, and O'Neill, in Nebraska. 'l'he fact was developed 
that a fair scheme of triangulation southward from Niobrara, on the northern Nebraska boundary, 
to the transcontinental liue, was practicalJle, but that tlte country soml·what to the westward was 
more favoralllo and ottered better facilities for larger figures. The general character of the country 
traversed is rolling, but here and there, especially in the vicinity of tbe rivers, wide belts of sand 
are encountered, and between them areas of clayish soil. The sandy regions abound in clusters of 
sand dunes, varying in height from a fow feet to 75 feet. The:se hillocks are of a sliifting nature and 
are principally found near and to the southward of the numerous streams which flow in an easterly 
direction through the State. "Blowouts," as they are locally termed, are noticeable in many of 
these hillock1:1, usually Oil the west and northwest sides, sometimes attaining a depth of 15 or 
:!O feet and doubtless frequeutly resulting in the complete demolition of the dunes. A growth of 
rank grass teuds to preserve the hillocks in the forms tbey have assumed until a "blowout" is 
started at some vulnerable point by an unusually severe wiud, and then the excavation increases 
rapidly until the close of the windy season, when a fresh growth of grass may check it tempo­
rarily. About 25 per cent of the land in the clayish sections is under cultivation, the crops being 
principally beets, corn, wheat, oats, and millet, and vast qu:111tities of bay are cut from the 
meadow lands adjacent to the streams. Clusters of cottonwood t1·ees are found in the meadows 
and along tbe lJorders of streams and seem to thrive well, lJut on the prairies proper, 100 or 200 
feet al.love tbe level of the river vallt,ys, few trees are found, and those of stunted growth. The 
southern portion of th(l State of Nebraska is quite well settled and fairly well supplied with traus-
1mrtation facilities, but farther north, between the North Loup and Elkhorn rivers, through the 
counties of Greeley, -wheeler~ Garfield, and Holt, the means of transportation are meager, and the 
country is sparsely settled. The principal streams crossiug the parts of the State examined are 
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the Blue, Platte, South Loup, North Loup, Elkl10rn, Niobrara, and Missouri rivers, and all of them 
ffow iu an easterly direction. 

'l'he preliminary examination ended at O'Neill in the l~tter part of September, and Assistant 
Granger then slowly retraced his steps, selecting tlie points most available for the scl!eme of 
triangulation and determining· the approximate distances and elevations. A scheme was finally 
perfected as far south as Lowell-Prosser, the average length of the triangfo sides being ~O miles, 
and only one point requiring a height of signal as great as 50 feet. Assistant Granger also selected 
a site for a base line in Nebraska, au admirable location being found between the towns of Gibbon 
and Sheldon. The proposed line is about 92 kilometres in length aud lies north of aud parallel 
to the track of the Union Pacific H.ailroad. 'fhe ground is smooth aud the grade slight and 
uniform, the difference of elevation of the base terminals not exceeding 15 or ~O feet, and 
moreover, the simplicity of the conuection with the triangulation scheme is all that could be 
desired, no auxiliary stations being required for expausiou. Assistaut Granger found that this 
::;ite presented so many advantages, and was so much superior to any other that could be found 
farther north, that he strongly recommends its adoption, although the distance from tile Salina 
base is less than was desired, viz, 135 miles instead of WO. 'l'he season's work closed on the 
9th of November and the party was disbanded, Assistants Grauger and Latham returning to 
Washington where they were eug·aged on oftice work until again assigned to field duty. Assistant 
Granger in his report highly commends the service rendered by Assistant Latham and Mr. E. 
E. Torrey, throughout the reco1mai::;sauce. 

'l.'he statistics of the work are a::; follows: 

Area reconnoitred, in square statute miles ................ ·----··-·--· ....•. ·----·--·-·- 2 680 
Lines of intervisil>ility dctcr1nine<l . .. __ . _ .... __ .... . . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 5 
Nn1u her of points sclectnd for the triangulation schc111lL......... .. .. .. .. .. .. .. .. . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 22 
Length of\Jase line selected, in kilometres ......... --·· ............ ·----· .... ·----··-·- 9~ 

}1,csnmption of the reconnaissance in Nebraska and nortlu:rn Kansa.~ i11 the spring of 18.'J7.-Ear1y 
in April, 18!}7, Assistant F. D. Oranger made arrangements for the continuation of the Nebraska 
and Kansas reconnaissance, and by the 10th the party was organized and active field operations 
begun. Starting from the line Lowell-Prosser: the southernmost points of the previous sea.sou's 
work, the reconnaissance was carried through southern Nebraska and uortheru Kansas until a 
junction witll the t.ranscoutinental arc at the stations Meade's J{anch and Waldo was effected. 
'l'llis was accomplished by .June !W and immediate preparatious were then made for the execution 
of the triaugulatiou. 'J'he erection of the necessary signals at Waldo, Meade's Hauch, Dial, Kill 
Creek, Lawrence, and Old Well was begun and was in progress at the close of the fiscal year. 
Assistant Granger has submitted complete reports o,f the work execnte<l, accompanied by sketches 
showing the scheme of triangulation laid on t from the reconnaissance, the approximate elevation 
of each point selected, and the height of signal necessary to secure intervisibility and ensure 
rapidity of the angnlar measures. Foreman E. B. 'l'orrey i::; agaiu serving in the party in his u::;ual 
efficient and hig·hly satisfactory manner. 'l'he party being still in the Jield the details of the 
triangulation work must be deferred until my next report, but the reconnaissance being completed 
the statistics relating thereto cau be given, as follows: 

Arca rc<"onnoit.rod, in sttnure statute rnilPR .••... ---· --·· ··--··· ---·-·------ •••• ·-···-·--· 1740 
Lin1·s of intnr\"isibility determined .... ··--··---·--··-···-·-· .....•.... ·----- .•.... ·----- 5 
N11111\Jer of points selected for the triangulation scheme ...... ·----· .... -·---·--.......... 14 
Num \Jer of signn.l poles erected .. ___ . _. __ . ____ . ___ . __ . _ . _. _ .. ___ . ___ ... _. _. __ . _ ... ___ • _.. 1 

~umber of ob1::1crving tripods and Hcu.ffolcls Luilt. ....... ........ ...... ...... ......... ....... ....... ........... 2 

'J.' ranscontinental trianr1ulation-Afoa.mre111ent of the "Versailles base'," .illissouri.-In May, 1897, 
Assistant A. L. Baldwin, in acconlance with iustrnctions, proceeded to Versailles, Mo., for the 
purpose of measuring a verification base line for the <>Teat transcontinental arc. The base line . . ,.., 
was ongmally laid out in 1878 by Assistant ,J. A. Sullivan aud its terminals were occupied 
a.s primary stations in 1880 by Assistant F. D. Granger, but it had never been measured. It is 
situated 011 the divide between the Missouri and Osage rivers, and near tile town of Versailles, aud 
forms a side of one of the figures of the transconti11ental chaiu of trialigulation. Its leugth is 
about 7 650 metres. 'J:he measurement was made by means of a standardized 50-metre steel tape, 
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and in the work Assistant Baldwin was aided by .Assistant R. L. Faris, Computer H. F. Flynn, 
and Recorders D. ·w. Baton and J>aul F. Ehrhard. The leveling for profile of the line and also 
for its connection with the nearest bench mark of tho transcontinental line of levels, 20 miles 
distant at Tipton, Mo., was executed by Messrs. Flynn and Eaton. Marking stakes were set up 
throughout the line at distances of 50 metres, with intermediate support stakes for the tape. 
These were all carefully aligned, and adjusted as to elevation, and a constant tension, regulated 
by a standarized spring balance, was applied to the tape throughout the mea~mres. The meas­
urements, one iu each direction, were made at night, so as to secure the most favorable conditions, 
but 3 kilometres were subsequently measured also by day, in order to deduce the relative effects 
of rising and falling temperatures. One kilometre of the line was also measured three times 
by means of the secondary base bars, so that the constancy of the valne of the tape could 
be frequently tested. The base measure was satisfactorily completed by June 30, when the 
party was disbanded and Assistant Baldwin returned to Washington. :Messrs. Faris and Flynn, 
in accordance with instructions, remained behind for the execution of a reconnaissance to the 
southward of the Versailles biise. This work belonging entirely to the next fiscal year will be 
treated of in my next report. 
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ABSTRAUTS OF REPORTS FROM FIELD PARTIES, FISCAL YEAR 18~)7. 

WESTER~ DIVISION. 

ST.A.TES AND 'l'ERRITOIUES BE'l'WEE~ THE ROCKY :\IOUNTAIN8 AND THI~ PACIFIC. 

40. California. 44. Montana. 48. Colorado. 
H. Oregon. 45. Wyoming. 49. Arizona 'l'erritory. 
4~. Washington. 4u. Nevada. rm. New Mexico 'l'elTitory. 
43. Idaho. 47. Utah 'l'erritory. 

Progress Sketches, showing the localities of field work 
the close of Part I. 

in the Western Division, are given at 

Continuation of the topographic res1w1:ey of San Fra.ncii;co Bay and Harbor.-Thc topographic 
resurvey of San Francisco Bay and Harbor was continue<l during the greater part of the year 
under the general direction of Assistant A. F. Hodgers, tlrn party being under the immediate 
charge alternately of Mr. Ferdinand Westdahl or Assistant Fremont :Morse, as the execution of 
other duties permitted. Good. progress was made until the end of December, when the field 
operations were temporarily suspended on account of inclement weather. The work was again 
resumed al>out the middle of l\Iarch and continued to the close of the fiscal year. The incidental 
triangulation to determine points in San Francisco and San Pablo bays for the topographic and 
hydrographic parties was executed at various tlmes by Assistants .l. J·. Gilbert and E. F. Dickius, 
as opportunity occurred, they being also occupied with the computation, etc., relating to their 
own field work elsewhere. 

Assistant Gilbert also in February and March ran a line of spirit levels from the bench marks 
at the Union Iron Works to the southern extremity of San Francisco nay, establishing interme­
diate bench marks at South ~an Francisco, Milbrae, Burlingame, San Mateo, Redwood City, Palo 
Alto, Ravenswood, Alviso, and San Jose, and in April began a line of levels from Sausalito to 
Benicia. 'l'he former line embraced a distance of 56 miles, and the latter, to the point reached by 
Assistant Gilbert, of about 40 miles. 'fhe leveling work was suspended April 24 to enable 
Assistant Gilbert to prepare for the resumption of his regular field work in Washington Sound, 
but the line was subsequently completed by Mr. F. \V. Edmonds. 

The statistics of the San Francisco Bay work, tria11gulatio11, topography, and leYelin~ are as 
follows: 

Arca of trinngnlatiou, in square statute miles ..••.....••......... _ .......•.•..........•... 150 
Number of siguals erected .................. ' .............................................. 28 
Number of stations occnpie1l. ..•.........•.•.................. _ .......... _. .• . .• . . . . .. . . . . 29 
Number of objects determinc1l. ............... _ .... _ .....•.......... __ ................... - !J.1 
Arco. of topogra,phy"surveyecl, in sqnnro stntuk miles ..•......... _ ......... _.............. !J7 
Leugth of gonoral shoro line surveyed, iu stittute inilmL. _ ...... __ ...... __ .. ___ ................... __ .. 22 
Length of g-<meral shore lino of creeks and sloughs, in statute mifos ...................... _. 262 
Length of roads nml railroaclH snrvoyod, in sta tu to miles ... _ .......... _ .............. _.... 102 
DiHtn.nco lcYclecl, in statute miles .....•. • ....................................... ___ ........ lHi 

Assistant Hodgers also retained charge during the year of the sulJoflice at San Francisco, but 
fo~ short periods, when absent on other otllcial business, was relieved temporarily by Assistants 
Gilbert or Dickins. He also had general charge of the tidal olJservations at Sausalito station, 
t~e const~uction and determination of the new observatory at Presidio, the construction of a uew 
tulal station at the same place, and served for a time as member of the Santa Monica-Sau Pedro 
Deep Water Harbor Boa.rd. During the year the following operations or inyestigations in addition 
to those already mentioned were carried on: In October Mr. Ferdinand Westdahl was detailed to 
determine the positions of reported rock breaks in the sea approaches to Coquille H1ver, Oregon. 
In December, at tbe request of the pilot commissioners of the port of San Francisco, Mr. Ferdinand 

6584--3 
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. . 
W estdahl and Assistant 0. B. French made an examination of the "Cestissima Hock," in the 
Bonita or North Channel. In February, at the request of Col. W. I~. Shaffer, U. S. A., command­
ing at the Presidio, Assistant Fremont Morse was detailed to determine the geographical position 
and elevation of the Lewis range finder, located on the heights above the l<'ort Point. In Apnl 
Assistant E. F. Dickins was detailed to assist Lieut. James l\l. Helm, U.S. N., commanding the 
steamer McArtlwr, in determining range stations to be used in determining compass deviations. 
In the same month .i\lt. Frank W. Edmonds, at the request ot' Capt. Sedgwick Pratt, U. S. A., the 
corumaudiug oflicer at Fort Mason, was detailed to run a line of levels from the b~nch mark at tlle 
Presidio to one located 011 the parapet of the fort. In May Assistant K F. Dickins was detailed 
to determine stations for a 1-mile tria I course for naval vessels iu the viciuity of Ange~ Island and 
Bluff Point, San Francisco Bay. 'rhe tidal observatious at Sausalito and the Coquille Hiver 
examination are mentioned more fully in separate paragraphs. 

Continuation of the hydrographic resurvey of Sa.n l?ninci.~co Bay and Ha.rbor.-The hydrographic 
resurvey of San Francisco Bay and Harbor was continued during the year by tlie parties of the 
steamers Gedney and McArthiw, the former under the command of liieut. Commander A. P. 
Osborn, U.S. N., and the latter under the command successively of Lieuts .• James H. Sears and 
J. M. Helm. 'rhe triangulation for the determination of the necessary points for the survey was 
executed by Assistants J. J. Gilbert and E. F. Dickins, who were detailed for that purpose by 
Assistant A. F. Rodgers. 

The steamer Gedney was engaged ou the resurvey of San Pablo Bay from July 6 to November 
17, 1896, when she proceeded to Oakland for repairs. From December 13, 18!.IG, to February 27, 
1897, the party was engaged. under the direction of the Santa Monica-San Pedro Deep Water 
Harbor Board, in making a 11ydrographie examination of San Pedro and Santa 1\Ionica bays and 
a hydrographic survey of the imrnr harbor of San Pedro. On the completion of this work the San 
Pablo Bay survey was resumed, but was again discontinued on l\fay 11, for the plll'pose of laying 
out a 1-mile speed-trial course in San Francisco Bay. 

On June 21 the Gedney was, by the direction of tlie honorable Secretary of the 'rreasury, 
placed at the disposal of the president of the Leland Stanford University for the purpose of 
carrying a party of scientists to Guadalupe Island, on the· northwest coast of Mexico, to investigate 
the seal rookeries in that region. This duty was completed by July 1, and the party then returned 
to San Francisco. 

The statistics of the Gedn.ey's work in San Pablo Bay are as follows: 

Arensonnded, in square geographieal miles ...••. ·-----·--·-· .... ·-·-·-----·----·-----· 
Distance rim whihi sounding, in geographical milcH .. _ - - ____________ . ___ . ____ . - -- - - - - -

Number of angles measured _______ ··----···--····---·-----·-·-··------·---------------
Number of soundings taken.·------·----·--· .... ----··---·------·---·-----·------·----
Number of tidal station!! establishetl ------ ···--· ·----· ---- -··-· ·----· ...... ·----- ------

2·1 
904. 

9 728 
36 059 

Number ofhydrographic sheets complete<).------·-·-------·------··--·---- .... --···--- 1 

'l'be statistics of the Santa Monica and San Pedro surveys will be given under the head of 
Special Overations. 

The steamer 1llcArthur was engaged on the further development of Bonita Channel and the 
Golden Gate, that portion of San Francisco Bay between the city and Alcatraz Island on tlte west 
and Oakland and West Berkeley on the east, and since the middle of April, 18!l7, on the eastern 
shore of the bay betwee11 Thompsons Landing and Potrero Point. A number of dangers to navi­
gation were discovered and located, and numerous ranges in and about San Francisco, for use in 
the determination of compass deviations, were established. 

'rhe statistics of the McArthur'.~· work have been tabulated as follows: 
Area sonndc<l, in square gcogmph ical mi Jes ...... __ . _____ .. ___ .. - .. - - ...... - · - - - - - - - - - - 27 ~ 
Distance run while Aomuliug, in geographical miles.-·--·----·-··-·-··-·-------------- 796 
Number of anglei; measured ....... ---·------·---·-----··------·-···--·---·-·-----·--·- 12 210 
Number of soundings taken ....•.. ·----··-----·-----·-·--··-·--··----··----- .... ·----- 56 516 
N 11111 ber of tidal stations established . _____ . ____ . ______ . ____ . - - - - - - . - - - .. - - - - · - · - - - - - - · 6 
Nnm ber of !J.ydrogruphic sheets completed . ____ .. ____ . _. _. - - - - - - - .. - - - - - .. - - - - - - - · · - . . 1 

The naval officers attached to the two parties during the year were as follows: To the Gedney, 
Lieut. Commander A. P. Osbom (chief of party), Lieut. W. H. Faust, Ensign 0. M. Stone, and 
E11s1g11 P. Symington; to the 111cArtlmr, Lieut. James 1\1. Sears (chief of party until April 4, 18U7), 
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Ueut. J. 1\1. Ilelm (chief of party from April 4 to the close of the year), Lieut. N. A. l\lcCully, and 
Ensign 1\1. L. l\iiller. 

Continuation of the tidnl record at the Sausalito (San Fmncisco Uay) '/1idul Station.-'rlie self­
registering tide gauge at the Sausalito Tidal Station, under the supervision of Assistant A. F. 
Jfodgers, continued in successful operation througl10ut the year, and an unbroken record has been 
received. l\ir. ll. S. Ballard served as tidal observer. Arraugemeuts have, however, been made 
for the remo\·al of tile station to Pre::;idio, where a favorable site has been selected, and the con­
struction of the building well atlvauced toward completion. The observations at the new station 
will begin early iu the next fiscal year. 

Determination of the latitude anrl longitude of the new "Presidio Astronomical 8la.tion," San 
Prancisco, Cal.-lu the latter part of October, 189G, Assistant A. F. Hodgers, in charge of the 
topographical resurvey of San Francisco Bay and Harbor, detailed Assistants Fremont l\Iorse aud 
0. Il. French to determine the telegraphic difference of longitude between the old astronomical 
observatory iu Lafayette Park aud the new one located in the Presidio Military Reservation, and 
Assistant li'rench was also directed to determine the latitude of the new observatory. It was the 
intention to begin the longitude work on the 1st of November, l>ut on conferring with the ::;uper· 
intendent of the Western Union Telegraph Company, it was found impracticable to secure the use 
of the wires at that time on account of the press of business due to tlrn approaching Presidential 
election. On tlte 7tlt, ltowever, the line was placed at the disposal of the party and observations 
were begun tllat nigltt. From some unexplained cause, ltowever, the wires were not in working 
order when the time for the exchange of signals anived, but as the sky clouded over about the 
sa.me time, the observations would have IJeen lost anyway. The line again failed on tlte 10th, and 
it was not until the night of the 11th tltat a full set of observations at l.ioth stations were obtained. 
Assistant Morse first occupied the Lafayette Park Station and Assistant French the Presidio 
Station, and complete observations and exchanges were obtained on ten nights, the observers 
interchanging stations in the middle of the series to eliminate personal equation effocts from the 
final result. 'l'he uigllts of complete observations were November 11. 12, 13, 14, 20, 25, 27, 28, !..!9, 
and 30, cloudy weather preventing work on the intervening dittes. 

'.l'lte resulting difference of longitude between the two observatories from Assistant Morse's 
field computation is 011 

.. 00111 05•·U50±0"·007!i. The latitude observations at the Presidio Station 
were made l>y Assistant French on six nights, twenty-seven pairs of stars being used on each 
occasion. l':enith telescope No. 3 was used and careful redeterminations of level and micrometer 
values were made. 

On the completion of the observations Assistant Morse resumed work on the San Francisco 
Bay resurvey, and Assistaut French was granted leave of absence tiutil December 20, when he 
was directed to make a magnetic survey of southern California. This work will lie reported in 
anotlter paragraph. 

1lfognet-ic cl<:tc1·minatio11s in the State of C<tUforni<i.-In October, 189G, Assistant II. P. Hitter 
was directed to prepare for magnetic determinations in California, and left Sau Francisco 011 the 
15th of the following month. Observations for declination, dip, and intensity, with tlte iucideutal 
determinations of time and azimuth were made at thirty stations distl'ibuted over a territory 300 
miles in length by 100 miles in width, or an area of 30 000 square miles, including the wester1i part 
of the State from San Francisco to Los .Angeles, the San Joaquin\' alley, and the northern part of 
tl1e Mojave Desert. The stations determined were tlie following and were occupied in the order 
given: San Jose, Hollister, Santa Cruz, Salinas, Soledad, San Lucas, Bradley, Santa. l\fargarita, 
Port llarford, Santa Maria, Los Olivos, Santa Barbara, Ventura, Saugus, Palmdale, l\l~jave, 
Caliente, Asphalto, Delano, Visalia, Huron, Fresno, l\fondota, Volta, l\ladera1 Merced, Modesto, 
Altamont, Milton, and Stockton. One day's observation of each element was made at each 
station, except San Jose and Santa Barbara, where two days' observations were required. All 
stations were carefully marked for future reference, and full descriptions of each are deposited in 
the archives of the Survey, with the records of tlte observations. Great care was also exercised 
in the selection of station sites, so us have them free from present disturbing influences or 
probalJle future ones. 'l'he azimuth marks were usually prominent and well-defined objects, and 
these were also referred by angular memmres to other promineut objects whenever practicable. 
The olJservations began on the IGth of November and were completed on the 30th of March. 
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Assistant Ritter then returned to San Francisco and was engaged on bis office work and computa­
tions until again assigned to similar field duty in June. 

On June 11 be again left San Francisco and proceeded to Santa Hosa, the county seat of 
Sonoma County, where the magnetic elements were determined aud a meridian line, marked by 
granite posts, was established. Similar observations were then made at Napa, the county seat 
of Napa County, but for lack of time no meridian line was est(abhshed. The azimuths of a 
number of well-defined objects were determined, however, so that the meridian line can readily 
be marked at any time in the future. Assistant Ritter returned to San Francisco on the 30th of 
June and resumed his unti'uished computations and duplication of records. 

~Magnetic observations at eighteen stations in southern Oalijornia.-Early in January, 1897, 
Assistant 0. B. French, in accordance with previous instructions, began a magnetic survey of 
southern California, the magnetic elements, declination, dip, and intensity being determined at each 
station ou from one to three days, according to the requirements. 

Auxiliary astronomical observations for time, latitude, and aJ1imuth were observed at all 
stations ancl the longitudes were obtained chronometrically. 

Stations were selected with a view to permanency and, as far as possible, free from local 
artificial disturbing causes, both present and prospectiv-0, and were marked by stone or redwood 
posts bearing suitable inscriptions. The azimuth marks were also carefully selected and as a 
precautionary measure these were usually referred to other prominent objects by angular measures 
with the theodolite. 

The principal instrumental constants, except the temperature and induction coefficients, were 
redetermined twice during the season. The following is a list of the eighteen stations determined, 
named in the order of their occupation: Kramer, Barstow, Bagdad, Mauvel, Blake, Oro Grande, 
San Bernardino, North Pomona, Santa Monica, San Pedro, Newport Beach, Capistrano, Oceanside, 
Laplaya, Foster, San Jacinto, Elsinore, and Indio. 

The field work was completed on the 4th of March, and Mr. French then returned. to 
Washington and was engaged at the office until the latter part of April in computing his results 
and completing the records. He was then assigned to other field duty (telegraphic longitude and 
magnetic work) in Delaware, which has already been mentioned under_ the h~ad of '' Bastern 
Division." 

Trian,qulation in soutlumi Oal{foniia.-At the beginning of the fiscal year Assistant E. F. 
Dickins was making preparations for the execution of a triangulation to connect the Los Angeles 
base line with the primary triangulation of the State. He organized his party, consisting of a 
recorder and three men, at San Francisco, and after shipping the uecessary instruments and the 
wag·ons and camp outfit, which had been stored at Eureka, started for San Pedro on the 18th of 
July. "San Pedro Hill" and "Los Oeritos" stations were recovered witlwut difficulty, and the 
party was then transferred to Anaheim, from which point primary station ''San Juan," secondary 
station "Las Bolsas," and the terminal stations of the Los Angeles base line were visited, exam­
ined, and prepared for occupation. All the marks were found undisturbed, but the country in the 
vicinity has become thickly settled and much improved since the base line was measured in 1889, 
and the difficulties in executing a triangulation have therefore been considerably increased. Lines 
of eucalyptus trees have t>een planted along both sides of most of the roads, aud mauy of the 
houses are now surrounded by groves of the same trees. ''Northwest base" station itself stands 
in the midst of one of these groves, and the view was found completely obstructed in all directions. 
Consi1lerable cutting of lines was therefore necessary to secure the intervisibility of stations, 
and this had to be accomplished by simply sawing off the tops of trees, as the owners naturally 
objected to having them cnt down. By the end of August the lines were all cleared, and the 
observations began on the 1st of September at ''Las Bolsas" station. "Los Cerit-0s" and " San 
Pedro Hill" were next occupied, in the order named, and on their completion preparations were 
made for the work at the primary stations. The camp outfit was overhauled and packed, and the 
party set out for "San Juan," in charge of Recorder G. F. Wakefield, Assistant Dickins mean­
while visiting and recovering "Wilsons Peak" and posting a heliotroper there. Assistant 
Dickins rejoiued the party at" San Juan" on the 12tl1 of October, completed the occupation of 
that station on the 26th, and immediately transferred the party to "Wilsons Peak," where the 
final observations were made on the 16th of November. On the 20th, with a reduced party, he 
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returned to northwest, and rsoutheast bases for the purpose of tearing down the brick towers and 
scaffolds and setting up in their places suitable granite monuments. 'l'his work was somewhat 
delayed by the failure of the contractor to complete the monuments by the specified time, but was 
satisfactorily concluded by December 10, and the party then returned to San Francisco, arriving 
on the 13th. Assititant Dickins then reported to Assistant A. F. Hodgers, and was engaged on 
his computations and other office work until assigned to field duty in couucction with the resurvey 
of San Francisco Bay and Harbor. 

The statistics of the work in southern California are as follows: 
Area of triangulution, in square >1tatnte miles ... --- ......... ---- .•••.....••........... ---- 840 
N um lier of st:itions occu pi eel for horizon ta! mcnsureB .......................... - • . . . . . . . . . . 5 
Nntubcr of stations occupied for vertical n1easurcs . ...................................................... ·----- ...... 2 
Nutnbtn• of geographical positions tletonninetl ...... - .. .. .. . . .. .. .. . .. .. .. .. .. .. . . .. . .. .. .. .... . . .. .. .. .. . .. .. .. .. .. .. . .... . V 
Number of elevations unterminecl trigonornetricnlly ....•.....• __ .......... ___ ... _... . . . . . . 3 

Examination of tlte 8e(i approaches to the mouth of the Coquille River, Oregon.-Iu October, 
18!)(l, Assistant A. I<'. H.odgers, iu accordance with telegraphic instructions, detailed l\Ir. l"erdinand 
·w estllahl to determine the positions of reported rock breaks in the approaches to the mouth of 
Coquille River, Oregon. The bar was crossed 011 the 25th, and examinations of the breaks 
were accomplished the same day, but a heavy rolling sea prevented the taking of soundings. 
'fhe determinations of the positions were made from shore stations, and the work was finally 
completed on the 31st, and l\Ir. "\Vestdahl then returned to San Francisco. The work was 
executed by means of. a boat and crew, kindly detailed by Superintendent 'l'. J. Blakeney from 
the life-saving station at Bandon. 

Continuation of the survey of Washington Sound, lYashinvton-triangulatfon a.nd topography.­
Early in May, 1897, Assistant J .• T. Gilbert, in accordance with instructions, left San Francisco and 
proceeded to Olympia and Seattle to prepare for the resumption of the survey of Washington Sound. 
After attenuing to the repairs of the steam launch· F1tcti, he organized, a party and reached the 
field of operations, Sau .Juan Island, on the 24th. The triangulation was first ta.ken up, but before 
much progress had been made it was found necessary to detail him to make, for tho Navy Depart­
ment, an immediate special examination of the approaches to the Port Orchard Naval Station. 
After laying out work to keep his party employed during his absence, he proceeded on J uue 17 to 
Port Orchard and was there engaged until the 26th. On the completion of the special duty, an 
account of which will be found under the head of "Special operations," he retumed to San Juan 
and resumed the interrupted triangulation. 'fhe work was still in progress at the close of the 
fiscal y~ar, but the following statistics to that date have been furnished: 

Number of signal poles erected ........•.. ------ .......•••.. ------------ .......•.. ------ .... 48 
Number of statiou8 occupied for horizontal measures ............. ------ ...••• ·----- ........ 17 
l\"urulJer of goographicnl po8itions clotcrminocl. •••.. ·:··-· ···--· .... ------ ···--· ............ 23 

The full statement of results of the season's work will be given in tho uex.t annual report. 
Geodetic 'trork in Utah-measurement of the &ill Lake base linc.-At the close of the last fiscal 

year the party of Assistant William Eimbeck was in the field engaged in the preparation of the 
Salt Lake base line and making tbe connection witb the transcontinental triangulation. Assistant 
Bimbeck was occupying- "V\7 addoup" station while the auxiliary party under the churge of 
Assistant P.A. \Velker was observing at ''Antelope" station, aud the preparation of the base line 
aud the erection of tl1e necessary piers were making good progress nuder Assistant J. J. Gilbert's 
direction. :' V\7 ad do up" and "Antelope" stations were completed by the 5tb of July; Assistant 
\.Y elker then proceeding to "Ogden Peak" and Assistant Eimbeck to "~outh Base." 'l'hese 
stayons were completed by the end of July, and the parties then occupied" Promontory" and 
''North Base," respectively, completing the observatious there by the middle of August. At the 
north and south base stations scaffold signals 70 feet in height were required to render the points 
iutervisible, and one. of these structures was destroyed by a cyclone early iu august. The 
relmilding- of this signal caused some delay in the prosecution of the connecting triangulation, 
but the junction was satisfactorily concluded by the middle of the n~onth, as above stated. The 
elevation of the terminals of the base line above sea level was deduced from a carefully conducted 
series of zenith distances measured at all stations of the triangulation, and for further verification 
a double line of levels was run from" Nortlr Base" to" Hooper Bench," on the eastern shore of 
Great Salt Lake. 'l'he different sections of the party were then united for the measurement of 
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the base, the preparations for which Assistant Gilbert had nearly completed. The actual 
measurement began on the 3d of December, the app.aratus used being the duplex bars designed 
by Assistant Eimbeck and com;tructt>d at the oflice of the Survey. During the measure the bars 
were protected from the sun and weather by a movable canvas-covered shelter~ framed of light 
timber and so securely braced together as to be able to stand all strains and stresses to which it 
was necessarily su~jected. This shelter was 5fi feet in length, 12 feet wide, and !) feet high, and 
traveled on runners, two horses being required to draw it along the line. The base, 11·~ kilometres 
in length, was measured. in kilometre sections, each section being measured once in each direction, 
under rising and falling temperatures, and reference marks being also established at erwh half 
kilometre. After a short time snflicient training and experience were acquired by the members of 
the party to enable them to measure a kilometre per day without difficulty, and the most favorable 
l1ours were chosen, so as to secure as nearly as possible an equal division of the conditions of 
rising a11d falling temperatures. The first measure of the base was completed on the 17th of 
September, and the return measure was begun the following day. A delay of four days was 
caused by damage to the shelter sled and to one of the bars by a cyclone which struck the party's 
camp on the night of the 18th; fortunately the bars escaped serious injnry, but the shelter sled 
was wrecked and had to be reconstrncted. 'fhe second measure was completed on the :3d of 
October, and the bars were then carefully reexami11e<l and tested for important adjustments, after 
which they were securely packe<l and shipped to Washington. Camp was then broken, suitable 
arrangements made for the storag-e and care of the equipage, instruments, and live stock, ancl the 
party disbanded. The results of the base measure proved very satisfactory in all respects, and 
the behavior of the new base apparatus was excellent. Assistant. Eimbeck reports that a relative 
accuracy of 1-:3 000 000 was easily attained, both by the duplex and by the thermometric principle, 
and t.hat the speed of the measure was as great as ever previously attained with other forms of 
base apparatus. 

Assistant Eimbeck was aided in the base measure by Assistants J .• T. Gilbert, P.A. \-Velker, 
H.P. Hitter, and C. C. Yates, Recorder Buford Lynch, and Foreman C. S. Wilkes, aud in his 
report highly compliments all of these gentlemen for their efficient arnl enthusiastic support. 

On the completion of the field work Assistants Gilbert and Ritter· were assigned to duty at 
the San Francisco suboffice, and Assistants Eimbeck, Welker, and Yates returned to Washington, 
where they were engaged on the computations and other ofiice work-Mr. Eimbeck to the close of 
the fiscal year, and the others until assig'necl to further tiel<l <lnt.y. A redetermination of the 
length and constants of the duplex bars was also made as soon as the apparatus was received 
from the field, this being rernlered necessary by the accident to bar No. 15 and al8o by the apparent 
wear of the agate knife edges. Assistant Eimbeck ha~ prepared for publication a detailed 
description of the apparatus, and an account of the measurement of the Salt Lake base; he bas 
also submitted, under date of .January 7, 18!>7, a design for a new second pendulum of the com­
pound type, its form being that of a disk, and his report sets forth the numerous advantages 
possessed by this instrument over the various forms heretofore used for gravity determinations. 

Reconnaissance and triangulation in tlte States of Utah, Nevada, and Ida.lw.-Early in June, 
i8!>7, Assistant P.A. ·welker, in accordance with instructions, proceeded to Salt Lake City, Utah, 
for the purpose of executing a reconnaissance and primary triangulation in the States of Uta;i, 
Nevada, and Idaho. This triangulation starts from the line "Ogden" - "Pilot Peak" of the 
transcontinental system, and will ultimately be extended through the State of Montana to 
the forty-ninth parallel of north latitude. .Assistant Welker reached Salt Lake City on the 18th 
of June, and was there joined on the 23d by Aid "\V. O. Denson, who had been assigned to his 
party. The instruments and outfit heretofore used on the transcontinental work, and stored at 
Salt Lake City and Kaysville, wt>re taken charge of and thoroughly overhauled, and by the close 
of the fiscal year all preparations for the beginning of active field operations were completed. 
The results of the work will be given in my next annual report. 

Magnetic observations in the State of Jlfontana.-In July, J8!)(i, Assistant R. L. Faris, engaged 
in the determination of the magnetic declination, dip, and int~nsity, and the necessary astronom­
ical factors, at various points in the Central and Northwestern 8tates, as mentioned under the 
head of Middle ])iyision, occupied f'ltations at Havre and Glasgow, in the State of :i\Iont.ana. 
Nine additional points in the 8tate determined before ,July 1 are given in my last annual report. 
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ABSTRACTS OF REPORTS FROM FIELD PARTIES, FISCA1~ YEAH 18~Yi. 

DIVISION OF ALASKA. 

[Uncll'r thiB heading nro iucludml tho constB of AlnHkn which llordor on tl10 North Pacific Occau, on Boring Sen, nnc\ 011 tho Arctic 0<'0:J11; 

a!Ro tho inlets, HOlllllls, hays, and riYors.] 

The localities of field operations in Alaska are· shown on Progress Sketches at the close of 
Part I. 

.lfydrographie and general suri·eys in southeast Alaska.-Tbe steamer P<itterson, under the 
command of Lieut. Cpmmander E. K. :Moore, U.S. N., on the completion of the repairs which were 
in progress at the close of the last fiscal year, was fitted out for the continuation of the Alaska 
surveys, and sailed from Seattle, \-Vash., on the 14th of July, 189u. The Superintendent of the 
Coast and Geodetic Survey accompaniecl the party for the purpose of examining the g·eneral 
features of the country in the vicinity of the boundary line between southeast Alaska and British 
Columbia, and, therefore, the various inlets between Port Simpson and Yakutat Bay were visited 
before the Patterson proceeded to her fielcl of operations. 

The regular work of .the party began on the 8th of August in Peril Strait, at the point 
reached by the triangulation of 1895, the Superintendent remaining with the party until August 
23 for the purpose of inspecting the methods of cal'rying on the survey. The general locality of 
the season's work embraced Peril Strait, Salisbury Sound, and Neva and Alga straits, and the 
work included triangulation, hydrography, and topography, with the incidental tidal and current 
observations. The different branches of the work were carried on simultaneously, each officer of 
the party having special duty assigned him, and the survey in any locality was complete before 
the vessel was movecl to a new anchorage. The triangulation began at Fish and Suloi points, and 
wns carried through the south branch of Peril Strait, across Salisbury Sound, through Neva 
Strait, across Nakwasina Passage and tbroug!1 Olga, Strait to Lisianski and Siginaka islancls; 
also through Safo1bury Sound to the sea. A sextant triangulation was also carried through 
Krestof Sound to its junction with Sitka Sound and into Nakwasina Passage. The shore line and 
hydrography executed cover the same limits, but the topography was delayed. by various causes 
and was not completed below Salisbury Sound. The channels surveyed this year are for the most 
part narrow and intricate, and considerable ditlicnlty was at times experienced in locating points 
for the triangulation, the cliffs rising abruptly from the water's edge and the summits being 
densely wooded. 

l'he season's work closed on the 6th of October, and on the 9th the party sailed for Sau Fran­
cisco, stopping en route at W'hitewater Bay, \Vraugcll Strait, aucl Clover Passage to investigate 
reported rocks and shoals, an1l at Departure 13ay foL' coal and. water; San Francisco was reached 
on the 23d. 

'.rhe statistics of the season's work have been tabulated as follows: 

Area oftriangnlation, in Hquaro Rt11t1;tP miles ............ ·-···· ............ ·----··-·--- i!J 
Number of signal poleH erectetl ______ . ____ .. ____ .. ___ . _ . ____ .. ____ ....... _____ .. ___ .. _ _ _ 567 

Number of stations occnpietl for horizontal angles. ____ ,·----· .. ·----· ...... ·-----·----- 333 
Number of stations ocoupie1l for vertical angle~ . _. _. _. _ ... _____ . _ ...... ___ .. __ --· ·----- 71 

Number ofelovntious 1loterminell ---· ··---- ·----· ·----· --·- ··---· ···--- ---··· ·----- ____ !l2 
Number ofbrnms (GOO metres) measured·----·-----·--·· .... ·----··----- .. ___ : ____ ·----- 1 
Area of topography surveyed, in s11naro stutnto miles.---···---·- ....... ···-·· .... ·-·--- !!7~ 
Length of general coast lino snrve~·cd, in statute miles.·----··-----····-· .... ··-····--· l!Y7 
Number of topographic sheets finishecL. _. ____ . _. _ -· .. _ ·- _ ... _ .. ____ ..... ____ . ___ .. _ _ ___ 6 
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Area sound1·<l, in s11uure geugrnphical wilcR . ____ - - .... _ ......... - ... - .............••••• 
DiMtance run whilo sounding, in goo~rnphical mileH __ ............... _ ..........••... _ .. 
Number of angles measurocl .............•..... _ ................•....................... 
Number of soundings taken ....•............. -·· .. : .... - ... ·--. --- ...... --·. ·- ...... -·. 
Number ofti1lal stations established···-·· .......... -····-·-·· .......... -·-· ...... --··. 
Number of current stations ob~ervo1l .........•........... _ ............... __ ..... -..... . 

71 
50-l 

7 730 
12 !J91 

3 
2 

'rlle naval officers attaclled to the l'<tltcrson were as follows: Lieut. Uommaud.er E. K. }Joore 
(in commaml), Lieut. ,J. .l. Kuapp, Lieut. R l<'. Lopez, J,ieut. -w. B. Hoggatt, Ensign W. \V. 
Gilmer, Ensigu G. n. Bradshaw, and P.A. Surg. I{, M. Kennedy. Yeomen H. L. Ford and Hugh 
l{,odman and l\laster-at-Arms W. S. Allen served as recorders and draftsmen. 

Resumption of hydrographic an<l general surveys in southeast Alaska in the spring of 1897.-'l'ltc 
steamer I'a.tter.~on, under the command of Lieut. Oornmander E. K. Moore, was again fitted out for 
the Alaskan work in tlle spring of 1897, and sailed from S:i.n ll'rancisco on the 4tll of April. En 
route to the field of operations the tidal stations at Victoria and Esquimalt were visited and new 
stations were established in Seymour Narrows and Sergius Narrows. Sitka was reached on the 
30th, aud here the tidal station 011 .Taponski Island was again set in operation, thm; .forming a 
chain of tidal stations from Victoria to Sitka. The survey was begun on the nortll sid.e of Sitka 
Sound, where the previous season's work en<led, and was continued d.own the sound to a connec­
tion with tlle work of 1893, thus completing tlle inside steamer route from Dixons Entrance to 
Sitka, via. Juneau and the head of Lynn Canal, with all the arms, bays, passages, and bights 
connected therewith. A verification tapeline base 52;"; metres in length was measured at the mouth 
of ln<lian 1-tiver, near Sitka, and connected with the triangulation of 18H3. 'rhe work at the 
mouth of Salisbury Sound was next taken up and carried about 15 miles to the northward and 
westward off the coast of Chickagoff Island, and progress was also made to the southward on the 
sea side of Kruzoff Island. The completion of the survey of both inside and olltside connections 
of Sitka Sound with Salisbury Sound during this season seems to be well assured, the above 
representing the progress made to the close of the fiscal year. The outside sonn<lings :ire being 
carried to the 100-fathom curve, and it is found that the depths increase more gradually outside 
than inside, except off the mouth of Sitka Sound, about 8 miles off Cape Edgecumbe, where a 
deep hole exists, the depths dropping from 70 to 500 fathoms in 2 miles. Oft' Salisbury Sound 
and to the northward and westward the 100-fathom curve is from 12 to 15 miles offshore and the 
coast is very treacherous, many outlying sunken rocks and reefa being found as far out as 2 miles 
from shore. The shores, both iuside and outside, are rugged and precipitous. About 10 miles to 
the northward and westward of Salisbury Sound tl1ere is an extensive archipelago, extending 
nearly to the mouth of Cross Sound, and afforijiug an inside channel for small vessels. The 
outside hydrography can only be executed when the sea is comparatively smootll and when the 
seeing is good, and consequently no favorable opportunity is neglected, the inside work being 
carrietl on only when the conditions are unfavorable outside. The party being still in the field, 
the fiual report of results accomplished can not now be given, hut the tabulated statistics to the 
close of the fiscal year are as follows: 

Number of 11ignal poles erected .. ___ . __ . _. _ .... _. __ .... _. _ .. __ .· ...• _. _ .... __ .. __ . _ .. ____ . 311 
Numbl'r of stations occupied for horizontal an~les. _. ______ • __ . ___ .... _. _ ... ____ . _ .. _ ..• . 285 
Number of stations occupied for vertical ungleH. ____ .. _. __ . __ . __ .. ___ . _. __ . ___ . _ - --- --·- 69 
Arna of topography surveyed, in square statute miles. _____ ··-·-· _____ _. ____ ---------·---· !J7 
Length of general coast line Mnrvoyed, in Htatu to miles __ ._ .•... __ .• _ ...• _ •.... - - - - - - - - - · · l;)l 
Area sonndell, in square geographical miles ......... _._ .. ___ .. __ . __ ... _ .. - . - .. - - •... - - - · · 7.'5 
Number of miles (geographical) run whilo sounding. _____ .. ____ .. __ ._ ••.. _ - - - ..• - - - - - - · · 736' 
Number of angles measured ...•. -·---·· ___ : __ ··---··-··-· ........... ·-·-·-----···---··-· '1 '183 
Numher of soundings taken _____ · _____________ .. __ . ____ . ____ .. -·-· ____ . - . - .. - - - - . ---- -·-· 4 837 

Number of tidal statious established._. ___ -·-··---···-·--·---·----.--····-····-···-·--·-· G 
Number ofcurrcut station11 estubli8hecl. ___ --··-· ..... ___ . -· --·- --··-· ----. -··- -·-· ·----· 2 

Clwonometric determination of differences of l<ntftitude in Alaska; al.~o latitude and 11ia17netie 
determinations.-In :March, 1896, as stiited in the report for the last fiscal year, .Assistant Fremont 
l\forse was instructed to prepare for chronometric longitude determinations in Alaska, an<l Assist­
ants Homer P. Hitter, F, A. Young, and Aid O. B. French were directed to report to him for 
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duty under his direction, joi11ing· him at a specified point on Puget Sound in time to connect with 
the steamer starting for Alaska early in April. 

The plan of the season's work may be here recapitulated: Assistant .l\iorso to occupy the 
astronomical station at Sitka, make the necessary time observations there, and rate his chronome­
ters, while new stations at Kadiak Island and Unalaska were similarly occupied by Assistant 11. P. 
H.itter and Aid 0. B. French, respectively; Assistant F. A. Young to take charge of the chro­
nometers to be carried on three or more successive round trips of the Alaska Commercial Company's 
steamer. Dor(I,, and to intercompare them daily; the carried chronometers, twenty-one in numller, 
to be carefully compared with those of each of the three astronomical stations on each arrival and 
departure of the steamer, both by Assistant Young and the astronomer of the station; the latitude 
of the Kadiak and Unalaska stations to be carefully determined by a sufficient number of astro­
nomical observations, and the magnetic elements, declination, dip, and intensity to be determined 
at all three stations; also topographical surveys of the harbors and adjacent country to be made 
as opportunity offered witlwut interferiug with the main work of the expedition; all parts of the 
work to be under the general direction and supervision of Assistant Morse. 

Assistant :\Jorse left San Francisco by steamer on March 25, was joined by the other members 
of tile party on reachiug Port Townsend, took passage on the steamer Cit]! of 1'opcka at Seattle 
A1n·il 2, and reached Sitka on the 8th. Here, in accordance with the programme outlined, Mr. 
l\lorse lauded with his instruments and the other observers transferred their outfits to the steamer 
Dom. On account of unfavorable weather, time observations at Sitka were uot obtained prior 
to the departure of the Dora on the 9th, but all the chronometers, thirty-two in number, were 
carefully intercompared. · 

Jlessrs. mtter and French reached their allotted stations on the 14th and 19th of April 
respectively and immediate preparations were made for the beginning of the observations, but at 
both stations bad weather prevented the secnring of time.determiuations before the departure of 
the steamer. First observations were secured at Sitka on the 11th and at Kadiak and Unalaska 
on the 21st. The third round trip was ~ompleted in July, but owing to the partial failure of the 
first half of the first a fourth round trip was deemed necessary, and that was completed by 
August l. The last half of the fourth trip was also defective owing to bad weather at Kadiak, 
the last observations there being eight days before the arrival and departure of the steamer, so 
that out of the four trips only three good determinations were ol>tained. 

At Sitka Assistant Morse obtained time observations on forty-two nights, and during July 
three days were devoted to magnetic observations~ declination, dip, and intensity. At Kadiak 
much cloudy and rainy weather was experienced, but Assistant Hitter observed time on twenty­
six nights and latitude on nine nights, and made magnetic determinations 011 three days; he also 
tl'igonometrically connected his astronomical station with that of 1867, the position of the latter 
being approximately recovered, but not being conveniently situatt>d for tlie longitude work, as it was 
too far distant from the steamer lan1ling. At U11alaslrn the weather conditions were unfavorable 
also, but the requisite tlumber of time and latitude observations were obtained. 'l'he magnetic 
elements were also determined on three days and a base line 1 ·77 kilometres in length was meas­
ured. From this base a small scheme of triangulation was ca_rried to the head of Captains llay, 
and a topographical survey, comprising- an area. of :w square miles, and including the town and 
harbor of U11alaska and Dutch Harbor, wits executed. 'Vhile en route to Sitka, at the close of 
the work, l\lr. French took advantage of the stopirn,ge of tlrn steamer at Unga to make sextant 
observations there for latitude a11d time. 

Me1:1srs. Hitter, French, and Young, on the completion of the fourth round trip of the Dora, 
reported to Assistant Morse at Sitka on the 1st of August, and the entire party on the 7th took 
passage on the Cit!/ of Topeka for Png-et Sound. On arriving at Port 'l'ownsend .Assistants You11g 
and Hitter were detached from the party, the former in acco1·dance with instructions proceeding 
to Washington, D. C., and the latter to Utah for the purpose of joining the party of Assistant 
Eimbeck. Messrs. Morse and French then proceeded to San Francis1"0 and thern completed the 
records and computations of the season's work. 'fhe subsequent services of the various members 
of the party will be noticed elsewhere in this report. 

Survey of the Pribilof LYlands, Bering Sea, Alaska.-In April, 1897, Assistant Will Ward 
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Duffield was directed to organize a party at Seattle or San Francisco for the survey of the Pribilof 
Islands, Bering Sea, Alaska, and Assistants Fremont Morse, G. H,, Putnam, and G. L. Flower 
were directed to report to him to assist in the work. Seattle was reached on the 30th of April and 
the party was organized by May 3. The revenue cutter Bear furnished transportation, landing 
the party at Unalaska on May lfl for astronomical observations, ancl finally at St. Paul Island of 
the Pribilof group on l\lay 25. The remainder of tile fiscal year was spent in base measurement 
and triangulation and preparations for the topographical work. Five short -subsidiary bases for 
the seal rookery surveys were measured, their lengths varying from 400 to GUO metres aud 180 
points were marked for future reference. A base 44'..l2 metres in length was also measured for 
the principal triangulation, twenty-one signals were erected aml thirteen stations were occupied, 
thus completing the triangulation of St. Paul Island. 'fhe uecessary astronomical observations 
for time, latitude, aud azimuth were also made when weather permitted. The party being- still in 
the field, the further account of its operations is deterred aml will appear in the next annual report. 



REPOKl' FOR 1897-PART I. AJJ8TRAUTS 01'' REPOKl'S J<'lWM FIELD PARTIES. 43 

SPECIAL OPEHATIONS. 

llfagnctic anrl gravitJJ observa.tions at 'IJariou.~ points iii, British J{orth America and Grcc11land­
thc Grccnlm1d c.cpcrlition.-ln the latter part of .June, 189(), Assistant G. H.. Putnam was authorized 
by the Honorable Secretary of the Treasury to accompany the exploring expedition about to start 
for Greenland under charge of Prof. A. K Burton, and on July 2 left Washington for the purpose 
of looking after the instruments, which had to he placed on a steamer at Boston on .July 4 and to 
be again tram;ferrcd at llalifax and Sydney. '.Vhile at Halifax, Assistant Putnam made magnetic 
observations at the same station, in Her l\Iajesty's dockyard, occupied by Assistant J. B. Baylor 
in 187!), and on July 11, 12, and 1:3, while waiting the arrival of the steamer Hope, which was to 
carry the expedition northward, magnetic and pendulum observations were made at S~·dney, 
Cape Breton. The llope sailed from ::5yduey on the 16th, bearing Lieut. H. E. Peary and party, 
Prof. A. K Burton and party, and others. On the 20th, a few hours' stop was made at Turuavic, 
Labrador, and Assistant Putnam availed himself of the opportunity to secure magnetic observa­
tions. After considerable delay from ice on the Labrador Ooast, the vessel entered Hudson 
Strait, and the piuties lauded at Ashe Inlet, where magnetic and gravity observations were 
obtained 011 the 25th and 26th. After being prevented by ice from entering Cumberland Sound, 
thQ llopc steamed across Davis Strait to the Greenland Coast, making a first stop at Godhavn~ 
the capital of North Greenland, and here magnetic determinations were made on the 3d of August. 
On August 5 the Burton party was landed at Umanak an<l the Hope proceeded farther north. At 
Umanak Af'sistant Putnam made pendulum obserYations from the 8th to the 12th and magnetic 
observations on the 14th, 15th, and 18th. The remainder of the month was spent in making 
computations, duplicating records, etc., and opportunity was found to forward a set of the records 
by means of it Danish vessel ~ailing for Copenhagen. Early in September Mr. Pntuam accom­
panied Professor llnrton's party 011 an expedition to the Itiodliarsut glacier, and assisted in the 
glacial investigations that were rna<le. The party returned to Umauak 011 the 8th and the 
following day the llopc returned and took them on board. On the 11th Godhavn was again 
touclled at and the magnetic observations were repeated. After encountering a i-;eyere storm in 
crossing Davis Strait and being delayed three days in the ice off Cape )forcy, the Hope entered 
Cumberland Sound arnl lande1l the party at Niantilik, where magnetic and pendulum observa­
tions were obtained on the 17th and 18th. After steaming sonth along the I~abra<lor Coast, Sydney 
was reached on the 26th, and additional magnetic observations were made the same day. Assist­
ant Putnam then returned to Washi11gton and reported for fnrther duty. The results of the 
voyage, so far as the work of this Survey is concerned, may bo summarized as follows: :Magnetic 
observations were made at sev<>n stations, at two of them both going a111l coming; at a number of 
these points the results will be of interest in sturlying the secular variation of the magnetic 
elements, as they have been previously occupied by earlier explorers, and in several cases the 
exact point of observations was recover<>d aud used. Two of the stations in Omuberland Sound 
all(l. Hudson Strait arc comparativdy near the magnetic pole, the 1lip being abo.ut 84° and the 
horizontal force so weak that chan~<>s pf several degrees in the direction of the horizontal needle 
took place in a few hours. Pendulum observations for the determination of the force of gravity 
"·er<i made at four stations, at two of which, however, they were not complete because unfavorable 
weather and the short stay of the ship prevented the obtaining of satisfactory observations. At 
the most 11 orthcrly station, Umanak, the observations were fortunately quite complete. This 
point is in latitude 70° 41' north, well therefore within the Arctic Circle and nearly as far north 
as Point Barrow in Alaska. 
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In the chart of pendulum titations recently pu!Jlished !Jy Professor Helmert, in tlie Report of 
the International Geodetic Association for 1896, there appear no observations for this region, and 
those obtained by Assistant Putnam will therefore be of special interest to the scientific world. 

Mr. Putnam in his report expresses his appreciation of the courtesy shown him !Jy Lieut. H. E. 
Peary, Prof. A. E. Burton, and the various members of the party, and the valuable assistance 
rendered him from time to time. He also specially refers to the courtesy of l\fr. Hjalmur Kunhtsen, 
governor of the Danish Colony of Umanak, who placed a house at his disposal, in which the 
pendulum o!Jservatious were made, and did ernrythiug in his power to make the stay of the party 
pleasant. For facilitating the work, thanks are also due to Capt. John Bartlett, of the Hope; 
Mr. Andersen, inspector of North Greenland, Mr. A. Vizard, storekeeper of Her .Majesty's dock­
yard, Halifax, and Mr. J. P. Fairbanks, proprietor of the Sydney Hotel, Sydney, Cape Breton. 

Assistant Putnam has prepared for publication two reports, on the magnetic and gravity 
observations, respectively, including in the latter all pendulum o!Jservations made by him during 
1895.and 18!J6, and these papers will appear as appendices to this report. 

1\Ir. Putnam before again taking the field also performed miscellaneous office duties, among 
which may be mentioned the determination of the corrections of three standard salinometres and 
the densities of a large num!Jer of sea-water specimemi stored in the archives of the Survey. His 
further field services have already been noticed under the head of Alaska Division. 

Latitude determinations at Dova, Del., and Round Hill and Lcesbw·g, Ya., with a view to the 
selection of stat-ions for the .Internatfonal Lat-itude Servicc.-'I'he International Geodetic Association, 
having in view the continuous and simultaneous observation of variation of latitude at a immber 
of stations, has at various tiwes during the year corresponded with this ofl:ice on tlle subject and 
requested our cooperation in the matter of the selection of suita!Jle sites for the observatories .. 

The following translation of an extract from a communication signed by Prof. F. H. Heh.qert 
states the case concisely, aud enumerates tbe points to be considered in making· the selection of 
the two North American stations: 

"There arc two projects for th.is which wore proposed lJy :\fossrs. Foerster and Yan do Sande-Bakhnyzon. 
1\1. Foerster proposes four stations on the same parallel, while M. llakhuysen think.i that greater advantage will come 
from the stations being placed in tlrn dcinity of established observatories, nrnl ho believes that with the same sum 
of money seven or eight stntions can thus he arranged for. (Compare th(1 proceedings of Lausanne, pp. 9!l to 100.) 
Tho Central Bureau desires to carry out Foorstor's project, for reasons which wore given liy mo ii~ tho Lausanne 
proceedings, 1n·ovidecl that it is possible to find four stations suitable in all respects for tho work, and nt which tho 
observers would lie able to live comfortably. Tho Iatitu(le 3(F' 8' is fixed upon, on which, liesidcs the stations Cagliari 
and lllidsusawa, two Xorth American i;tations will lio chosen. For the latter, Dover in the east and Ukiah in tlie west 
h:we been thought of, in which placP8 favoraule meteorological and seismological conditions exist. In place of Uo\·er 
another station which would be more accei;sible to Washington could he very well stilistit.ut.cd; for i11sta11co, Hound 
Hill, Va. One ~niglit ali;o think of the oliservatory of Cincinnati, but tho mathematical concl~tiorn1 in this 11lacc 
arc less favorable than in Doyer. In 11lace of Ukiah a station in the Sacramouto Valley might be taken, whl1re 
the meteorological conditions are also very favorable. It is now dcsire(l that :i local inYcst.igation be macle at the 
places name1l as i;oon as possible, where, naturally, tho latitmle to the nearest ton seconds must liti measured in 
order that one may not depart too far from the parallel 39° 8'. Besides favorable meteorological conditions, tho 
statio:J must lie so situated that e(rual conditions of atmospheric refraction exist to tho north anll south, arnl for 
the same reasons it is desirable that profiles of the surface, M 1vcll as tho Yegctation, shoul1l lie nearly the same 
to the north and south, am.I. also that changes of those conclitions are not probahle in the future. 

It is also to lie taken into consideration whether the situation o"f the observatory can lie rotained for, say, one 
hundred years, and also whether now constructions are to lie expected. A change in the locality would lie very 
difficult, as it coulU !wt be made without a Jong correspoudipg series of oli8ervations on lioth the old aud now 
stations, all of which would entail great expense. It is thcroforo necessary that th~ site sh .. uld be purchased by 
t.110 United States Go\·ernment, or in somo other way its permanence ai;sured. The topography arouud tho station 
both far and near should bo, if possilile, made evident by. sketches or charts, hy meanb of which, also, the relation 
of the height!! Bhoulcl bo indicated. Although according to what has just boeu said it appears desirable that the 
stations should not be. too near an inhabited locality yet •ou the other hand, it is desirable that houses should 
ho near where the oliserver could subsist. Jn gene~;! 

0

it :nay lie said that the reply in regard to the question of 
subsistence of the observer in tho chosen station it1 of the grcatet1t importanco. 

In regard to tho local invcstigatiouR to be carried out, I havo to remark that tho expenses thereby incurrod 
would be borne by tho International Geodetic Association, but at the present time no money of any groaL amount is 
av:i.ilahle, so that it will he necessary to make the expenses as i;mall us possible. 

"It. appears to me that a reconu:iiHsauce for the Western stations presents some ditllculties as to traveling 
expenses from WaHhington, which would be very heavy; lint if tho Coast 8nrvey has not an officm· in the neighbor-
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hood engaged on other work, possibly the greater p:irt of the expense could be saved by sending someone from San 
Francisco or from the Lick Observatory. I take it that the arrangement of the expenses 11thir will present no 
serious difficulties." 

In accordance with tlie preceding request, Assistant C. H. Sinclair was directed to make 
latitude determinations at each of the three Bastern stations named, and in case of the results 
differing more than half a minute froni the desired value to make an examination of the country 
in the required direction to ascertain its availability for a station, special attention being paid to 
the requirements enumerated by Professor Helmert. At Dover the observations were made in 
May in connection ~vith, or ratl;er incident to, the longitude determination already mentioned 
in the proper geographical sequence. The latitude of the Dover Courthouse was found to be 
39'.:> 09' 14", or slightly north of the prescribed limit of 39° 08' ::!: ~',and therefore the country to 
the south was examined. 

Mr. Sinclair reports that a suitable location can be found in the required latitude, and has 
indicated its position on a sketch accompanying his report. The observations at Round Hill and 
l1eesburg were made in June. At .Ronnd Hill Mr. Sinclair occupied a })oint in a pasture field a 
short distance northwest of the railroad depot, and found its latitude to be 39° 08' 15". The town 
of Round Hill lies entirely to the south of this point, stretching along the road for a distance of 
half a mile. The country is heavily rolling, but the topography is quite uniform in character. 
Fine growths of locust, oak, chestnut, hickory, aud other deciduous trees exist, but the larger 
part of tlte country has been cleared for cultivation. About 3 miles to the westward are the 
heights of the Blue Ridge, but Hound Hill itself has an elevation of 600 feet above sea level. 
The same character of country is. found at Purcellville to the westward, and at Hamilton, 6 miles 
t-0 the eastward, both points having nearly the same latitude as Round Hill. At J.,eesbnrg l\Ir. 
Sinclair's station was located in the grounds of the Leesburg Academy, but its latitude was fouud to 
be only 31)0 07' 07", or about half a mile too far south. It was found, however, tltat a suitable site in 
the required latitude was obtainable. Leesburg lies 2 miles east of the Oa,toctin l\Iountains and 
12 miles east of Round Hill, an<l has an elevation of 400 feet above sea level. Assist.ant Sinclair 
reports that the mail facilities and conveniences for living are superior at this station to any of 
the others examined, and that the climatic and otllcr conditions are about equal. Sketches of the 
localities examined, showing the proposed sites for the observatories, accompany ·Mr. Sinclnir's 
report. The magnetic observations made at Dover, Round Hill, and Leesburg 11ave already been 
mentioned under the proper geographical headings. On the completion of the observations and 
examinations Assistant Sinclair returned to Washington and was engaged on his computations 
during the few days remaining of the fiscal year . 

.LayinlJ out of a .~peed-trial course for nm:al ves8els in Chesapea.ke Bay.-In compliance with the 
request of the Navy Department for the laying out and marking of a speed-trial course, 24~ 
nautical miles in length, in Chesapeake Bay, for the speed trials of torpedo boats 3, 4, and 5, 
Lieut. Commander A. Dunlap, U.S. N., commanding the steamer Bla.ke, was directed to prepare 
that vessel for the work, and Lieut. E. H. 'rillman, U. S. X., with the schooner Matchless, was 
directed to report to him and render such assistance as might be required. .Assist.ant D. B. 
Wainwright, with his aid, R. B. Derickson, wa'S also instructed to execute the necessary trian· 
gulation, the scheme being so arranged as to be available for and form part of the regular 
triangulation of the Chesapeake Bay resurvey. The Blak1J left Baltimore on the 17th of March, 
Messrs. Wainwright and Derickson having joined the vessel the previous evening, and reached 
the locality of the course the next day. Lieutenant 'l'illman, with the 1lfatchh·.~.~, reported on 
the 22<1, having been detained by fogs and head winds. 

The site selected for the trial course may be briefly described as follows: It lies nearly paralJel 
to and somewhat to the eastward of the axis of the bay; its north end is opposite Parkers Creek, 
a~d its south end is opposite Point no Point, or about 7 miles above the mouth of the Potomac 
niver.. A search was first made for old trigonometrical stations, but t.hese, wit.h two exceptions, 
had ~sapp~ared, and it was necessary to execute a new triangulation over a section of the 
bay 3a miles in length, the average width being 10 miles. Bleven signals were built, and 7 of 
these, together with 4 lighthouses, were occupied with a theodolite for the measurement of the 
horizontal angles. The angular measurements were begun on the 27th and continued without . ' interrnptron, save from bad weather, until April 15. The computations were made as rapidly as 
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possible, and the line was then placed on the projection furnished for the purpose, the length of 
tlle course, as already stated, being about 24~ nautical miles. .Meanwhile Lieutcuant Tillman 
had eRtablished an excellent range for the southern end of the course, and it was deemed 
advisable to establish a similar one at the northern end. 'l'lte east side of the bay was fou11d 
impracticable for this purpose and the west side seemed scarcely less so, but Assistant vYaiuwrigl!t, 
after running a transit line back 2 miles, found that a good range could be obtained by cutting 
a vista through the trees or by building a high signal (80 to 100 feet). The time and expense 
necessary to accomplish this, however, caused the abandonment of the pr~ject, but the points 
were marked so that the range can be established at any qnie in the future. if deemed essential. 
Small watch buoys were then placed to mark the positions for the larger buoys to be furni"shcd 
by the Light-House Establishment, and on the 21st the lighthouse steamer 1llaple arrived with the 
larger buoys, which were all placed in position the same day, their positions being det-0rmined by 
simultaneous observations with two theodolites stationed on shore. On checking the vositions 
next day all were found accurate excepting that of the lmoy marking the south end of the course, 
which had to be shifted somewhat. 'fhe buoys at the end of the course are first·class can buoys 
and are anchored with sinkers weighing from :~ 000 to 3 200 pounds, and the five intermediate 
ones are second-class can buoys with sinkers of from 1 500 to 1 800 pounds. Beginning on 
the range at the southern end at a point 4·9 miles B fl N from Point no Point trigonometrical 
station, the course runs N by \Y 1 W to the northern t.erminal, which is 4·() miles from Parkers 
trigonometrical station and 3·3;) rnile8 west by uorth from .James Point Station. The field work 
was completed on the 23d of April, and the Blake and Matchless returned to Sparrow Point and 
Baltimore, respectively, the latter resuming her regular tidal work in that locality. Assistant 
\Yainwright and Aid Derickson left the Blake on her arrival and proceeded to Washington, 
where they were engaged on office work to the close of the fiscal year. 'l'he reports of Lieut. 
Commander A. Dunlap and Assistant D. B. \Vainwright coutain much interesting information 
concerning the changes that l1ave have occurred in the hydrography and topogTaphy of this 
portion of Chesapeake Bay since the date of the old survey, and Mr. Wainwright has also 
submitted a scheme for the continuation of the triangulation northward to a junction with that 
already executed above Kent Island." 

The statistics of the trigonometrical work of Assistant Wainwright's party may be sum·-
nrnrize<l as follows: 

Area of triangulation, in sq uure statute miles. _____ . _____ . ____ . ______ . ___________________ . 400 

Numher of 40-foot tripod signals erecte<l ____ ·----· ---- ·----- ---------· ---- ---- ·----- -----· 8 
Number of ob8erdng tripocls aud twaffolcls erected ______ ------------------·----·----------_ 3 
Number of stations occupied for horizontal angles------·---------·------------- ____ ·-----. 11 
Number of geographical positionH determined. __________ •• _. ___________________ . _________ . 18 

Examination of a portion of the boundary line between Spartanburg anil Greenville counties, 
S. C.-The north aud south boundary line between the counties of Spartanburg and Greenville 
has been for some time in dispute, and various resurveys of it from time to time failing to agree, 
the board of commissioners of Spartanburg finally requested a local firm of civil engineers to make 
a true, accurate, and scientific survey of said line and determine its true aud correct location. 
'.rhe report of these engineers, when received, did not meet the views of all members of the board 
and· a re.solution was then passed requesting tlJe l\Iember of Congrnss of the dh;trict to obtain 
from the Coast and Geodetic Survey the detail of one of its otlicers to examine and report upon 
the quality and accuracy of the work executed, due provision being at the same time made for 
defraying the expenses incident to the examination. In compliance with the terms of the resolu­
tion, submitted by Hon. Stauyarue vVilson, Assistant W. C. Hodgkius was instructed to proceed 
to Spartanburg to confer with the board of commissioners and make such examinations as might 
be found necessary. Mr. Hodgkins left Washington on the 11th of November, and was engaged 
011 this duty ·until December 14. During this time he made a careful study of the historical 
features of the case, carefully weighed all the evidence submitted, and examined into the 
methods used in the various resurveys of the line. He also made magnetic observations at 
various points of the line, and found considerable local dettections, and these to a large extent 
account for the t!"onble in reestablishing the original boundary, which was of course laid out with 
a compass, and consequently followed a zigzag course. 
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The work of the local engineers was fouud to be of excellent quality, bnt they had proceeded 
on the assumption that the line should be a straight one from the uorthern terminus to the south­
ern one, a point uot conceded by all parties, and so laid it out, but the 1>traight line, as was to be 
expected, failed to coin'cide with the original boundary at intermediate points; the location of the 
soutlier11 terminus, moreover, was also a point of co11troversy, there ueing no monument to mark 
the spot and some ambiguity in tlie descl'iption, but it seems to be fairly well established that 
the adopted position is not seriously iu error. Assistant Hodgkins made an exhaustive re1lort 
on the whole subject after his returu to \Vashingtou, and copies were at once famished to the 
board of commissioners and to Messrs. Ladshaw & Ladshaw, the engfoeers who executed the 
resurvey of the line. :M:r. Ilodgkins's further services will be noticed under the proper geographical 
.headings elsewhere in this report. 

Rcsun~ey of Bnms1cick Bar, Georgia.-'l'he river and harbor act of August 17, 1894, und~r item 
"For improving the outer bar of Brunswick, Georgia," anthorized the )layment to Mr. C. P. Good­
year of certain sums of' mouey for the procurement at Hpecilled dates of channels of specified 
width and depth, the method of improvement being uy the explosion of dynamite on the bottom. 

The river and harbor act of .Tune 3, 1896, amended some of the provisions of the- former act, 
and further provided that the resurvey to determine the re1>ult of Mr. Goodyear's work should be 
made by an experienced officer of tho Coast and Geodetic Survey, under the direction and su1ler­
vision of the Honorable the Secretary of \Var. l\Ir. Goodyear in November reported that he had 
procured the necessa~y width and depth of channel, thus complying with the requirements of the 
acts above referred to, and requested an immediate survey. Lieut. Robert G. Peck, U. S. N., 
commanding the steamer Ba.clie, was selected as the oflicer to represent the Ooast and Geodetic 
Survey, and was directed to report to the ~onorable Secretary of \Var for instructious. 'fhe 
repairs which the Bache was undergoing at New York were hastened as much as possible, bnt it 
was not until December 19 that the vessel was ready for sea. ·s:iiliug on that date, Lieutenant 
Peck reached St. Simon Sonn<l on the 27th, but it was not until J auuary 4 that the weather 
permitted tho beginning of operations. 'l'he survey was finished April rn, aft<ir au exceptionally 
stormy and unfavorable season, which prolonged the work mnch beyond the time auticipat<id for 
its completion. Owing to the minute requirements as to widths and depths, the latter being 
determined to tenths of feet, more elaborate aud precise methods of executing the survey were 
necessary than are customary in ordinary hydrographic work, and special care bad to be taken to 
establish accurately the plane of reference (mean high water) to which the soundings were to be 
reduced. By a special device the tide-gauge readings were recorded to hundredths of feet and at 
intervals of five minutes. The positions of soundings wer~ determined by sextant and theodolite 
angles taken from observing stations previously established op the bar. The sounding lines 
were run on ranges and at intervals of 25 feet, one system of lines parallel to the direction of the 
channel being croRsed at rigl.Jt angles by another system similarly spaced. Tho scale chosen for 
the hydrographic sheet was necessarily a large one (1-1 250), to l)Crmit of the plotting· of the 
large number of soundings and the accurate delineation of the contour lines. Nearly 30 000 
soundings, out of about 39 000 taken during the survey, are shown on the sheet. On the comple­
tion of the work the Bache left Brunswick for N cw York, arriving at the latter point on the 27th of 
April. 'l'he office work was then prosecuted as rapidly as possible, and was completed before the 
close of the fiscal year. The hydrographic sheet and the original records of the survey have been 
forwarded to the Honorable the Secretary of War, and copies have been deposited in the archiyes 
of the Coast and Geodetic Survey. 'l'he results of the resurvey and their bearing on l\lr. Good­
year's claims are matters with which this office has uo conceru, belonging pro1~erly to the report 
of the llouorable Secretary of War. 

The statistics of the work have been tabulated as follows: 
Dis to.nee ruu while sounding, in geographieal miles_.:._ .......... ___ .• ____ ..... _..... 210~ 
Number of angles measured _ ... _._ ---- __ . __ . ---- ... __ ....... ---- ............ ___ .. _ .... 14 ;~86 
Number of souu<liugs taken . _ ..... __ . ___ . _ ..... _ .. ___ ... _ ..... __ ... ___ ..... _ .. _____ •• 38 883 
Number of tidnl Rtaticms establishecl ____ .. _. __ ... _ .. _ .............. __ ........ - .. - . . . . . 1 
Number of hyclrogro.phic shents completCJ1l ...••. ------ •... ------ ---- ...• ------ ·--- ---- 1 

'fhe naval otlicers comprising the party of the Bnclw wore the following: Lieut. nobert G. 
Peck (in co1111nand), I,ieut. 11. K. Hines, Ensign A.H. Davis, Ensign F. M. Hnssell, Ensig·n P. B. 
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Sullivan, Chief Machinist A. J. Miskimon, Apothecary J.E. Shepherd, :111<1 Yeoman J. L. Dunn. 
Master at Arms Thomas S. Martin and Seamen John Craig and Andreas Andersen served as 
recorders. 

llydrographic survey to determine tlte i'a.luc of improvemmls at :Jw mouth of the Brazos River, 
Texa.~.-The river and harbor act of June 3, 1896, contained a provision for the appointment of a 
board of engineers, composed of a civil engineer, appointed by the President, an officer of the 
Corps of Engiueers, U.S. A., to be selected by the Secretary of' \>Var, and an officer of the Const 
and Geodetic Survey, to be selected by the Snperinteudent, to make an examination for the 
purpose of ascertaining the character and value of the improvements made at the month of Brazos 
IUver, Texas, by the Brazos Hiver Channel and Dock Company. These improvements were under­
taken with a view to removing the bar at the mouth of the river and deepening the channel from 
the month to Velasco. The members selected to comprise the board were the following: Col. 
H. l\I. Hobert, U. S. E.; Hobert Moore, C. E., of St. Louis, and Assistant Stellman Forney, l7nited 
States Coast and Geodetic Survey. The board met in Washington, D. C., on December 11, 12, 
and 14, 1896, in Velasco, Tex., January 10 to 15, 1897, and again in \Vashington, D. C., to com­
plete its report, February 15 to 18, 18!J7. 'l'he first requisite for the performance of the duties 
assigned to the board being a thorough survey to sb')w existing conditions, a full hydrographic 
party, under the charge of Assistant H. I1. Ma;rindin, was detailed by the Superintendent and 
placed under the board's direction. 

Assistant l\fariu<lin reported to Col. H. M. Robert, the president of the board, in accordance 
with instructions, aufl at once proceeded to Yelasco, 'fex., accompanied by Assistant A. L. Bald­
win, Aid 0. 0. Yates, and Oscar l\L Strauller, an expert leadsman of the Coast Survey steamer 
Blake, and arrived at Velasco on the 25th of December. 

After visiting Galveston, for the purpose of collecting data in regard to previous surrnys, 
and securing descriptions of bench marks, etc., .Assista.nt l\iarindin :rnjoined the party at Quintana 
on the 28th, and completed the preparations for the hy<lrogra.phic survey, which was begun on 
the 4th of .January. A small naphtha launch was chartered. for the work, and from it all the 
soundings in the gulf and river were taken. The survey included the topography of the mouth 
and of the river as far up as Velasco, and the hydrography over the same limits and au area 
extending outward into the gulf about 2 miles, or about a mile beyond the sea end of the jetties. 

Observations of tides and currents were also made, and lines of levels. were run to connect 
the tide gauges with the various bench marks; a trigonometrical connection was also successfully 
made :with the old triangulation of J 852, the latter work, however, not without vexatious delays 
in the recovery of old stations. The old poii1ts recovered were "Brazos" and "Oyster Creek," 
the former in the city of Velasco. and the latter about 6 miles to the eastward; none of the stations 
on the intermediate shore of the gulf could be recovered, having long since been obliterated by 
the encroaehment of the sea or other causes. 

From the line "Brazos"-''0yster Creek" as a base, all the stations of 1894 and 1897 at the 
mouth of the river, including Brazos River lighthouse and several minor lights on the jetties, were 
determined. . 

In locating the soundings taken outside, two observers with instruments were stationed on 
shore at suitable points, and as a precautionary measure a third angle was measured on board the 
launch; for the river soundings, angles on distant signals were measured from the roof of the launch, 
the shores being low and the l'and flat, aud the waters of the river being at flood l.teight. A plane­
table survey of the shore line and jetty lines was found to be indispensable, as it appeared that a 
shift in position of the stream equal to about half its width had taken place since the previous 
survey, or that the positions of the shore line as furnished by the improvement company in 1894 
were erroneous. 

. Five tide staffs were set up at various points~ which, t-Ogether with the self-registeriug gauge at 
'the land end of the west jetty, made six points of tidal observation. 'l'he board did not deem an 
extensive series of current observations necessary, and corn;equent1y only a few current stations 
were occupied. The weather during a considerable portion of the season was unfavorable for field 
work, and on the 24th of January a severe" norther" set in, which lasted until the 29th, the tem­
perature ranging from 10° to 20° below freezing point; the land was covered with a sheet of ice, 



REPORT FOi~ i897-PART I. .\BSTRACT8 OF REPOH.TS FROM FIELD PAR'l'IES. 49 

so that cattle were without food and many perished. The survey was completed, however, on the 
27th, the party was disbanded on the 29th, and .Assistant Marindin and the officers of the party 
then returned to Washington. A complete map showing the results of the survey was prepared 
and furnished to the board, the original field sheets being deposited in the archives of the Coast 
and Geodetic Survey. 

All the expenses incident to the Brazos River work, excepting the salaries of the officers 
engaged, were paid by the board from the appropriation made by Congress for the purpose. 

The report of the board was presented to Congress on the 19th of February, 1897, and has 
been published as "Senate Document No. 138, Fifty.fourth Congress, second session," and Assist­
ant l\farindin's report to the board is published in full therein as .Appendix 0. It would not be 
proper here to enter into 'a discussion of ·the results of the survey in their bearing upon the work 
executed by the Brazos l{iver Channel and Dock Company, that being the function of the board 
and a matter coming under the jurisdiction of the Honorable Secretary of War, and the reader is 
therefore referrecl to the document above mentioned for information on that subject. 

The statistics of Assistant Marinclin's work may be thuf:l tabulated: 

Area of tri1mgulation, in square statuto miles......................................... 11 
Number of signnl llOlcs erected---------- ...... -----·-----· ............ :.............. 7 
Nnmher of stations occupied by horizontal angles..................................... 7 
Number of geographical 11ositions determined...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . rn 
Length of coast line snrvoyed, in Atatnto miles...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Length of river shore line snn·eycd, in statute mi !tis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 
Length of rou<ls survoye<l, in 1;tat.nte miles............................................. 1 
Area sounded, in square geographi<'al 1t1iles. : . .......................... , . . .. . . . . . . . . . H 
Distancn run while sounding, in geographical miles .......... :·........ . . . . . . . . . . . . . . . 87 
Nu1nhcr of angles Jneasurc<l ___ . ___ ... ___ . ___ .................................. - . _.. . . . . . . . . 2 472 
Number of soµudings taken ........... ---·- ---- ---- ...... ...... .... ...... ...... ...... ti GlO 
:N'nmber of tidal stations establisl1ed .... ---- .......................... :... .... ...... .. !> 
Number of current stations ohsPrved .... _ .. _ .............................. ___ ...... _.. n 
Length of lines of spirit hweling, in statute u1iles.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
Number of topographic sheets completed (shore line only)................ . . . . . . . . . . . . . ::l 
Number of hydrogmphic sheets completed .......• _ ....................... _ ....... __ .. 
Scale of topographic and hydrographic sheets ..... ------ ____ .......................... 1-5 000 

Resurvey of the boundary line between the United States and Mexico.-At the close of the last 
fiscal year Assistant A. T. Mosman, the United States Coast and Geodetic Survey member of the 
International Boundary Commission, was still on duty in Washington, completi:µg the office work 
incident to the recent survey of the boundary line between the United States and l\iexico. From 
.July 1 to September :30 of the present fiscal year he was engaged in directing the drawing aud 
engraving of the maps and profiles relating to said boundary lii1e and in assisting in the prepa­
ration of the final report of the commission. 'fhe work was completed at the date last mentioned, 
aud Assistant Mosman was then directed by the Honorable Secretary of State to report to the 
Superintendent of the Coast and Geodetic Survey for his regular duty. He was then engaged on 
important offi~e work, mainly computations, until April 7, 1897, when he was assigned to field 
<luty on the primary triangulation of Vermont aud New York and its extension into Canada at 
Montreal. The account of this work will be found in its proper geographical sequence- elsewhere 
in this report. 

Laying out of a speed trial cour.~e in San Francisco Bay.-In l\'Iay, 1897, in accordance with the 
r~quest of the Navy Department, the party of the steamer Gedney under the command of I1ieut. 
Commander A. P. Osborn, U. S. N., engaged m the hydrographic resurvey of San Francisco Bay 
aud Harbor, was directed to lay out a 1-mile speed trial course for naval vessels. A site was 
selected Ill the vicimty of Angel Island and Bluff Point, and the line, known as the Bluff I'oin.t 
trial course, was soon Ja1d out and suitably marked. The uecessary triaugnlation was executed 
by Assistant E. F, Dickins, who was detailed for that purpose by Assistant A. F. Hodgers in 
charge of the San Francisco suboffice. 

Rydrographio examination of San Pedro and Santa .Monica Bays, California.-The board organ­
ir-ed by the Honorable Secretary of War, in accordance with the provisions of the river and harbor 
act of 1896, for the selection of a suitable site for a deep-water harbor in southern California, 

fl.'iS-1-4 
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having requested the detail of a vessel and hydrographic party to make under its direction the 
necessary hydrographic examinations and surveys in San Pedro and Santa Monica bays, the 
steamer Gedn'ey was assigned to this duty, and her commanding ofilcer, Lieut . .A. P. Osborn, was 
(lirected to roport to Admiral J. S. Walker, the chairman of the board. The Gedney sailed for 
San Pedro on the 13th of December, and between that date and February 27 made a 1,omplete 
hydrographic examination of San Pedro and Santa l\1onico bays and a survey of the inner barbor 
at San Pedro. The results of the work are plotted on three hydrographic sheets of various scales 
and the general statistics are as follows: 

Arca souudCll in square geographical miles.............................................. 33 
Miles (geographical) rnn while sounding ................ .'............................... 167 
Number of angles measured .........•..•..................••..................•......... 2 124 
Nnmher of soundings tu.ken ..........•.................................................. 5 806 

it may be here ment!oned that Assistant A. F. Rodgers served as a member of the board and 
attended its various meetings at Washington, D. C., and in California. 

On the completion of the surveys and examinations the Gedney returned to San Francisco 
and resumed her regular work. 

Seal investigations at Guadalupe Island, northwest coast of 11fexieo.-As stated under the head 
of "Hydrographic resurvey of San Francisco Bay and Ilarl>or," the steamer Gedney, J ... icut-Com­
mander A. P. Osborn, U.S. N., commanding, was for a time taken off that work and by direction 
of the Honorable Secretary of the Treasury placed at the service of Dr. D.S .• Jordan, president 
of the Leland Stanford University, for the investigation of fur-seal rookeries in the island of 
Guadalupe, northwest coast of Me.xico. Dr. Jordan was finally unable to accompany the expedi­
tion and designated Dr. Wilbur Thoburn to take charge in his place. Dr. Thoburn and Profess­
ors Green and Wing, all of the Leland Stanford University, joined the vessel at Sausalito on the 
13th of June, and the Gedney sailed for Guadalupe on the 15th, arriving there on the ~1st after 
a brief stop at San Pedro for coal and water and certain necessary papers expected from the 
Mexican authorities. From June 21 to .July 1 the ship and its steam launch were engaged in 
carrying the scientists to various parts of the island and the officers and crew rendered them such 
assistance as they required in securing and preserving specimens. During the same period a 
rapid running survey, or rather reconnoissance sketch, of the whole island was made and latitude 
observations were obtained at its northern and southern extremities. The objects of the expedi­
tion having been accomplished, the Gedney on July 1 sailed for San Francisco, reaching that point 
OU the 8th. 

Exltmination of the approache.'l to the Port Oreltm·d Naval Station.-The Honorable Secretary 
of the Navy having in 1897 requested an immediate Aurvey of the waters of Puget Sound 
adjacent to the Port Orchard Naval Station, Assistant J. J. Gilbert, who was eng·aged. on the 
triangulation of Washington Sound, was directed to perform this duty. 

On reaching Port Orchard in .June, Assistant Giluert found that a very minute survey of that 
part of the channel where the U. S. S. Oregon had grounded had already been completed, and the 
hydrography to be execute1l was therefore limited to the dredged channel affording entrance to 
tlie dry dock. 'fhe scale of the projection made for the purpose was 1-1 000 aud somidings were 
taken at regular intervals of 5 metres. 'l'he number of soundings taken was 704. Tlie topography 
on the same scale rncluded such changes as had l>ecn made in the wharf and lmildings, the 
addition of new roads, etc., and as much of the t-0wn of Bremcrtou as the limits of the sheet would 
permit. After completing this work, Assistant Gilbert also made a topographical survey of the 
water front and principal streets of the towns of Sidney and Charleston, to enable the oftice to 
locate these places on the charts. 

After completing the survey At:1sistaut Gilbert returned to San Juan Island and resumed the 
triangulation of Washington Sound. 

1lfount St. Elias Explorin{f Expedition.-In the spring of 1897 Prof. Ilenry G. Bryant, of Phila­
delphia, who was fitting out an expedition for the exploration of the region about Mount St. Elias 
and the ascent of the mountain, requested the detail of an assistant of tho Coast and Geodetic 
Survey to accompany him aud assist in the observations. The necessary authorization having 
been obtaiued from the Honorable the Secretary of tlie Treasury, Assistant E. B. Latham was 
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a.;sigued to this duty, a11d was directed to report to Professor Bryant at Philadelphia on the 15th 
of May. A few days later the party started west and reached Seattle on the 23d. They sailed 
for Al.aska on the 29th, by the steamer City of Topeka, reached Sitka on .June 4, and on the following 
day proceeded by tlie steamer Dora to Yakutat Bay. 

The work of the party will consist of reconnoissauce1 barometric determinations of elevations, 
azimuth observations, triangulation, and topography, and finally the ascent of Mouut St. Elias. 
All expenses of the expedition are to be paid by Prof. Henry G. Bryant, and by special arrange­
ment the results of the work are to be the joint property of Professor Bryant and the Ooast and 
Geodetic Survey. No reports from the party had been received at the close of the fiscal year. 

~Mississippi River Comm.ission.-Assistant H. L. Whiting continued to serve as a member of 
the Mississippi Hiver Commission until the date of his death, February 4, 1897, and attended its 
meetings as follows: At New York, August 26 to 29; at St. Louis and on the semiannual tour of 
inspection to New Orleans, .November 2 to 24. Soon after his decease he was succeeded by 
Assistant H. L. )farinuin, whose appointment was confirmed by the.Senate on the 22d of March. 
l\Tr. Marindin had previously beeu requested t-0 attend a meeting of the commission at St. Louis, 
Mo., and immediately 011 receipt of the notification of his confirmation proceeded to that point, 
arriving on the 24th of March, just in time to join the commission 011 their high-water inspection 
tour to New Orleans. He wm; engaged upon this U.uty until April 2, when he reached Wash­
ington and resumed his regular duty in the office. He participated in further meetings of the 
commission at St. Louis, Mo., in April, 1897, leaving Washington on the 27th and returning on 
the 2d of May, and at New York from .June 23 to~~. 

Assistant n. J;. Whiting until the date of his death also served as chairman of the Massa­
chusetts State Topographical Surve,y. 
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ABSTRACT OF OFFIC:E ANNUAL REPORTS, FISCAI_J YEAR 1897. 

ABSTRAC'r OF THE ANNUAL H.EPORT OF 'rHE ASSIST.ANT IN CHAHGE OF THE 
OFFICE. 

The report of the Assistant in Charge of the Office, 1\1r.0. H. 'l'ittmann, is accompanied by the 
reports of the various chiefs of divisions, and these show in detail the progress made in the 
various branches of the work confided to their care. Mr.'fittmann served as Assistant in Charge 
of the Office throughout the year, and during brief absences of the Superintendent also acted in 
his place. · 

'rhe computing division has continued under the charge of .Assistant Charles A. ~chott, 
and his report shows a large amount of computation, reduction, and discussion of field results 
accomplished during the year. Mr. Schott has also prepared and submitted for publication a 
series of valuable reports on various branches of the work, four of which will appear as appendices 
to this report, viz: No. l, Distribution of the magnetic dip and intensity in the United States 
for the epoch .January 1, moo; No. 2, The telegraphic longitude net of the United States and its 
connection with that of Europe; No. 3, Hesalting longitudes of Kadiak, Unalaska, and Unga, 
Alaska, as determined chronometrically from Sitka in 1896; and No. 47 Resulting heights from 
spirit leveling between Holliday and Salina, Kans., from observations of 1895. 
· The computing division in April, 1897, suffered a severe loss by the sud.den death of Mr. 
Charles II. Kummel, an accomplished mathematician who had been connected with the Survey 
for nearly seventeen years. 

The practice of detailing members of the field force to assist in the work of the computing 
division when not engaged on field duty or on the computation of their own field work has been 
continued with beneficial results. The following-named assistants thus served. for the periods 
given: H. G. Ogden, from July 1 to December 12, 1896; F. A. You11g, from September 8 to 
December 4, 1896; A. 'l'. Mosman, from November 2, 1896, to April 7, 1897; Isaac Winston, from 
April 7 to May 15, 1897; .T. B. Baylor, from .Tune 21 to 30, 1897; and Aid W. Bowie, from April 
19 to ,June 26, 1897. 

'l'he tidal tlivision has remained in charge of Assistant H. L. M:arindin, who also served as 
executive officer on several occasions, matle a hydrographic survey of the mouth of the Brazos 
River, Texas, and served as member of the Mississippi River Commission. During bis absences 
from the office l\tr. L. P. Shicly acted in. bis place as chief of the tidal division. The services of 
Mr. Marindin in the field and as member of the Mississippi River Commission have been fully 
noticed under the head of "Field operations." His report of the tidal division shows a creditable 
amount of work accomplished during the year, and again calls attention to the desirability of an 
increase of the force in order to enable the office to utilize the great mass of tidal data which is 
constantly accumulating. Parts I and II of the Manual of Tides, by Mr. R A. Harris, have been 
completed and will appear as appendices to this report; Part III of this work was first prepared 
and was published in the report of 1894. 

Various members of the field force when not otherwise employed were detailed for short 
periods to assist in the work of the tidal division, viz: .Assistants J.B. Baylor, J. A. Flemer, W. 6. 
Hodgkins,·c. H. Sinclair, and D. B. Wainwright during part of January, 1897; Assistant C. T. 
Iardella for a portion of June, 1897, and Aid Albert F. Zust throughout the year. 

The report of the drawing and engraving division is submitted by Assistant Stellman Forney, 
acting chief of the division, as t.he regular chief, Assistant Will Vv ard Duffield, has been engaged on 
field. duty in Alaska since April. Messrs. Duffield and Forney have very snccessfnlly conllucted 
the business of the division, and the report of the latter, which is printed iu full, further gives in 
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detail the. amount of work accomplished iu the drawing, the engraving, the electrotyping, the 
photographing, and the chart-printing sections. Numerous calls for information from official aud 
private sources have received prompt attention, and many of these required the preparation of 
drawings or tracings. In the drawing section 46 chart drawings were completed during the year, 
and a number of others a"rc in progress; 21 original topographic sheets were inked and lettered; 
23 topographic and 39 hydrograpbic projections were. constructed for field parties. Jn the 
engr:lviug section 51 copperplates of charts, sketches, and illustrations were completed and 76 are 
in progress, and 502 plates were corrected by the addition of uew data from resurveys, etc. ln the 
plate-printing section 1109 plates were printed from, 53 012 impressions being struck off, 47 258 of 
which were transferred to the chart division. In the electrotyping and photographic section 43 
bassos and 33 altos were completed, 18 being for the Mexican Boundary Commission, and 10 scroll 
die plates were made for the Bureau of Engraving and Printing, the whole representing a deposit 
of 2 015 pounds of copper on 82 565 square inches of surface; 160 negatives and 1 822 blue, silver, 
bromide, and nigrosine prints were also made. 

The chart division has rell).ained under the charge of Assistant Gershom Bradford, wlto has 
conducted its business in his usual thorough and efficient manner. His report gives full informa- · 
tion as to the publication, distribution, and issue of charts during the year and ~he receipts therefrom. 
He also gives a table showing the chart distribution and receigts for each year from 1889 to 1897, 
from which it appears that the total distribution for 1897 is 11 per cent less than for the preceding 
year, but this is attributed to the fact that fewer new charts have been issued. 

Mr. Bradford, in additiou to his regular duties, has prepared a &,tudy of the inland water ways 
of the Atlantic coast of the United States from New York to Key West, and has compiled and 
prepared for publication a table of depths for channels and harbors of the coasts of the United 
States. The latter has been published as Bulletin No. 36. 

The instrument divisi01i has contmued under the able direction of Assistant J. F. Pratt, 
and his report gives full details of the work accomplished during the year in the instrument and 
carpenter shops. Mr. Pratt from September 28 to October 7 was absent on field duty, repairing 
and readjusting the Reedy Island tidal indicator, during which time the chief mechanician, J\Ir. 
E. G. Fischer, took charge of the division. Mr. Pratt makes special mention in his report of the 
reconstruction of a Gambey theodolite, the construction of a new tide-predicting machine, and 
certain improvements made in the self.registering tide gauges used by the Survey. He has 
prepared a paper on the latter subject, which will be published as an appendix to this report. 

The miscellaneous division has contmued under the charge of Mr. W. P. Ramsey, a1~d his 
report contains the usual information relative to the distribution and sale of the various publica­
tions of the Survey and the numbers of each received during the year from the Public Printer. 
He has, as heretofore, attended to the business with the sales agencies and examined and verified 
their quarterly statements. Thirteen new agencies for the sale ot: charts and other publications 
were established during the year aud 6 ol'd ones were discontinued. The total number of agencies 
now existing is lO!l. 

'l'he library and archives division for the greater part of the year remained under the charge 
of :Mr. H. S. King, but in the latter part of May he handed in his resignation and was granted 
leave of absence for the month of June. Mr. Artemus Martin was designated to act as chief during 
his abseuce, and was subsequently appointed to the position, the appointment taking effect July 
1, 1897. Mr. Martin's report contains the usual statistical information relating to additions to the 
library and the receipt and registration of field records, topographic and hydrographic sheets, etc. 

In the immediate office of the Assistant iu Charge 110 changes occurred during the year, 
Messrs. A. B. Simons and E. B. Wills and Misses Sophie Hein and Kate· Lawn continuing. to 
perform their respective duties as heretofore. 

ABSTRAO'l' OF THE ANNUAL REPOltT OF 'rHE HYDROGRA.PHIC INSPEOTOR . 

. Lieut. Commander H. G. 0. Colby, U. S. N., continued to serve as Hydrographic Inspector 
until December 23, 1896, at which date he was relieved by Lieut. Commander E. D. Taussig, 
U: S. N., nn officer who had previously had considerable experience in the hydrographic field work 
ot the Surve.)'. Lieutenaut·Commander Taussig has submitted a very full and detailed report of 
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all the hydrographic and other work executed during the year by the naval parties under his 
charge, accompanied by the nsual reports of the office work of the Hydrographic and Coast Pilot 
divisions, which are also under his general direction. During the year the Hydrographic Inspector 
bas visited and inspected all the naval parties in the field and their vessels, with a view to secur­
ing greater uniformity in the methods of work and at the same time enabling him to judge intelli­
gently of the proper allotments to be made for repairs and party expenses. He highly commends 
the zeal and efficiency displayed by aill the parties in the prosecution of the surveys assigned them, 
and reports that a very gratifying amount of work has in each case been accomplished. The 
repairs made during the year to the various vessels of the Survey, and the amounts of money 
expended in each case, are shown in detail, and the usual statistical tables also accompany the 
report. The hydrographic surveys of the year cover an aggregate area of 1 029 square nautical 
miles, and the aggregate length of lines of sounding run is 11 :n7 nautical miles, 'the number 
of angles measured to locate soundings is nearly 130 000 and tbe number of soundings taken 
over :)70 000. 

The hydrographic division continued under the immediate charge of Lieut. H. Hodman, 
U.S. N., until April 28, 18!)7, when be was assigned to sea duty. J_,ieut. G. Tarbox, U.S. N., chief 
of the coast pilot divisio11, then assumed charge, filling at the same time both positions until June 
15, when he was detatched, his services being required by the Navy Department. Lieut. J.C. 
Gillmore, U. S. N., reported for duty on the rnth of June, and assumed charge of the hydro. 
graphic division the same day. His report embraces the whole fiscal year, and shows that a very 
satisf'actory amon11t of work has been accomplished. Forty-five hydrographic sheets were com­
pleted in this division, and 'these involved the examination of 308 volumes of records and the 
platting of over 12;) 000 angles and 436 000 soundings. Besides this a large amount of miscellane­
ous work received attention; 277 drawings and proofs of charts were verified, 149 miscellaneous 
drawings and tracings were made, 5 679 charts were corrected to date, from data obtained from 
field surveys and resurveys, and comparisons of old and new surveys were made. The monthfy 
Notices to 1\Iariners were also compiled and prepared for publication. Lieutenant Gillmore con­
firms the reports of his predecessors as to the zeal and efficiency of the employees of the division, 
and has words of commendation for all. 

'l'he coast pilot division continued under the immediate charge of Ensign Glennie Tarbox, 
U. S. N., until June 15, 1897, when he was recalled by the Navy Department, as already stated 
above. Be was succeeded on June 19 by Lieut. J.C. Gillmore, U.S. N. The report for the year, 
however, is submitted by Ensign Tarbox, who states fully the progress of the work and makes 
valuable suggestions regarding its future conduct. 'l'he compilation of Part VIII of the Coast 
Pilot, including the whole Gulf Coast from Key ·west to the Rio Grande, was completed and sent 
to the printer in December, and was finally issued early in April. Supplements to Parts IV and V, 
containing additional informa~ion and corrections to date, have also been completed. A second 
edition of Part VI, embracing Chesapeake Bay and its tributaries, is in _course of preparation, 
and much material for it is already on hand. As some time must elapse, however, before this can 
be completed, as extensive field surveys remain to be made, a supplement to the first edition, 
containing the important infor1i;iation now available, has been prepal'ed and is now in press. 'l'he 
coast pilot division has also been charged with the selection and establishment of ranges at 
various points by which mariners may determine the deviation of their compasses. This impor­
tant matter has never before received the attention it deserves, and the ranges now being estab­
lished will prove of great value to the maritime interests. The ranges will be fully described in 
later editions of the Coast Pilot, and their true and magnetic bearings will be given. They will 
also be shown as far as practicable on the Uoast Survey charts. 

The Hydrographic Inspector's report and the accompanying reports of the clliefs of the 
hydrographic and coast pilot divisions are printed in full further on under the title of Office 
Heport No. 2, 
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ABSTRACT OF 'rHE ANNGAL REPOH.T OF 'fHE ASSISTANT IN CHARGE OF THE 
OFFICE OF STANDARD WEIGH'rS AND ME.ASUHB8. 

This important office has continued under the charge of Assistant Andrew Braid, whose 
annual report is published as Office Report No. 4. 'rhe usnal amount of work for other depart­
ments of the Government and for outside parties has been accomplished, and prompt response has 
been made to the numerous calls for information. Assistant Braid urges the necessity of increased 
approp'riations for the purpose of enabling the office to acquire instrum('lnts which are necessary 
for the electrical standards work about to be undertaken, and provision therefor has consequently 
been made in the estimates submitted for the fiscal year 1899. 'rhe work of the year has princi­
pally consisted of the verification, adjustment, and standardization of various standards of length, 
weight, and capacity, thermometers, alcoholometers, salinometers, etc., but special mention is made 
of certai11 .mportant operations not of the regular routine order. 'rhe results for the year have 
been highly satisfactory, and it is gratifying to observe the growing recognition and appreciation 
of the importance of the work of this office, not only by other departments but also by the general 
public. Since the close of the fiscal year important work in connection with the testing and 
standardization of polariscopes and other apparatus used by the customs service in determining 
the rate of ·duty to be imposed on import sugars has been u11dertakei1 and is now in progress. 
'l'his work belongs to the fiscal year 1898, but it is merely referred to here as apropos to the subject 
under consideration. A tabular statement of the verifications, standardization, etc., for other 
departments or bureaus and for outside parties accompanies the weights and measures report. 

Assistant Andrew Braid, in addition to bis duties as chief of the Weights anrl Measures 
Office, has attended to the preparation, compilation, and editing of the Superintendent's Annual 
Report, and served as a member of the advisory boards on instruments, publications, and library. 

SUPBRINTENDBNT'S OFFIOE. 

'l'he Superintendent in July, 1896, proceeded to the 'West coast for the purpose of inspecting 
the work of the Alaskan field parties and examining the various inlets reaching to the probable 
boundary line between southeast Alaska and British Columbia. Be, accompanied by Lieut. IT. 
Rodman, U. S. N., joined the steamer Patterson at Seattle on the 14th of July, and after visiting 
the head of Portland Oaual, Clarence Strait, nnd llehm Canal, and the various inlets as far as 
Yakutat Bay, returned to Peril Strait and inspected the methods of surveying practiced by the 
uaval officers on board the Patterson. Proceeding to San Francisco in August, he inspected the 
suboffice and the field parties engaged in the resurvey of San Francisco Harbor, and finally 
returned to Washington on the 14th of September. During this absence and subsequent briefer 
ones, Assistant 0. IT. 'l'ittmann acted as Superintendent, Assistant RD. Preston as Assistant in 
Charge of the Office, and Assistant H. L. l\Iarindin as executive ollicer. Except for the periods 
mentioned, Assistant E. D. Preston served as executive officer throughout the year. The Oilice of 
Standard Weights and Measures, its stated in the preceding paragraph, remained throughout the 
year under the direction of Assistant Andrew Braid, who also had charge of the preparation of 
the Snperiute11de11t's Annual Report. l\ir. G. J,. Flower, having been promoted to a position on 
the field force, was succeeded as private secretary on July 22, 1896, by Mr. A. IL Bailey, who 
~erved for the remainder of the fiscal year. Mr. William B. Chilton served as clerk in the Snper­
mtendent's office throughout the year. 

DISBURSING OFFICE. 

Mr. R J. Griffin served· as disbursing agent until March 24-, 1897, when he resigned, and was 
succeeded by Mr. Scott Nesbit, whose annual repo1·t giving a detailecl statement of all expc111litnres 
ma<~e during the year is given in full as Office Report No. 3. No change has occurred in the 
cler1~al force of this oflice, Mr. N. G. Henry, Miss Ida M. Peck, and Mrs. Jennie H. Fitch having 
contmued to perform satisfactorily their respective duties. 
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SUBOFFICE. 

The suboffice at San Francisco, Cal., continued in charge of Assistant A. F. Rodgers through­
out the year~ but during his absences at Washington, D. 0., and Los Angeles, Cal., on duty as 
member of the Santa Monica-San Pedro Deep Water Harbor Board, he was temporarily relieved 
by Assistants J .• J. Gilbert and .E. F. Dickins, the former acting from November 10 to February 8, 
and tbe latter from February 9 to April 3. Assistant l~odgers, in addition to the usual office work 
devolving upon llim, has directed and exercised supervision over various field operations, such as 
the topographical resurvey of San Francisco Bay and Harbor, the incidental triangulation, the 
running of the Sausalito tidal station, sundry special examinations of reported dangers to naviga· 
tion, and the establishment of a new astronomical observatory at Presidio and its connection with 
the old one at J,afayette Park. Iu the field and office work under his charge he has been aided 
at various times by Assistants .J. J. Gilbert, E. F. Dickins, Fremont Morse, and 0. B. French, and 
Messrs. Ferdinand West<lahl and Frank W. Edmunds. Mr. H. S. Ballard served as tidal observer 
throughout the year, and .Mr. Vincent Denis has continued to perform messenger and miscellaneous 
duty. 

OBITUAHY. 

On receipt of the intelligence of tbe death of Assistant Henry L. Whiting, the Superintend­
ent called a meeting of the officers and members of the Coast Survey to take such action as they 
deemed ad vi sable in the matter, and on their convening addressed them as follows: 

GENTLEMEN: To-<lay's mail brings the painful intelligeueo of the su<lclen death of Assistunt l-Ienr~· L. Whitiug 
at his home in llostou, Maas. 

Mr. 'Vhiting wa.s the senior Assistant of tho CoaJlt Survey, his first appoiutmont dating .July 6, 1838. Had lw 
]i,•ed until next .July he wonld have served in that bureau fifty-nine ~·ears. ·ne was born Felirnary 5, 1821, ancl died 
on the day preceding the anniversary of his birth, February 1, 1897, having nearly completed bi.~ seventy-sixth 
year. 

The Jaw which compels the withered leaf to fall, which gathers the ripened grain to it8 place of rest, is not n 
harsh and crnel, but n wise and benevolent one. 'Ve must not, therefore, rebel against its enforcement. 

Mr. "rhiting's life haH been a busy one. He has made his murk upon the generation in which ho lived. Ile has 
aidecl the worl<l in its forward progress. But his task is finished, his work is done. His life has bccu fully rounclecl 
out and completecl. He has outlived tho throe score years aud ten which tho Psalmist allots to suffering humanity; 
he has been gathered like a shock of grain fully ripe. 

I have therefore taken the liberty of calliug you together to decide what action you demn a1lviHable in the 
matter of Mr. 'Vhiting's death, and in what form yon will give expression to that action. 

Assistant Charles A. Schott moved that a committee of five be appointed by the Superin­
tendent to act in the matter. 

The Superintendent appointed Messrs. Schott, Mosman, Iardella, Marindiu, and Tittmann as 
snch committee. · 

At a subsequent meeting the following resolutions were adopted, and the Superintendent was 
requested to forward a copy of them to Mr. Whiting's relatives, with a biographical sketch of his 
services in the Coast Survey, such resolutions and sketeh to be entered in the Superintendent's 
Annual Heport. 

RESOLL.;TION:';. 

lJNITEIJ STATES COAST A:S-D GKOJ))C'flC SURYF.Y, 

Washin9ton, D. ·c., 1"ebrua1·y G, 1897. 

At a meeting of the memborH of the field nncl office force of the Const and Geodetic Snrvoy, callccl by the 
Superintendent for the purpose of giving expressions to tho souse of the loss sustuinocl by tho Survey hy tho death 
of Assistant Henry L. "'hiting, tho following resolutions wore passed: 

(1) That in the donth of Assistant Henry L. 'Vhitiug, the Survey loseH its ol<lest offiC'er in length of Rervi<-o, ono 
idcntificcl with the Survey from the time of its first snperintcndcnt, Hassler. 

That hi11 able and faithful services during those fifty-nine your&, nnd Ms fidelity to the public interests in the 
discliarge of tho various and responsible du ties of his position, rnako hiH loss one to be deeply deplorocl. 

'2) That th~ traits happily combined iu his character, his absolute integrity, his unfailing courtesy uncl kind­
liness of heart, gained for him tho respect and affection of his brother officers nn::l all others with whom ho has been 
associated, :rnd the warm attachment of bis friends. 



H.EPOR'l' POR 1897-PAH'l' I. ABSTRACTS OF OFFICE HEPORTS. !)7 

(3) That the officers antl members of the Snrvey assembletl here to-day desire to have placed on record their 
exprt'ISsion of their great loss, both lle'rsonnl and otlieial, and they would ask tho privilege of extending their dcop 
sympathy to tho family of 111r. Whitin~ in their bereavement. 

BIOGHAPHICAL SKETCH. 

1'o the members of the United States Cdast mid Geodetic S111'vey: 

UNITED STATES CoA,;T AND G1·:01n:Tic Su1n'EY, 

11'ashi11glo11, I>. C., F1:b1·11a1·y Ii, 1897'. 

It becomes my painful duty to announce to yon the death of our oldest and most faithful Assistant of tlw 
Survey. 

Henry L. Whiting, Assistant, Coast and Geodetic Stir\'oy, died at his hom<i on Marthas Vineyard, l\lassachuset.ts, 
February 4, 18!17, in tho senmty-sixth year of his age, and iu the fifty-ninth year of liis sl'rvicos on the Coast Survey. 

Assistant \Vhiting was boru in Albany, N. Y., February Ii, 1821, and entered the Survey in .July, 1838, ns 
topographer, and ho was the last snrviYor who served under all tho Suporintendnnts t.110 Sul'\•oy has had. Duriug 
his extraordinarily long career he most faithfully devoted his euergies to hiR life's task, n'lld it can justly bo said that 
to him more than to anyone else is duo tho development of tho art of topography on tho Snrvoy. How· much his 
services were appreciated in this 1liroction, aUtl tho confidence placed in his ability by tho several chiefs of tho 
SurYoy, are abundantly shown by tho fact that he was from early times frequently called upon to inspect. the fioltl 
work of other survey parties, aml that his counsel was sought in qulll!tions of improvomeut of navigation nut! 
invost.igations of chauges in natural features of coast and harbor lines. 

Though the field of his principal lu.bors was on the coasts of Maine, Massachusetts, Rhoclo Island, mHl .l\ew 
York, we find him nlso engaged in special surveys along the coast as for south as Florida, and in 1876 he was directed 
to inspect the topography so far executed on our Pacific Coast and report as to tho best manner of its continuation, 
under pressing conditions. 

ln 1866 he wu.s detailed for a time as instructor in practical survey~ to tho Naval Academy at Annapolis. In 
186!) his knowledge of tho features of the coast was called for in the location of tho' trans-Atlantic cable at Duxbury, 
Mass. 

It was, however, in the dir(lction of the iiorformance of larger and more responsible duties that ho rendered 
the most important services. Thus, in 1884, we fiml him appointed as one of three commissioners to conduct tbo 
topographic sun·ey of the Sta to of l\111ssac!tus11tts, which afterwards dev(lloped into n comp lo to trigonometric sune~·, 
including town as well as State boundaries. Of this work ho has heon director since 1892, nnd one of his last acts, 
bnt n fow days ago, waa in tho intorest of the continuance of the trigonometric survey of the State. 

He was also a melllber of the board of harbor commissioners for Boston Harbor. A not less important position 
was fille<l b~· him as a member of tho Mississippi Hiver Commission. His appointment to the latter dates from .hmo 
10, 1890, an<l the duties connected therewith were faithfully discharged by him to the time of his death. 

Since his appointment in 1884 us one of tho commissioners of the topographic survey of the Stnto of Massachu­
setts his acti \'O Held dutioa as an Assistant of tho Coast Survey have ceased. Yet he still retained tho position of au 
AssiRtnnt, and· as such represented the Coast Survey upon both the topographic survey of 111ussnchusotts aud tho 
Mississippi Hivor Commission. 

\Vi th him a most useful life hns passed away, and his devotion to his duties may Nerve 11s 11n example worthy 
to bo followed. 

<Jharles Hugo Kummell, computer, died at Washington, D. <J., on the 17th of April, 1897, in 
the sixty-first year of his age. He was born at Wetter, Blectora.te of Hesse Cassel, Prussia, and 
was educated at the Polytechnic School at Cassel and at the UniYersity of Marburg. He came to 
the United States in August, 1860, and was engaged in teaching mathematics and music until 
appointed to a position on United States Lake Survey in 1871. He served with the Lake Survey 
until October 31, 1880, and in November of the same year accepted a position as computer in the 
omce of the Coast and Geodetic Survey. 'l'he latter position he held to the date of his death. 

· Mr. Kummell was an able mathematieiau, rind at various times contributed valuable mathe­
matical papers and solutions of intricate problems to the mathematical and astronomical journals 
and to the annual reports of the <Joast and Geodetic Survey. His knowledge and experience and 
bis amiable disposition made him a valued member of the computiug force of the ollice, and one 
whose loss is much and sincerely regretted. 
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TABLE No. 1--1897. 

J)istrilnttion of the.field parti1Js of the Coast and Geodetic Survey npon tlte Atlantic, Ott~( of Mexico, and 
Pacific coasts, and in the inte1·ior of the United States, during the fiscal yem· ending June 30, 1897. 

1.-EASTEHS DIVISION-STATES EAST OF THE ~IISSISSIPPI RlVIrn. 

I. Maine. 8. New Jersey. IS. South Carolina. 22. Ohio. 
2. New Hatnpshire. 9. Pennsylvnnin. I6, Georgia. 23. In<liann. 

3· Vcrn1ont. IO, Delaware. I7. Florida. 24. Illinois. 
4. !\lassacltusctts. II, '.\faryland. IR. Alabama. 25. West Virginia. 
5. Rhode Island. 12. District of Col um bin. I9. Mississippi. 26. Kentucky. 
6. Connecticut. 13, Yirginia. 20. Michigan. 27. 1~ennessec. 

7. New York. I4. North Cnrolinn. 21. \Viscousin. 

---------- ------... ------ --------~---
Pn_rtie~r--~~e~~tious. ·-- ! Persons conduc~ing operations. --------~ocn_I~~~~s of work, etc. States. 

Vermont, New York, 

and Cauadn. 

:'.\lassachusetts ....... . 

Illassachusetts ....... . 

:\tassachusctts ....... . 

l\tn.ssnchusetts ....... . 

:\lassachusetL'i ....... . 

:llnssachus et ts and 

Rhode Island. 

:.\Inssachusctts .. . 
:\-tassachusetts ...... . 

Rhode Island .. 

Il!assachnsetts, New I 
York, and Canucln. I 

Rhode Island n n d 
New York. 

~cw York. 

:-:cw York 

New jersey, Dcln­

wnre, and ~Iaryland. · 
Deln"·nrc ... 

:\o. 1 , Prin1ury triangula- ) A. 'l'. :\losmnn, Assistant ......... Connection of l\lou11t Roynl, near Montreal, 
lion. ~ Canada, with the. primary triangulation of 

2 ' llydrogrnphy........ J,ieut. Commander A. Dunlap, llydrography on the coast of l\lussnchusctts he-
1 

I Ycrmont nnd New York. 

6 

9 
JO 

12 

• U.S.::\"., Assistant. tween Gloucester nnd :Manchester. 
Hydrogmphy..... ' I,ieut. G. C. Hanus, U. S. N., As- Hydrog~aphic resurvey of Buz7.nrds Bay-upper 

j sistnnt. part. 

llydrogmphy ....... ·.1 J,icut. Robert G. !'eek, l:. S. N., 
Assistant. 

Hydrogrnphic resurvey of Buzzards JJny-vicin­
ity of Woods Holl to Cuttyhunk; also deter-
tnination of new position for the Nantucket 
South Shon! light-ship . 

'J'opogrnphy 

Topography 
llyclrogmphy ... 

i 
. . . . j Slehmnn Forney, Assistnnt 1 and 

'Villia.n1 .Bowie. 
Topographic resun·ey of Buzzards Boy. 

\V. I. Vinal, Assistant............ Topographic survey of Naushon Island. 
I,ieut. J.]. Blandin, U.S. N., As- Special hydrogrnphic exnminntionsand surveys 

sistaut. in Nantucket nncl Vineyard sounds and on 
I the coast of Rhode Island. 

:1:opography ........ ·i W. C. Jlodgkins, Assistant ....... ! Topographical survey of Mnrthns Vineyard. 
lopography ......... 

1 

W. I. \'inal, Assistant. ........... .'[ Topographical survey of J\lnrthns Vineyard. 
Trinngulntion ....... D. II. Wainwright, Assistant ..... Determination of the geographical positions of 

light-houses in Narragansett Bny nntl Provi­
dence River. 

tongitudc detcrmi-1 C. 11. Sinclnir, Assistnut, and R. 1~clegrnphic longitude detertninntions ·~111d 
nations, etc. I I ... Faris, Assistant. ntagnetic observations at Alhnny, Cntnbridge. 

nnd Montreal. 
llydrogrn1>hy ..... I,ieut. W. s. Benson, U. S. N., I !Iydrogmphicsurvcys to the southward of Dlock 

Assistant; Lieut. J. ]. Illundin, Islnn<l and off Montnuk Point, and specinl 
U. 8. N., Assistant. ~ cxntniuntions off Urightmnns Bench, in Fish-

1

. ers Island Sound, nnd in Greenport Harhor. 
13 I 'fupogrnphy ........ C. T. Innlclln, Assistant . . . . . . . . . Continuation of the topographical resur\·ey of 

I 
the southern shores of Long Island. 

t4 Tidal ohscn·utions ... ]. C. Sy>nulding, tidal ohserver. '!,Continuation of the tidal record and the anto-
1110tic tidal indicator ot Fort Hatnilton tidal 

15 Triangulation .. .- .... F. \V. I>crk.ins, A~islant; \\'. ll. 

Fairfield, Assistant. 
Dr. A. JI. G lennan, U.S. Morine-

fiospital :o;ervice. 

station, New York I_Iarbor. 
Hxtcnsion of the transcontinental nrc castwnnl 

to Capes 111ny nnd Henlopen. 
Continuntion of the tidal record and the nuto­

matictidnl indicator at Reedy Island, Delaware 
River. 
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Distribution of the ,tield prirtics of the Coast and Gt:odetic Sur1Jcy, d1·.-Continued. 

1.-EA:-iTEUX DIYI810N-8TATES EAST OF THE l\ll:-iSISSIPl'I lUVEH-Continne(l. 

States. ___ ----l~arti:~-!. Operations. Persons conducting operations. I ... ocalities of work, etc. 

Delaware and District ! Ii I..,onf,ritudc, Jatitude, 
1 

C. H. Sinclair, Assistant; 0. ll. 
. of Colutuhia. [ and n1agnetic d<:- · French, Assistant. 

Telegraphic dctcnuination of the difference of 

longitude between \Vashi}1gton, D. C .. and 

Dover, Del.; also latitude and,1nagnetic detcr­

n1inations. 

District of Columbia .. 1 

Maryland ......... . 

i 
Maryland ............. j 

!llaryland ....... . 

Maryland .... ········ ·1 

I 
I 

\'irginia ancl 

land. 
:11ary-1 

\'irginia .............. . 

\"irginin .............. . 

\"irginia ............. ·i 

South Caroli nu ....... . 
I 
I 

(jcorgia ............. . 

Gcorg-ia 

Florida .............. . 

Florida ........ . 

ter111inations. 

18 Tidal observations ... i Tidal di,·ision, tT. S. Coast and Continuation of the tidal record at the tidal sta­
tion al the U.S. Navy-Yard, \Vashingto11 1 D. C. 

'l'rin 11gulatio11 .•••••• ! 

Geodetic Survey Office. 
D. H. \Vain wright, Assistant ... Resurvey of Chesapeake Bay and tribntarics­

'friangulation of Patapsco River and upper 
part of bay from Kent Island to Pool es Island. 

20 [ Hydro"'raphy ........ I ... ieut. Commander A. Dunlap, 

I r. s. N., Assistant. 

Resurvey of Chesapeake Day-Ilydrography in 
the vicinity of Baltimore Harbor cntmncc. 

21 i Triangulation and I J. A. Flcn1er, Assistant ........ . Resurvey of Chesapeake llay and trihutalies­
Triangulnlion and topography of Chester 

22 

23 

24 

topography. 

Tria11gnlntio11 ........ I D. Il. \\'ainwright, Assistant .. . 

Hydrography, etc .... 
1 

l,ieut. 1'. IL Tillman, l:. S. N., 
Assistant. 

Triangulation ....... ·i J. D. Baylor, Assistant. 
I 

Astrononlica t and IC. ll. Sinclair, Assistant .. 

111aguetic. j 
. . . . . . i 

l\.Iagnctic .... ... i J.B. Baylor, Assistant .......... . 

I· 

Resurvey of Chesa.pcake Day-Triangulation 

north\\.'ard fron1 the month of the I>otomac 
River. 

Re,;urvcy of Chesapeake llay nnd lributaries­

Ilydrogmphic survey of the south hranch of 
Elizabeth River; erection und dctcrminatio11 
of signals at Baltilnorc entrance; current olr 

servations nt various points. 
Resurvey of Chesapeake Day-'!'riangulation of 

the southern portion of the hay. 
l.,atituclc and 111ag11ctic detern1iuations at Rounct 

Hill and Leesburg. (Sec also under head of 

Special Operations.) 
:\·Iagnctic detcnninations and establislnuent of 

n1cridia11 tines nt Richtnond, Accomac Cou1t­

hous~, Norfolk, and Greenville Courthouse, ! 

I 
Virginia. 

Ti<lal obscn•ations ... B. \\".'\.'eeks, tidal observer.... Continuation and completiou of the tidal record 

at Port Royal, S. C. 

llydrography ........ J Lieut. J. ]. nlaucliu, l'. S. -:-;., Hydrographic resurvey of Savannah River cu-

l 
Assistant. tranceancl Calibogne Sound lo llraddock Point. 

29 , llydrography ....... Lieut: Robert G. l'L"ck, L". S. N., Brunswick Bar. (Sec under head of Special 

Assistant Operations.) 

Tidal observations .. ·1 A. I,. llaldw111, As.istant; ll. W. Establishment of a tidal station al Fernandina, 30 
\Vee ks, tidal ohs<:rvcr. Fla. 

31 Geodetic ............. [ II. G. Ogden, Assistant......... Geodetic connection of the Atlantic nnd Gulf 

I 
coasts of Florida. 

. .... 

1 

32 Triangulation ....... \V. B. Fairfield, Assistant ........ 

1

\ Continuation and con1plction of the triangula-
tion of the oblique arc in Alnh:una. 

!\Iississippi. ..... _._·_·_··_·_: __ 3_3~-l'reci:~ !=~~~'~---- ... , Isaac Winslo~~ssi:tan~:~· ... , Pr:1~~:~ lcycling from \"ickshurg lo Meridian, 

Alabama. 



REPORT FOlt 189i-PA.H'l' I. 63 

.Distribution of the field parties of the Coast and Geodetic Survey, ete.-Coutinucd. 

IJ.-:\IIDDLE DIVISION-STA'i'ES AND TERRITORIES BETWEEN THE MISSISSIPPI RIVEi{ AXD THE 
HOCKY MOUNTAINS. 

28. ::\liuncsota. 3r. Iowa. 
29. );orth Dakota. 32. Nt.•brnska. 
30. South Dakota. 33. l\lissouri. 

34. Kansas. 
35. A rkn nsas. 
36. Indian 1'erritory. 

37. Oklahoma Territory. 
3~:L Louisin nn. 
~9· Texas. 

States. lrarties I Operations. : l'er:;ons conducting operations. , I,ocalities of work, etc. 

;::1isi~:~.·=:~t:-:-i 'rriangulutiou,-to1~~~1~'. A. W~lker, Assistant. -~~~:·-~u;~.~~~~~~·~:nchartr~:. Louisiat-:-------

'l'exns . ............... . 

North Dakota ........ . 

KanSas ... ............. ; 

I\:ansns ... ............ . 

Knusasnnd :\ebraska. 

?tlissouri. .. ...... . 

I raphy and hydrox- 1 

• rnphy. 
35 i Hydrography ... ..... ~ H. 1,,. l\Inriudin, Assistant .. . Hydt·ographic sur\•ey at tuouth of llrazos River, 

'rcxas. (Sec under head of Special Opera­
tions.) 

36 l\Iag-nctics ... R. L. Faris, Assistant .. ·......... :\fngnetic observations at 'Villisto11 1 Rugby, and 
Pembina. (See also under head of Western 
Division.) 

37 

39 

40 

Precise ~evcling...... Isaac \Vinston, Assistant.... . . . Precise le\'eling fron1 Selina to Ellis-This is 
pat t of the transcontinental line of levels. 

Triangulation nml I 
base mcasnrcn1ent. 

Rcco11 na issa nee. . . . . 

I 

I 

Dase 1ueasurc1ncnt .. . 

F. D. Granger, Assistant......... Tmnsco11ti11e11tal geodetic work-Measurelllent 
of a base line nenr Salina, Kans. 

F. D. Granger, Assistant . . . . . . . . . Reconnaissance in northern Kansas fron1 the 
vicinity of the thirty-ninth parallel of north 
latitnde to the northern boundary of Nebraska, 
along the ninety-eighth tneridian of west lon-

A. I.. Baldvw'in, Assistant ......... ! 
I 

i 

gitude. 
Measurement of a verifica•ion hnse nt Versailles, 

Mo., for the trnnscoutincntal triangulation. 

··------- ·----- ------

III.-WESTERN DIVISIOX-STATES Al\D TERIUTORIER BETWEEN THE HOCKY :MOt:.:\'TAINS AND THE 
PACIFIC. 

40. California. 43. Idaho. 46. Nevada. 49. Arizona Territory. 
41. Oregon. 44. l\.Ioutn.nn. 47. t:tah. 50. New f\.Iexico 'ferritory. 
42. Washington. 45. Wyoming-. 48. Colorado. 

---··--·- --
' 

·-. States. -· ----· ;~:~: ___ o~~~~~t-~:ns. Persons conducting operations. [ Localities of work, etc. 

Californin ........... ·I No. 41 Topography .......... -~.-~:~~~'~'' A~.~~~~;,;~~.-.. ·.~1~1linuation o; ~;;·e topographic :~~~r~·e~:--;; 
· i Snn Francisco Hay and Harbor, with inci-

1 

I dc11tal trinnJ.,.T\tlatiou. 

California............. 42 1 Hy<.lrography........ Lieut. Comtnandcr A. P. Osborn, Coutinu:itiou of the hydrographic resur\'t~y of 
U. ~. ::\. 1 As~istant. San Francisco Day nnd Harbor. 

California ....... .... ·1· 43 lly<lrography ... ..... '. Lieut. ju1nes H. Scars, C. S. N. 1 Continuation of the hydrographic resurvey of 
Assistant; Lieut. J. 1\1. Ileltn, San Francisco Day and Harbor. 

I 

Californin ...... ..... . 

California ............ . 

California ............. ~ 
i 

California ............. I 
I 

! 

44 

U.S.:-.;" Assistant. 
llyc\rogrnphy ........ J,icut. James H. Sears, U. 8. :\'., Hydrographic exatnination of Santa Monica 

Assistant. and San Pedro harbor. (Sec nuder head of 
Special Operations.) 

45 Tidal observations . A. F. Rodgers, Assistant; II. 8. Co1iti11uation of the tidal record at the Sausalito 

47 

Astro1101uical, etc ... 
B111lard, tidal observer. 

A. F. Rodgers, Assistant; Fre­
mont l\Iorse, Assistant; 0. B. 

French, Assistant. 

tidal station. 

Determination of the latitude and longitude of 
the new astronotnical station at Presidio. 

:llngnetics..... . . . . . . . H. I'. Ritter, Assistant . . . . . . . . . . . :ll11gnetic determination al Sau Jose, Hollister, 
Santa Cruz, Salinas, Soledad, Sau Lucas, 

Bradley, Santa lllnrgarita, Port Hurford, Su11l11 
~Iaria 1 Los Olivos, Santa Bnrbara, Ventura, 
S..Lngus1 Paltndale, 1\Iojave, Caliente, Asphalto, 

Delano, Visalia, Huron, Fresno, Mendotn, 
Volta, Madera, lllerced, lllodesto, Altamont, 
Milton, Stockton, Santa Rosu, and Napa. 
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Distribution of the field parties of the Ooast and Geodetic Survey, etc.-Oontinued. 

TII.-WESTERN DIVISION-STATES AN'D TEHIUTORIES BETWEEN THB ROCKY :\IOUNTAINS AND THE 
PACIFIC.-Contlnucd. 

--------·. -- -------------------------------·---- ------------------
States. 

California ............ . 

California ............ · I 

Oregon ............... . 

\Vashington ....... . 

t.;tah ................ . 

Utah, Nevada, and 
Idaho. 

:vrontatHL . ..... . 

Parties. Operations. I Persons conducting operations. I I.,ocalilies of work, etc. 
! I 

--~; Ma~netic:·.·.~=.-~:-.1 ~.~I. Fre~;~,-Assis~·:,;t. .~~= -;:;~~:cti:~bserva:;~ns: Kr~mer~ ~::tow, !Jag-

dad1 :Manvel, Ulakc, Oro Grande, San llcruar­
dino, N. Po1nona, Santa l\.fonica, San Pedro, 
Newport Beach, Capistrano, Oceanside, l,a 
Playa, Foster, Snn Jncin_to, Elsinore, attcl 
Indio. 

49 

50 

51 

52 

53 

54 

Triangulation ....... 'i E. F. Dickins, Assistant ......... ·l 

I 
I!ydrograµhy........ Fer<li11and \\'estdahl, Assistant .

1 

. I 
Triangulation a n<l / j.j.Gilberl, Assistant. ........... ! 

topography .. 

Triangulation n n d 
base tneasuretnent. 

Reconnaissance ...... j 

\Villinm Eitnheck, Assistnnl. ... .. 
I 
I 
i 

P.A. Welker, Assistant ......... ·i 

I 
I 

Connection of the Los Angeles base line with 
the p;imnry triangulation of the 8tate; mark­
ing of ter111:i1mls of the hnse line with granite 
1nonun1ents. 

Exan1inntion of reported dangers in the ap­
proaches to the mouth of Coquille River, Ore-
gon. 

Continuation of the survey of Washington 
Sound-Triangulation and topography of San 
Juan Islnn<l, &c.; also topographic and hydro­
graphic examination of the approaches to the 
Port Orchard Naval Station. (For the latter, 
see under !tend of 8pecinl Operations. 

Geodetic work in Utah-'friangulntion and 
ineasnrement of the Salt Lake base line. '!'his 
is a verification base of the great trnusconti­
nental arc. 

Reconnaissance for n prin1ary triangulation 
front the .line'' Ogclcn"- 11 Pilot Peak" through 
t.;tah, Xevada, and Idaho, to extend nltimatcly 
through Montana to the forty-ninth parallel 
of north latitude-Preparations for active field 

Magnetics ............ J 

, operations completed nt the close _of the fiscal 

I year. 
R. L. Faris, Assistant ........... ·' !lfagncticobservations at Harvard and Glasgow, 

___ !__ 
Mont. 

I ·---·-----

IV.-THE DIVISION 01'' ALASKA, INCLUDING ITS COASTS BORDERING ON TllE PACIFIC OCEA:\', ON 
BERI:'-l'G SEA, AND 0:-l' THE ARCTIC OCEAN; ALSO ITS INLETS, SOUNDS, BAYS, IUVEHS, AND 
THE ALBUTIAN AND PRIBILOl•' ISLANDS. 

-·--·- --- ---··--· .i ···--- ··--·-----·--·------· .. -·----

Territory. Parties. Operations. ../- l'e(sons co_'~~ctin~-o-perntions .. 1 ... ----.-=~~nlit~~-s-of_:~~~~~tc. --··· 
Al.askn ................ No. 55 Ilyclrography and I Lieut. Conuna.nder E. K. Moore, Continuation of hydrogrnphic and general sur-

gcneral surveys. U.S. N., Ass1stnnt. veys in southeastern Alaska, vii'!: Peril Strait, 
Salisbury Sound, Sitka Sound, Neva Strait, 
and Alga Strait; tidal observations at Victorin, 
British Columbia, Esquimnlt, 8eymour Nar-

Alask<l., . ........... . 

Alnska. 

I,..atitnde, longitude, 
and ttHl!{tll'tic de­
terminations. 

i 
rows, Sergius Narrows, and Sitka. • 

Fremont ~lorse, Assistant ....... Chronon'1etric determination of differences of 
longitude nt 8itka, Kndink, and, Unalaska; 
also latitude and magnetic determinations nt 
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Distributi.:m o!'.fielll and o:tficc word of the Goa~t and Geodetic Surrey, ctc.-Continued. 

SPECIAL OPERATIONS. 

Stntes. ·Parties.: Persons conducting operations. Localities of work, etc. 

British North An1eri- No. 58 G. R. Putna1n, assistant............. As...,;;istant G. R. Putnam accotnpanicd Prof. A. E. lhtrton's Grt.'enland 
ca nnd Greenland. 

Dela ware and \'ir­
ginia. 

::\farylan<l ....... . 

South Carolina ... 

r~corgia ....... . 

'l'cxns ........ . 

Californin ............ . 

I 
Cnliforni:: ............ · 1 

::\lexico ............... . 

Washington ......... . 

Alnskn ............. . 

C. U. ,;;,,o>•fr, "'"'"""<.. .......... ·1 

6o I,ieut. Commander A. Dunlap, U. 

S. N., assistant; b. B. \Vain­
wrighl, assistant. 

61 \V. C. Hodgkins, assistant ........ . 

62 I,ieut. Rohert c;. !'eek, U. s. N., 

nssistnnt. 

II. I.,. :\larindin, assistant. under 
the cJirection of the hoard of 
engineers. 

I 

expedition and found opportunity to observe at ~he following 
places in British North Atncrica and Greenlnn<l: For tnagnctics 
at Ilnlifax, Sydney, Turnnvic, Ashe Inlet, Godhavn, rrmnnnk~ 
and Ninntilik"; for gravity at Sydney, Ashe Inlet, Umunak. and 

Ninutilik. 
J,atitttdc detenninations ut Do\'er, Del., nncl Round Hill and Lees­

burg, Va., with a view to tln• selection of stations for the Interua­

tional Latitude Sen·ice. llnd.crtakcn in cooperation with the 
International GC"odetic Associui'ion, at the request of Prof. Jo'. R. 

Helmert. 

1",,.;:tying out of a speed trial course in Chesapeake Ray for the speed 
trial of torpedo boats Nos. 3, 4, an<l 5. Work clone nt the rcquc'l 
of the Navy Departrnent. 

Examination of a portion of the bouudnry line between Spartan­

burg and Greenville counties, S. C. At the request of the county 

con1111issioners. 
Hydrographic resurvey of Brunswick hnr1 un<ler thl• direction and 

supervision of the Honorahk the Secretnry of \Vnr1 in accordatKL' 

with the provisiot~s of the river and harbor net of June 3, 18g6. 
Survey at the tnouth of llrrazos River, Texas, to det~nnine tltc value 

of improvements rnnde by the Brazos River Channel nnd Dock 

Compnny. Mndent the request of the hoard of engineers appointed 
in accord~uicc with the provisions of the dvet· and harhor act of 

jlltlC 3, 1896. 
64 A. 'l'. !\Jostnr.n, assistant nnd ;netn- ! Continuation nnd c01nplction of the office work and report of the 

ber of the Boundary Conunis- Iutcr11atio11at Boundary Cotntuission, appointed for the purpose 
sion. of relocutiug nrn.l niarking that portion of the boundary line 

Lieut. Con1111nndtr A. P. Obhorn, 

nssistnnt. 

66 Lieut. Conununch:r A. I'. Os~)or11, 

C. S. N., assistant, n11ckr the di­
rection of the Deep Waler llnr­
lY.>r Board. 

6; i I .. ieut. Connuan<lt:r A. I'. Osborn, 
r. S. ::\"., assistant. 

hctwecn the rnited ~tntes nnrl Mexico frqn1 El Paso to the Pacific 
Ocean. 

Laying out of n. one tnile speed trinlcourse for naval \'Cssels in ~u 
Francisco llay. Done at the request of the Navy Depattmcnt. 

llydrog:raphic cxu111inatio11 of San Pedro nnd Santa ~{onicu bays, at 

the request and under the direction of the board organized undet 
'the provisions of the river and harbor net of 18g6. 

Bent investigations nt Guadalupe Island, northwest coast of l'llexico, 

by Dr .Wilbur Thoburn and Professors Green and Wing, of I.eland 

Stanford t;niversity. 1.'lu: stcnn1cr Gedney, by direction of the 

llonorahle the Secretary of the 'freasury, was placed at their dis-

posnl nnd carried the party and rendered such assistance in lhl• 
I 

1

1 collection of specintens, etc., ns was required. A running survey 

or reconnaissan :'C' of the island wns also made by,Lieutenant-Cont­
ninnder Oshorn's party. 

J. J. Gilbert, assistant. ............ ·i Topogrnphic and hydrogruphic cxnminntion of the npproaches to 

! the Port Orchnrd ~nval Station. :\lade at the request of the llonor-

1 
I 

Prof. Henry G. llryant. ........... ·1 
I 

I 

able the Secretary of the Nnvy. 

The Mount St. Elias Exploring Expedition was fitted out by l'rof. 
lleury G. Bryant in the spring of 18971 nud at his request Assistant 

I~. JI. Latham wns detailed to accompany the expedition. Work 
contemplated includes reconnaissance, triangulntion, topography, 
and the ascent of ~fount 8t. F:tins. Reports not rc~ceivecl at th(" 

close of the fiscnl yenr. 

--- ·-·-··----·---------------------------------------
u584--u 



66 UNl'I'ED STATES COA81' AND GEODETIC SUltVEY. 

TABLE No. 2-1897. 

Statistics of field <ind o.ffwe work of tlte Coast and Geodetic Survey for the fiscal yea.r 1897, and total 
to June 30, 1897. 

1

1 

Total to June 30, 
18<j6. 

During fiscal 
year 1897. 

·rota! to June 30, 
1897. 

i· -- -----· ·-· - -·- -·----·- -1 
RHCONNAISSANCE. i I 

Area in square statute miles ....................... ·i 458 500 I 
Parties, number of ........................... , ...... 

1 

............... , 

HASE !,DIES. 

Primary, number of ................................. I 

Primary, length of, in statute miles ....... .' ......... . 

Subordinate, number of ............................. . 

Subordinate and beach measures, length of .... 

TRIANGUI,ATION. 

Arca in square statute miles ......................... . 

Stations occupied for horizontal measures, number of .. 

Geographical positions determinecl, number of. ....... 1 
Stations occupied for vertical measures, number of. ... : 

Elerntions determined trigonometricall y, n mu bcr of. .. 

Heights of permanent bench marks by spirit leveling, 

number of ....................................... . 

Lines of spirit leveling, length of, in statute mile~ .... . 

Triangulation and leveling parties, number of ........ . 

ASTRONOMICAI, \\'ORK. 

Azimuth stations, number of ........................ . 

Latitude stations, number of. ....................... . 

Longitude stations, telegraphic, number of .......... . 

Longitude stations, chronometric or lunar, number of .. 

Astronomical parties, number of ......... , ........... . 

MAGNE'rIC \\'ORK. 

Stations occupied, number of ....................... . 

16 

!05 

170 

670 

324 795 
14 997 

28 118 

I 157 
2 782 

l 048 

5 II5 

I 124 

3 439 
2 

3 
16 

2 

52 

2 078 

I 15 

265 
20 

38 

42 
192 

17 

4 
7 
6 

3 
6 

78 

i 461 939 
1 ............. .. 

i 
I 

19 
121 

172 

722 

326 873 
15 112 

28 383 
I 177 
2 820 

l 090 

5 307 
.............. 

268 

429 
183 
127 

............... 

I 202 

::\lagnetic obsen·atories occupied, number of ......... . 

l\Iagnetic parties, number of._ ............................... . 
5 :· ............. ·1 5 

5 ' ............. .. 

(~RA VI'l'Y llll".ASURJ•;S. 

Home stations occupied, number of· · ·...... . . . . . . . . . . * 61 
Foreign stations occupied, number of. ... · · · ·. · · · · · · · · 28 !I ............ ~ .. 
Parties, number of ........... ······················.[.·········· ... . 

61 
62 

:¥Two st:ltious ndcled not heretofore counted. 
NoTE.-Ol<l stations r~occuptc<l are not again included in the totals. 



REPORT FO!t 18!!7-PART I. 

Statistics of field and office ?.cork of the Coast and Geodetic Survc.lf, ctc.-Conti11ued. 

-- ---·--· ··-··-·--·--·-------·----·-------------,--------,-,--------, 
Total to June 30, 

18¢. 
During fiscal i Total to June 30, 

year 18<}7. ' 1897. 

---------· ----·----
TOPOGRAPHY. 

Arca surveyed, in square statute miles ............... . 

Length of general coast, in statute miles ............. . 

Length of shore line, in statute miles, including rivers, 

creeks, and ponds ................................. · 

Length of roads, in statute miles .................... . 

'fopographical parties, number of .................... . 

l!YDROGRAPHY. 

99 917 
51 049 

379 
452 

546 

452 
12 

12 Parties, number of, in charge of naval officers ....... · · ....... · · · · · · · ·I 
Parties, number of, in charge of civilian officers ................... · · .. 

1 

2 

Xumberofmiles(geographical)runwhilesounding ... I .516 615 11 317 

Area sounded, in square geographical miles........... 161 955 i 1 029 

Miles run, additional, of outside or deep-sea soundings. 92 9551 ............ · · 

Number of soumlings ................................ 1 22 269 246 i 570 2o8 

38 617 

12 055 

100 463 

51 501 

............. 

............ 

527 93 2 

162 <)84 

92 955 

22 839 454 

Deep-sea soundings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 270 1' ............... ! 13 270 

Deep-sea temperature observations................... 17 955 . . . . . . . . . . . . . . . 17 955 

Ct;~~~~::t~~i-~~~'.1.1~·n·1~~~- ~~ .. ~~~~~'.~~ -~~ ~.):~~~~~~h'.c ................ 1 27 J •.•..•.....•.•. 

• I ; 
Deep-sea current stations, number of ................. i ............... ~ ........••...•. : •.............. 

Deep-sea subcurrent observations, number of .......... I ............... : ............... , .............. . 
Deep-sea surface current observations, number of ..... I .............. . 

Specimens of bottom, number o~ .................... ·I 14 159 
Automatic tide gauges established................. . . . 11 r 

Automatic tide gauges discontinued....... . . . . . . . . . . . 105 

Parties doing tidal work exclusively ................. . 

Parties doing tidal work in connection with hydro-

graphic work .................................... . 

Staff and box gauges established .................... . 

Staff and box gauges discontinued .................. . 

Rl~CORDS. 

Tidal and current observations,originals,number of vols. 

Tidal and current obscrvations,d uplicates, number of vols 

Aggregate years of record for automatic tide gauges .. . 

Tidal stations for which reductions have been made .. . 

Aggregate years of record reduced .................. . 

Triangulation, originals, number of volumes ......... . 

'friangulation, originals, number of cahiers .......... . 

2 430 

2 426 f 

5 309 

3 565 

326 

I 744 

352 

6 985 

32 

2 296 

8 

252 

2 

14 411 

113 
106 

4 I· ............. . 

14 [ .............. . 

::1 ::~ 
111 I 
103 

12 

28 

13 

117 

13 

27 

14 

5 426 

3 668 

338 
I 772 

365 
7 102 

45 
2 323 

22 

Astronomical observations, originals, num berof \•olmnes 

Astronomical observations, originals, number of cahicrs .. 

Magnet'.c observations, originals, number of volumes.· I 
Magnetic observations, originals number of cahiers ... · 1 

Pendulum observations, originals, number of volumes .. 

707 170 ............ ;~ · 1 707 

249 

25 

7 913 Duplicates of above, number of volumes ............. . 

Duplicates of above, number of cahiers ............. . 

Geodetic leveling observations, number of vols. ,originals 

24 

7 765 
162 

166 

110 

43 

*Not including topographical reconnaissance and special cxntninntions in Alaska. 

2j2 

67 



68 UNITED STATES COAST AND GEODETIC 8URVEY. 

Stasistics of field an<l office work of the Coast and Geodetic Survey, etc.-Conti11ued. 
··----------- ------

··------·-·------- -------·-·---- -····-. 

RECORDS-continued. 

Geodetic leveling observations, number of vols., rlup-

licates ........................................... . 

Computations, number of volumes ................... . 

Computations, number of cahiers .................... . 

Hydrographic soundings and angles. originals, number 

of volumes ....................................... . 

Hydrographic soundings and angles, duplicates, num-

ber of volumes ................................... . 

:MAPS AND CHARTS. 

Topographic maps, originals ........................ . 

Hydrographic charts, originals ........ : ............. . 

HNGRA VI:SG. 

Engraved plates of charts ........................ . 

Engraved plates of preliminary charts and diagrams 

for the Coast and Geodetic Survey reports, and of 

maps of the District of Columbia .................. . 

Engraved plates of Coast Pilot charts ................ . 

Engraved plates of Coast Pilot views ................ . 

Electrotype plates made ............................ . 

PRINTING. 

Sheets of charts and maps deposited with sale agents .. ' 

Sheets of charts and maps sold at Coast and Geodetic 

Survey Office .................................... . 

Sheets of charts and maps distributed to Congress, 

Executive Departments, foreign Governmerits, libra-

ries, etc .......................................... . 

Sheets of charts and maps, total distribution ......... . 

-------·-----·--·- ·-·--· 

I' Totnl to June 30, 
18<)6. 

During fiscal 
year 18<)7. 

---- ------··· 

135 

4 400 

686 

13 249 

4 718 

2 236 

2 46o 

646 

902 
So 

104 

2 538 

533 345 

I I IO 946 

22 

15 

174 

337 

271 

29 

44 

6 

JI 

............... 

............... 
76 

31 977 
57 188 

Total to June 30, 
1897. 

157 

4 415 
86o 

13 586 

2 265 

2 504 

104 

2 614 

1· ............. . 
I 

I .............. . 
! 

I 168 134 
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TABLE NO. 3-1897. 

lnformationfitrnished to Departments of the Government in reply to special requests, and to indfoidual.~ 
upon applica(ion, during the fiscal year ending June 30, 1897. 

--~----· ------------ ------------~----------
Date. Nan1e. Data furnished. 

18<)6. 

July Prof. \V. H. Pegran1, "friuity College, Durha1111 N. C.. Reniarks on the tnoon's signs nnd how to find thenl. 
E. I,. Corthell, C. E., New York, N. Y................. Tracing of topographic sheet No. 1530, showing route of the proposed 

Cape Cod Ship Canal, scale 1-IO ooo. 

3 nureau of Ordnance, Navy Depart1nent, Washington, 

D.C. 

Descriptions of two trigonotnetrical stations in the vicinity of Indian 

Head, Potomac River. 
3 l'rof. W. H. Pegram, Trinity College, Durham, N. C .. Latitude and longitude of Raleigh,!\. C. 

H.F. Gunnison, Brooklyn Daily Hagle, Brooklyn, N. \'. Table of tidal differences for high water for 30 stations on I,ong Island, 

New York. 
\\', A. Dodsworth, journ~l of Conunerce and Cont- Table of tidal differences for Bo stations on the Atlantic coast. 

111ercial Bulletin, 19 Heaver street, New York. 
Otto Esser, Elka Park, Catskill. N. Y ................. Infonnation ns to how to obtain the latitude, longitude. and elevation of 

his meteorological station. 
8 Capt. D. D. Gaillard, U. 8. E., Washington, D. C..... Descriptions of 4 bench marks in Porlland Cnnal, Alaska, and British 

Columbia. 

8 Capt. D. D. Gaillnrd, U. S. H., Washington, D. C..... Tracings of triangulation sketches and topographic and hydrographic 

surveys of Porllaud Canal, Alaska. 
9 ; Cupl. D. D. Gaillard, U. 8. E., Washington, D. C. . . . . . Geographical positions of trigonometrical stations on Portland Canul, 

Alaska; latitude and longitude of nstronon1ical stations, I~ion Point 
and Port Shnpson; length of base tine on Salmon River fiats; descrip­

tions of stations of the surveys of 1888 and 1895. 
10 \V. J. Payne, Rich1nond, Va· ..................••...... Results of spirit leveling between Old Point Comfort und Riclunoucl; 

with dingran1 and descriptions of bench n1nrks. , 
10 C. A. Catnpbell & Lo., Hoston, Mass ................... ;!'racing of soundings south of 1;-nirhaven Bridge, New Dedfonl, :\lass., 

scale 1-2 500. 
11 \\r. K. :Mayo, Herndon, Va ............................. Table of 1nngnetic declinations for Washington between the years 1750 

and 19001 and the present bearings of 6 lines run in 18.;o. 

q Stchtnnn Forney, board for examination of improve- Projection, tracing. and blue prints of Brazos River1 Texas. 

mcnts at the mouth of Brazos River, 'I'exas, Wash-

in~ton1 D. C. 
I~ Lieut. A. C. r.-tacon1b, r. S. A., Fort ~1clntosh, Tex .... lllue print of the triangulation along the Rio Grande fron1 l~nglc Pas!-', 

Tex., lo the Gulf of Mexico. 

131 F. G. Osborn, Pennsylvania Railroad, 8 llroadway 1 l Tin1es of high and low waters at Fort Han1ilto11 1 New York Harbor, 011 

New York. J Febninry IO, 11, and 12, 18<)6. 

14 Charles H. Davis, C.H., ~ew York .................... ·i Tracing of hydrography of Arthur Kill, fro111 ~ewnrk nay lo Rnhwny ; I River. Scale 1-5 ooo. '51 H. F. Dickins, Sau Francisco, Cnl . . . . . . . . . . . . . . . . . . . . 1.'racing of I~os Angeles base line. 
15 \\'. S. Hnrsluuan, Nautical Ahuanuc Office, Washing- Advance proof of tidal differences, froru tide tables for 18c)7, nnd explana-

'I Ing, D. C. / tions thereof. 
15 J, De Bruyn Kops, Savannah. Ca .................... Description of the Stierle nuto1natic tide gauge, as retnodelcd hy the 

. Coast and Geodetic Survey. 
)6 : W. S. Bliss, Glenwood, Nev........... . . . . . . . . . . . . . . . . . Scheme for laying out a speed trial course on Lake Tahoe. 
IS L. K. Rice, surveyor, Bell County, Ky........... . . . . . Infortuation bearing on terrestrial n1agnelisni. 

I8 E. I'. Smith, C. E., Patchogue, N. \'..................... Descriptions of bench marks at Port JefTcrson, N. Y. 
18 Prof. Henry :11eier, Milton Academy, 'raneytown, Md.

1 

Advance proof sheets of Lide tables for 1897 for Baltimore, Md., and Old 

Point Comfort, \·a.; also tidal differences for R.ichu1ond, Vn. 
20 R. U. Goode, L. S. Geological Survey, Snn i:raucisco, Difference between the plane of n1ean lower low water nnd 1ncu11 st•a 

Cal. level ut New York I...nuding1 Suisun Bay, California. 
21 P. J. Hnltigan, Washington, D. C ...................... Geographic positions of 52 cities in the United States nud their diff~r-

cnces of longitude from Washington, D. C. 
21 I,ieul. Col.] ]. Rogers, Fort Schuyler, N. y .... Geograpluc positions and descriptions of stntions al Sandy !look, N. ]. 

Topographic survey of 1885-86. 
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Information furnished to Department.~ of tltc Government -in reply to special requests, ete.-Continued. 

Date. 

1896. 
July 22 

··--- ------------N_._~_;-1_1_c_·-~- --------~------i=~-------- Datn furnished. 

J. Stewart, C. 1';., War Department, Washington, D. c.i 
0. A. Veazey, C. £,, Dego, \V. Va ................. . 

Lieut. A. C. Macomb, Fort ~krntosh, Tex ............ . 
A. P. Killinger, Cedar Springs, Va .................... . 

Present mngnetic declination ut Bridge Creek Landing, Potonrnc River, 

Virginia. 
Results of 1nagnetic observations niade in 'v~sl Virginia. 
Astronomic latitude and longitude of Uire station nt r:·ort hfclntosh, ~!"ex. 

Table of magnetic declinations l>etween the years 1;90 and 1900 for the 

region nhout Marion and \Vythcville, Va., tirne of 1naximu1n east de- . 
cliuation, tin1e when agonic line passed over Marion. and present an­

nual change. 
22 Lieut. Col. John J. Rogers, Fort Schuyler, N_. Y ........ Tracing of shore line, etc., of Sandy Hook and vicinity, for use in artillery 

23 
27 
27 

E. r,. Cort hell, C. E., North Egremont, Mass ........ : .. 
W. S. Sampson, Chief of Bureau of Ordnance ......... . 

1'~\·ans Bros., C. E., Jamaica, I.,ong Islnnd ............ . 

H. I.,. \Vhiting1 State Survey of hlassachusetts, Boston, 
Mass. 

Prof. J.B. Johnson, Washington University, 8t. Louis, 

practice. 
Latest soundings at the entrance to Brazos River, Texas. 
Projection on scale of 1-20 ooo of Indian Head proving grounds. 
A lifit of 70 geographic positions, azimuths, and distances of stations in 

the vicinity of Jamaica Bay, Long Island, New York. 
Geographical positions of trigonometrical points in hfassachusetts. 

Pamphlets on position of Polaris between 1889 and 1905 and distribution 
!\lo. of magnetic declination in Alaska in 1895. 

30 0. A. Veazey, C. E., Dego, \V. Vn........................ Infortnntion concernin1:;r the annual change and the ntagnctk dectina· 

tion. 
Aug. Prof. George Davidson, C. E., San Francisco, Cul . . . . . . Tracing from the Sausalito auto1natic tidal record, showing- the earth· 

quake waves of Jtme 15, 18<)6. ' 

F. \V. Hodgdon, C. F.., Boston, Mass .................... Two tracings frotn topographic shcet..c;, showing the positions of stations 
••Brant" and ")Vhite." 

6 Frederick N. Wales, secretary I.and and Harbor Tracing of topography and hydrography of Great Harbor Ri\•er, Mas-

Commission1 Boston, Mass. sachusetLc;. 
6 Capt. 0. M. Carter, U.S. E., Savannah, Ga.·:........... Mean heights of high and low waters at Charleston, S. C., for each 

month from 1883 to 18<)5. 
G. C. Dean, Washington, D. C . .. .. .. . • .. .. .. .. .. .. .. .. . Advance proofs of tidal differences for Chesapeake Day for t:1e year 189;. 

10 Bogart & Sperry, New Haven, Conn................... Photographic copies of original topographic sheet ~o. 1445, "Vicinity 
of Ne\v Haven, Conn." 

10 8. H. nrockunier, C . .E., \Vhee1ing1 \V. Va ............... Geographic positions nnd descriptions of 9 trigonometric stations in 

\Vest Virginia. 
11 F. M. Trout, Bart, Pa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Pntnphlets on the secular variation of the tnagnetic declination an<l its 

distribution, as shown hy the isogoniC lines. 
12 F. J\t. Shields, Coop\\.·ood, :\fiss ........................ Information concerning tnethods of observing the pole star in deter. 

mining nrngnetic declination. 

13 J. A. Ziegler Electric Company, Boston, Mass ......... Value of the acceleration of gravity nt Boston and Cambridge, Mass. 
14 Lieut. E.T. Wilson, t:. S. E., St. Augustine, Fla ........ Tidal constants for 10 stations in the vicinity of St. Augustine, Fin. 
15 

1 
Prof. J.B. Johnson, 'Vashington eniversity, St. J~uis, I Advance copy of the isogonic chnrt of the United States for the epoch 

Mo. I<JOO. 

17 Prof. O. C. Wendell, Harvard College Observatory, ; Advance copy of tide tables for Boston, Mass., for the year 1897. 

Cambridge, l\fass. 
1

1 

17 W. E. Linga.rd, San Francisco, Cal.... . . . . . . . . . . . . . . . . . Blue print of the survey of Porcupine River, Alaska, front its n1011th to 
! the one hundred and forty-first meridian. 

19 W. r,. r,ancaster, lilac ks burg College, Virginia ...... -I Magnetic chart of the United States and a table showing the changes of 
I the 1nagnetic declination in Virginia during the present century. 

20 Prof.]. B. Johnson, Washington University, St. Louis, I ;fable of annual change of. the nrngnetic declination at a n11111her of 
Mo. prominent places in the United States. 

25 F. R. Tihbetts, Boston, Mass .............•............. , I Descriptions of 2 trigonometric stations on ~Iarthas Yiueyard. 
25 ·F.vans Rros., C. ~., Jauinica, Long Island, New York.·! Descriptions of 16trigonometric stations about Jntnaica Bay, I.,ong IslnncI. 

2,.; I Riggs & Bro., 221 Walnut street, Philndelphia, Pn ... ·I 'l'idnl nnd current data for llrandywine Shoal Light and Fourteen Foot 

I · I Bank Light, Delaware. 
2f, I Commercial P .. rit~tit~g IIo~se, ~altitnore, ~Id.......... Infonnation concerning tide tables for :8<)6. 
26 R. U. Goode, L. S. Geological Survey, San Francisco, Infonnntiou concerning tidal reference planes at Tnconta, \\'ash. 

1

1 Cal. 
27 H. Dinunick, Cohttnlms, Ohio ........................ . 

28 Japanese consul, San Francisco, Cal ................ . 
29 A. F. Rogers, San Francisco, Cal. .................... . 
3t Andros & Frank, attorneys, San Francisco, Cal. .... . 

Chief of Weather Bureau, Department of Agriculture:, 

Description or auton1atic tide gauges. 
Nigrosine print of record of tidal wave of June 15, 18<)6. 
Copy of record of the Sausalito tidal record for May 18, 1895. 
Tracing of tidal curve at 8ausalito, Cal., for ~lay 1R, 18<J5, with infonna­

tiou a~ to the condition of water on the bar. 
:Magnetic dcchnation observed at Havre, !'\font. 
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Information furnished to Departments of the Government in reply to special requests, etc.-Continned. 

Date. ---==~-·:=------ ~---=--- __________ , _____ ----- _____ ~-=-~-:-~~~~nished. ___ ------·-· ____ _ 

1896 
Sept. 1 !If. Fnnnkoshi, acting consul of Jnpnn, Snn Fran- I Tracing of the Sansnlito automatic tidal record showing the earthquake 

Oct. 

2 

5 
8 

cisco, Cal. I waves of June 15, 18<)6. 

W. G. Russell.& Co., surveyors, Russell, Kans ......... Geographical positions of 9 trigonometrical stations in th~ vicinily of 
Russell, Kans. 

L.A. Dauer, Linden, Md........ . . . . . . . . . . . . . . . . . . . . . . Results of tnagnetic observations in 'Maryland; also descriptions of the 
stations. 

J .F. Tracy, l\leckknlmrg, N. Y ........................ Table of magnetic declination at Oxford and Ithaca from 1790 to 1900; 
present annual change and total change of declination since 1838. 

H. L. Fairchild, Rochester, N. Y . . . . . . . . . . . . . . . . . . . . . . . Elevation of bench mark at Greenbush, opposite Albany, N. Y. 

W. G. Scott, secretary of Passaic Valley Sewerage Times and ranges of the tides of Kill van Kull, Newark Bay, and Passaic 
Conunission, Newark, N. J. River, New jersey. 

18 w. B. Daniel, Ashland, Pa ............................. Isogouic cliart of Honduras for January, IC)OO, and annual change of 
magnetic declination in Honduras between the years 18go and Igoe. 

18 James \Vatson, Los Angeles, Cal . . . . . . . . . . . . . . . . . . . . . . Infonnation concerning daily 111agnetic results for the period i892-18q6 

and of record of sun spots for the same period. 
21 U. S, Geological Survey, Washington, D. C........... Elevations of bench marks in Arkansns and Missouri between Fort 

Smith and Lamar; also descriptions of the bench marks. 
22 c. H. Van Orden, Catskill. N'. Y ....................... Descriptions and geographical positions of 7 trigonometrical stntions 

on the Hudson River, New York. 
24 I .. F. Le Baron, Jacksonville, Fin....... . . . . . . . . . . . . . . Geographical positions of the Ht. Johns Light and of 2 church spires 

in Jacksonville, Fla.; magnetic declination at Jacksonville in 1896, and 
annual cl1ange. 

24 lllaj. W. '!'.Rossell, U. H. H., Mobile, Ala .............. Descriptions of 4 bench marks in Alabama, Mississippi, and Louisiana. 
24 Lieut. Commander R. K. Moore, U. 8. N., San Fran- Infonuation concerning tides nnd currents atSey1nour Narrows, British 

cisco, Cal. Columbia. 
25 Prof. W. H. Pegram, Trinity College, Durham, N. C.. Advance proofs of 1897 tide tables for CharlestOJ), S. C., and cons tauts for 

obtaining time of high water at Southport, N. C. 
25 :llaj. W. ·r. Rossell, U.S. H., :lfobilc, Ala ............... Appendix No. 9, report for 1887. 

26 Hugo Bilgratn, J•hitndelphin, Pa . . . . . . . . . . . . . . . . . . . . . . Infornmtion concerning in1prove111ents on the Stierle self-registering 
tide gauge. 

26 I,ieut. Col. A. :II. Damrell, U.S. E., Portland, :lie ..... Blue prints of topography and hydrography of Chandler River, Maine, 
from original sheets Nos. 1536, topography, and 1648, hydrography. 

29 ] . F. Newson, Indiana t;nivcrsity Geological Survey. . Information concerning magnetics. 
30 t:. S. :llarine-llospital Service, Washington, D. C ..... Outline map of Ship Island, Mississippi, with sketch of UJ.ited States 

Brig. Ge11. \V. P. Craighill, Chief of J.;ngineers, U.S. A 
Prof. W. H. Pegram, Trinity College, Durham, -:<;, c .. 
J. H. Gray, Tampa, Fla ........................ . 

quarantine buildings, scale 1-30 ooo. 

Photographic copy of}>riginal hydrographic sheets Nos. 20SS, 20S9. 

Information in regard to tides at Southport, N. C. 
:Magnetic declinntio11 at Ta1upa 1 Fla., and 2 pamphlets on terrcstdnt 

n1agnetis111. 
2 i U. 8. rviarine-Hospitnl Service, \\'ashington, D. C Drawing of the coast of the United States in 4 sections; scale 1-5 ()QQ ooo, 

prepared for photolithographit1g, showing quarantine a11<l inspection 
stations. 

5 S. P. Baird, Ports1nouth 1 Ohio .... Geographical position and descriptions of 5 trigonmnetricnl stations in 
Greenup and Lewis counties, Ky. 

6; C.H. En1ory, New York, N. Y .. ....................... ntevntion of S0111ervillc Station, New Jersey. 
6 I :llnj, D. W. l,ockwood, U.S. Enb>ineers, Newport, R. I. Hydrogrnphy of New Bedford Harbor above and below Fairha\'cn 

I Bridge, enlarged lo scale of 1-2 500. 

; E. I~. West, Atlnnta, Ga ............................... Longitude of the Atlanta Astronomical Station. 
8 t~. S. Geological Survey, \Vnshington, D. C ........... Descriptions of 4 bench tnnrks nt Ilennfort, N. C. 

9 ' A. ::II. Ford, Salem, N'. J ............................... A table of distances in the Delaware river and bny from Trenton to 
Cape :May I,ight. 

9 Charles W. Staniford, sun•eyor, New York, N. Y.... D::~'-.ipuons and geogrilphical positions of IO trinngulatiou stations in 
the vicinity of New York. 

14 C. V. !\'Iartin, \Vnshington, D. C .................. .... . ; 1'able of 111agnctic declinations for central Ohio nnd particularly for 

14 

14 

Delnwnre Ke111per, e. S. consul at Amoy, China ..... ! 
R. U. <~oodc, U.S. Geological Survey, Sau Frnncisco, 

Cal. 

Churles W. Btaniford, surveyor, Ne\'•' York, N. Y ..... ! 
I 

II. L. \Vhiting, M:nssnchusetts Topographical Survey 
Conuuission, Doston, ~lass. 

Zanesville, Ohio, hel\\recn the years 18oo to 1~; nlso present nnnunl 
change in declination. 

Six copies of tide tables for 1897. 
Descriptions of 4 hcnch marks in Cnlifornia. 

Dcscdptions nncl geographical positions of 2:; traiangulntion stations in 
the vicinity of Throgs Neck, New York. 

Photographic copies of shore line of :\Inrthns Vineyard, reducccl to ~cak· 

of I-30 ooo from original topographic sheet N'os. 202, 1;02, 18o2, 1845, 
1846, nnd 1856; sitnilar copies of shore line of Nantucket Island frmn 
sheets Nos. 178,, 1814, I81s. and 1SI8. 
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11~/urmation furnished to Departments of tlte Goi:ernmen.t in reply to special requests, etc.-Continued. 

I 
Date. j 

I 
'i 

Name. Data furnished. 

. ----·-··- -------·------------
1896 ! 

Oct. 16 \ U.S. Geological Survey, \Vnshington, D. C. Elevations of 4 bcuch n1arks ut I.,ittle Rock, Ark. 

17 I Capt. ~rhos. L. Casey, \Vashington, D. C ............. !'tlagnctic declination nt Old Point Comfort, Va., for Deccn1her 1 1 1&/), 

I !' and present rate of annual change. 
17; C. I~. Acla1ns, D_etroit High School, Detroit, Mich ..... Inforrnation concerning terrestrial mngnetisni. 
19 i D. Scully, Austrn, Tex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Sketch and geographical position of Hattie Mountain. 

19 J R. t;. Goode, U.S .. Geological survey, San Francisco,,. D~scriptions of 7 bench marks at Astoria, On•g. 
1 Cal. 

19 ! Charles Davison, 5Ccretary of British Association i 

I Scis1nographic i'nvestigating Commission, Bir- ' 
minghatn, 

0

Hngland. 

21 \ l,ieut. Col. 'V. H. H. Benyaurd, t:. 8. H., St. Angns-

22 I tine, Fla. 
J,itnt. Col. W. II. II. Ilenyaurd, l'. S. I<;., St. Augus-. 

tine, Fla. 

Blue-print copy of tidal curve frun1 the Sausalito, Cal., auto111atic ticle­

gangc rccor<l. 

Descriptions and geographical positions of 53 trigonometrical stations 
on 'rampa I.lay, Florida. 

Descriptions of 2 bench marks at Tampa, Fla. 

24 F. Bullfinch, Waldoboro, Me ......................... , Annual change of the magnetic declination <luring the last 15 years. 

24 \J. S. Geoloi,'1cal Survey, Washington, D. C .......... ·I Position and description of the astronomical station at Springfield, Ill. 

24 Maj. C. J. Humphrey, U.S. A., Washington, D. C ..... 
1 

Tracing of the west shore of Potomac River between Chain and Aque-

1 duct bridges; scale 1-15 ooo. 
27 .A. ::\l. Ford, Salem. N. J ..... _ ... _ ........... __ . _ ........ 

1 

r .. cngth of the nautical mile; distances frotn Cape l\.lay I .. ight, New jer-

sey, to Delaware City, Del. 
:.q I .. icut. Conunandcr Jeff. l~. :'\"loser, {j, S. N ............ , A ntlc for obtaining the ti1nes of slack water in Scyrnonr Narrows, Brit-

ish Columbia. . 
27 H. H. Francis, pilot of Pacific Coast Stcnn1ship Cotn- A rule for obtaining the times of slack water in Scy1nour Narrows, llrit-

pany, Victoria, British Colun1hia. ' ish Columbia. 
2,; . Col. Peter C. Hains, U.S. E., Baltimore, llI<l.. .. .. Tracing of hy<lrographic sheet No. 167 aud hydrogrnphic copy of hy<lro-

Captain George, pilot of Pacific Coast 8tean1ship 
Company, Seattle, \\'ash. 

30 i I~. A. Semple, C. 1':., Hampton, Va ...... . 

:;o Prof. A. Agassiz, Newport, R. I. ...................... . 

30 · State Departn1cnt, \Vashington 1 U. C; ...... _ ... _ .. _ .. 

~O\", 2 "'illia1n F.. I~ingard, San Francisco, Cal ....... _ - .... . 

graphic sheet No. 1842, both of Annapolis Hnrbor. 
A rule for obtaining the tin1es of slack water in Scytnour Narrows, Brit­

ish Columbia. 
Information concerning the elevation of a hcnch n1ark at Old Point 

Con1fort, Va. 
'"fracing of the hnrbor between Prices Neck and Cherry Neck, Rhode 

Island, from original hy<lrographicshcet No. 1790. 
lllue piint showing creeks tributary to Yukon River between White 

River and Birch Creek, and the location of placer.gold mines. 

Photographic copies of original topographical sheets Nos. 2o64 and 2065, 

Porcupine River, Alaska. 

Longitude of l,afayefte Park Astronomical 
Cal. 

Observatory, San Francisco, George Davidson,C. F,., San Francisco, Cal.·········· .

1 C. S. Co111missioner of Fish and Fisheries, \\'ashing-• "'fide tables for the years 1&;6 and 189i-

ton, D. C. j 
I ... C. Fletcher, U.S. Geological Survey, Benicia, Cal. .. 1 Descriptions of bench tnarks at Benicia, Cal. 

i 

1

: I.ieut. C. M. McCormick, U.S. N., r. S Commission of I' 1'xplanation of tide tables relative to the times of slack water in Dccep-
Fish and Fisheries. tion Pass, Washington. 

7 H. V. Egbert, Akron, Ohio......... . ............ Position of the geographic center of the llnited Slates and method of 
l determining the same. 

9 F. I •. Tibbetts, Boston, Mass ........................... , I,cngth and azimuth of the line from Deer Horn to Bird Island I,ight, 
i\fassachusetts. -

9 :Massachusetts State Survey Commissio11, lloston, Duplicate prints of topographic sheets of Mnrthas Vineyard and Knn-
Mass. 1 tucket, :\lass., 10 sheets in all and reduced to 1-30 ooo. 

10 D. \V. Schenck, Oak Tree, Va .. _ ... _ ... _._ .............. j Table of tnaguctic d<:clinations observed nt \Villia111sburg, \'a. 

11 Capt. F. V. Abbot, U.S. E., Charleston, s. c ........... ·1· IJescdptions a
0

11d geogr::1phical y~is~tions of 36 trigon~metrical s.tat.ions 
on Ashley Rn·er and 111 the v1c1111ly of Charleston, S. C.; descriptions 

of 8 hcnch marks near Charleston, S. C. 
13 Dr. J. \\1. Kalls, Franklinville, N. Y. - - ..... - . . . . . . . . . . . Information concerning auroras and their connection with terrestrial 

1 ;1 . G. 'J'az, Ellett, Vn... . . . . . . . . . . ....................... . 

13 : C. ll. Tillingbeck, ~tale I.ibrary of Massachusetts, 
I Boston, ::\lass. 

14 · !\:lassachusctts State Sur\'<:y Lommissio111 Boston, 

! Mass. 
20 ; W. F. Williams, C. :E .. !'\cw Bedford, Mass ...... . 

:·.; i \V. J. Thackston. C.recnville, 8. C -........ - ..... - -.... . 

111ag11etis1n. 
Geographical position and dcvatio~t of Ashland, Va. 

'ride tables for 1897. 

Photographic copies of shore line of Cuttyhunk 1 Nashawena1 Pasquc, 
and Naushon islands, re<luced to scale of 1-30 ooo. 

n!ue prints of hy<lrography of New Bedford Harbor, Massachusetts, 
above and below Fairhaven Hridgc, enlarged to scale of 1-2 500. 

Geogrnphicnl lositio11 1 elevation, and tnagnetic declination of l'aris 
l\!ountain, South Carolina. 



REPORT FOR 1897-PART I. 73 

I?~/'ormation furn·ished tu Dep<triments of tlw 0011eniment in reply to sped al requests, etc.-Co11tinue<l. 

~t~~·--- ------- ----------Na1ne. ------------1----
18¢. I 

Datu. furnished. 

Nov. 24 l7. S. Geological Survey. \Vnshiugton, lJ. C. . . . . . Elevations of bench n1arks and points of the railroad between ~andy 
1 Hook, N. J., Kansas City, Mo., and Fort Smith, Ark. 

Dec. 

24 II. L. Whiting. West 'rishury, lllass ..... . Tracing and 1neasure1ncnt of area of Stone \Vall Pond, Marthas Vine­
yard, Massachusetts, front original topographic sheet No. 203. 

~4 Iloard for locating deep-water harbor in southern Tracing of topographic sheet No. 143~, con1bined with hydrogrnphic 
California. sheet No. 1,140•; tracing of parts of hydrogrnphic sheets Nos. 1341• and 

1417; tracing of part of hydrographic sheet No. 1418, Newport Bay to 
Snn Pedro Bay, California. 

2S \\7. I.,. Bell, Kansas Cily, Mo ......... . Descriptions nnd geographical positions of 8 trigonon1ctric:1l stations in 

the vicinity of Jackson County, Kans. 

:'/> 

3 

3 

4 

5 

5 

\\'. c. Yetter, Catawissa, Pa .......................... . 

!\I. Fargusson 1 Southport, N. C ....................... . 

C. \V. Drake, Greensboro, Pa .................... . 
]. F. I.enaron, Jacksonville, Fla 

D. '"'· Eaton, county sur\'eyor1 Versailles, ~fo ... 

Bogart & Sperry," New Haven, Conn ................ . 
\V. F. \Villia1ns 1 C. It., New lledford 1 !\fnss ......... . 

Bonrd for locating n de<:p-wnter hnrbor in southern 

California. 

Position of I>olaris with respect to the 1neridinn nt a :;i\'cn tin1c 1 and 
elapsed tin1e since two stars were ohscrvccl to he on the sa1ne \'Crtkal. 

Descriptions of 3 bench marks at Southport, S. C., together with com­
puted titnes of high \\!atcr for certain dates at the sn1ne plnce. 

Inforination \."Onccrning magnetic declination and its chang~s. 
Descriptions and geographical positions of 13 triangulation stations 

between Fernandinn and Cedar Keys, Fla, 

Geographical positions of 4 tri~ono111etrical stations in the vidnily of 

Versailles, Mo.; also urngnetic d3lA. 
Descriptions of 2 bench ninrks nt New HnYen Harbor entrance. 
Photographic copies of hydrographic sheet No. 2250 and that pnrt of 

sheet No. 2230 between F:tirhaveu and Cog·geshnll Bridge. 
Six blue prints each of original topographic sheets Nos. 1345, 136<;. 1390, 

1432•1 nnd 2125 1 nud parts of hydrogrnphic sheets Nos. IJ4o•, 1341•, 14Ii, 

and 1418. 

5 Brazos River Counnission, "'ashington, D. c. ~rhree blue prints of original hydrographic !. heel Xo. 2102. 
8 Keuffel &~ J:o:sscr, New York, N. Y ............... . Blue prints of isogonic chart and chart of nnnunl changes of 111ag11t:Lic 

declination for the ci:och 1900. 

9 

9 
9 

IO 

12 

14 
16 

22 

2,, 

\V. L. nell & Co. 1 Kansas City, ~to ................... Descriptions and ~cogrnphicnl t)ositions of 21 trigo110111dricnl stations 

I 
near the Kansas nnd Missouri boundary line. 

\V. C. Hood, J...awrencc, Kans .......................... ~lcvntions of 2 bench tnarks near Lecon1pton 1 Kans. 
\V. A. Dodsworth, New York, N. Y .................... ' Differences in thues of hi~h water at Sandy Hook nnd nt 8o other stn-

1 lions along the Atlantic Coast. 
R. l,. Sackett, J\arlhntn College, Richmond, Ind ...... · Infornintion concerning n1agnetic declination and remarks about s<:'lf-

1 registering instrutncnts. 
Dr. N. l,. Bates. l~. S. N., \Vnshington, lJ. C ......... I Remarks about the 111nrkiug of the tdegrnphic longitude station in the 

I 
grounds of the Old Naval Observatory, Washington, D. C. 

J. F. Hayford, Ithaca, N. Y ............................ 1'nble of personal equation values, between Assistants C.H. Sinclair ancl 

... . .. . I G. R. P11tna1n1 hctween the years 18g) nud 1&)6. 
E. F. Mussen, C. E., Norwich, N. '\ .................... 

1 

Magnetic infortnntiou and blue prints of the declination for 1900. 

M. \'. n. Perley, Ipswich, :I-lass ...... :................. l{xplnnation of formula for sunrise. 

U. 8. Post-Office Departn1eut, Wnsh1ngto11, D. C ..... Geographical positions of the extrcn1c northern, t·a~ter111 southern, and 

western land poinls of the United Stntes, nnd the distances between 

F. F. Hills, Hgg Island light keeper, Jlivnlve, -:-;, J. 

I 

the:;c positions. 

The difference in time hctwc-en high nnd low watc-r nt Egg Island nnd 

Philadelphin. 
Irving \Villintnson 1 \Vnshington, D. C.... . ... ·i 'rin1e nnd height of the highest stnge or the water nt the \Vnshingto11 1 

i D. C., Navy-Yard du ting the lturricanc of Rcptctnber 29 nnd 30, 18¢. 

\\'. Q. Baxter, Yard, l'a ................................ / Elevation of the trigonomctdcal statiou "Yard." 

c. w. Drnke, ·c. E., Grccnshoro, Pa ................... 

1 

It~~~~:~~o~;1~~11:~;~1~!:~:~1~e1::~u~!P:h:1111~ci;1~~11~~~;:1~ 1l;!tt~~l~~:~:i;~ 
for the epoch 1900. 

\V. G. \Vhccler, l,ittleton, ~. II ...................... ·.J Blue prints of isogonic chart and the chart of annual changes of inagnctic 

declination for the ep?ch 1900. 

I~ieut. D. Delehanty, e. s. N., New York, N. '\" ........ Ii Shore line of Hudson River nt Poughkeepsie A.ttd vicinity, fron1 the topo· 
graphic survey of 1895. 

C.:ol. G. ! .. Gillespie, i:. S. B., New York, N. Y ......... !'holographic copy of topographic sheet No. 810, from Mount St. \'in-

G. A. Hoadly, Swnrthn1ore, Pn ....................... . 

! 
A. D. Blackinston, C. E. 1 Du11niore1 Pn ................ ! 

cent to nnd including Yonkers; soundings over the ::;atne litnits1 from 

hydrographic sheet No. 475, were also furnished and plotted on the 
photograph. 

Blue prints of tnagnetic declinations in the t:uited States for the epoch 
1900; nlso nnnual change of declinntion and pamphlet giving the dis­

ttibution of dip and ntngnetic intensity for iAAs. 

Descriptions of 2 bench marks at Jersey City, N. J. 
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ln.Jim11ution f11r11ished to Departments of the Government in reply to specia,l reque.~ts, elc.-Couti 11ued. 

-----·---·-
~a111c. \ Data furnished. 

i--------------------------· 
I 

Dec. 31 \Viltiatus, Brown & 1<-:ar\e, Philadelphia, Pa.......... Blue prints of isogonic chart and the chart of annual change iu 1nagnetic 

declination for the epoch 1900. 
:;z Civil Service Cotnmission, \Vashington, D. C. .. . . Samples of standard lettering and topographic sytnboJs. 

18<);. I 
Jan. z I W. lloccklin, l'ittshurg, Pa ...... . 

2 IC. E.Cranch, Philadelphia, Pa .. . 

z / U.S. \\•ar Department, Washington, D. c ..... . 
s I M. E. Ragsdale, Brownwood, Tex ............. .. 

61 W. F. 'l'rnes<lalc, jasper, Pike County, Ohio ......... .. 

' j W. D. Bell & Co., Kansas City, lllo .... . 

i l •. G. Hare, surveyor, Salinas, Cal .................... . 
S ! s'. Dean, Glenwood, Iowa ............................. . 

8 Hon. Donaldson Caffery, U. ~. 8ena1or
1 
J.ouisiana ..... 

Ecl\vard Roberts, Xautical Almanac Offict>, London, 

:\fagnetic declination at Belize, British Honduras, for the years 1839, 18so, 

1885. nnd 18<)7. 
Descriptions and geographical positions of 4 trigonon1etric stations in 

the vicinity of Philadelphia, Pa. 
Blue prints of the triangulation along the Rio Grande. 
~tagnetic declination in Coleman County, Tex., and annual change of 

declination; also pamphlets on terrestrial inagnctism. 

General inforn1ntiou on the subject of terrestrial magnetisnt. 
Dcscripti.ons and geographi<::al ?Qsitions of 2 trigonon1ctric stations. 

near Wyandotte County, Knns. 

:Magnetic iuforrnnth.ln. 
JUue prints showing distribution of rnagnetic declination in January, t&)o, 

and its annual change. 
Duplicate copies of the base map of the United States, scale 1-5 ooo ooo, 

with shore-Hue distances, sailing tines, etc. 1 between proruineut poittts. 

Copy of tide tables for 189;. 
1'ngland. I 

9 H. C. Jordan, C. E., Portland, Me ...................... ·! r:xplanation of correction to tidal values for the longitude of the moon's 

I 
node. 

I I I r .. i~ut. Conunauder D. Delehanty, e. s. );',,New York, Additional nan1cs for bhtc print of the Hudson River, vicinity of l'ough-

·, N. Y. I keepsie, N. Y. . . 
I.? l l,. 'Vagoner, San Francisco, Cal. ...................... ·1 Geographical positions of station "Needles" and 3 lngon~n1.ctncal 

1 
stations in the vicinity nenrer to latitude 35° 15'; also descn.pttons of 

these stations. 
l:.? j l: .S. Geological Survey, Washington, D. c ............ ·I Elevation of" Gristrnill" bench nrnrk nt Greenbush, N. Y. 

15 [ F. S. \\'ar Department, Washington, D. c ............. ··1 Geographical position of nrownsvillc, Te:c. 
15 i U.S. Geological Survey, \Vashington, D. c .............. Descriptions of 2 bench marks in California. 

i6 ; George R. I'carse, Portland, Oreg ...................... 1

1

. Information concerning tides along the Col urn bin River. 
iS : F. ~.Chase, Hartford, Conn ............................ Present magnetic d~clination at Springfietcl 1 !\-lass .• and its annual ino. 

: I crease; nlso pantphlets on terrestrial 1nagnetistn. 
I~ Hou. I. F. Fischer, :l!.C., New York, N.Y ............... lllue print of tracing of Romer Shoal. Lower New York Day, sltowing6, 

19 

19 

19 

19 

19 

20 

Geo. Risk, Civil Service Commission, \\'ashington, 
D.C. 

\V .G. Yetter,Catnwissa, Pa .......................... . 
J. Friel, Victoria, Ky ....•........ 

P. Golny, Assist.nut ti. ~;. J·;ugiucer, :\lorgantowu, 
W.\'a. 

U.S. Geological Survey, 'Vashington, I>. C .......... . 
Hon. Israel F . .Fischer, f\1. C., New York, :-.r. y ....... . 

Uon. IIoraccChilton, U.S. Senator frotu 1'exas,\Vash-
iugton, D. C. 

Scofield & Starr. engineers and survc.·yors, Bridgc­
poi.!, Conn. 

J.S.l\:lohler,Salina, Kaus ............................ . 

12
1 
and i8 foot cun·es and areas within the satne, front survey of I885. 

'l'r.u1sfcrs front copper plate of chart of Jan1cs River, Yirginin. 

Ponnula and tnl>ulnrvalues of the ntagnetic dcclinntion at Catawissa, Pa 

Blue prints ofisogonic curves for I9<>01111d of annual change of declina­

tion. 
I<;levations liy spirit leveling hcl\•/eCn St. J,.ouis and Jefferson C..::ity1 !\lo. 

Description of 3 bench 1narks on Knrquincs Strait, California, 

Estiniated ranges of tide at Ranter I~ight, New York. 
Blue prints of isogonic chart nnd chart of annual change of declination. 

I.,ength and direction of line front South Congregational Church at 

Bridgeport, Conn., to harbor light house. 
Elevation of 3 bench niurks at Salina, Kans., above ntean kv<·I of the 

I Gulf of Mexico. 
21 r. S. Geolog-icnl Survey, \\'ashinglon, D.C ........... ·! Description of i bench tnarks at Astoria

1 
Oreg. 

22 ! I.ight-Housc Board, \Vashington, D. C ................. / l\tagnetic dtcliuation at Portsinonth, N. H., in 1791. 

23 ! J .}!. l.awrcnce, C. E., Greenville, S. C.. .. .. ·I Geographical position and clevation:above sea level of station nt Paris, 

i s. c. 
23 \V. S. Aldrich, \Vest Viq,.rinia University, :\Iorgan- I l\fagnctic information. 

town, W. Va. I 
23 Rnnclall Hagner, Attorney-at~law, \\nshiug:ton, D. C .. Information as to the recorded heigll\s of water nt the \Vashinp;ton, 

1

1 
D. C., Navy-Yard <luring the hurricane of September 29 and 30, 1896. 

23 r~:dward O'~cill, Philadelphia, Pa .................... \Time of high water at Hog Island, coast of Vit'ginin. 
26 Passaic VaIIey Sewerage Comn1ission, Newark, N. J .. J Information concerning the tides at Pnssnic, N. J. 
28 I Fred. E. Ruediger, Chincoteague Island, Virginia ..... ! Tracing of topography from original sheets Nos. 723 un<I ;63. 
zS . lion. I. F. Fischer, !\f. C., ~ew York .................... \ Profile of Romer Shoal, Lower New York Bay. 

29 / II. T. Grceulcaf, C. J<;.. Elizabeth City, N. C ............ J Tracing of shore line of Alligator Rh·cr, :Sorth Carolina. 
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Information furnished to Departments of the Government in nply to special requests, ctc.-Continued. 

Date. J Na111~. Data furnished. 

~~1----· 
Jan. 29 

1 
\V. Beckwith, l,..."lke Geneva, \\1is ...... ................. Magnetic information and blue prints of chnrts of tnagnetic declination 

Feb. 

and annual change for epoch 1900. 

U.S. Weather Bureau, Washington, D. C ............. , Description of the bench mark on the U.S. custom-house at Charleston, 
s.c. 

Maj. C. W. Raymond, U.S. E., Philadelphia, l'a ..... 

1 

Description of 2 he11ch mnrks at Hdgemoor, Del. 
R. I"'. Blakc1nnn 1 C. H., Barbottrvil le, Ky. . . . . . . . . . . . . . lnforn1ntion concerning the tnagnetic declination in eastern Kentucky 

j between the years 1;98 and 18<)7. 
\Vnrren neckwith, Lake Geneva, \Vis ................ i T\\'O hydrographic projections. 

29 

30 

30 

30 U. S. lllarine-Hospital Service, Washington, D. C. .... Tracing of drawing of fumigating engfoe. 
U. A. Hither, Salina, Kans.... . . . . . . . . . . . . . . . . . . . . . . . . Elevation above sea level of 3 bench marks at Salina, Kans. 
R. U. Goode, l:. S. Geological Survey, Washington, Reading of mean low water at Sausalito, Cal. 

D.C. 
3 ::If. Blakenan, Bourbon County, Ky .................... Blue prints of isogonic and annual-change charts. 
3 Hon. I. F. Fischer, M. C., New York............ Two additional blue prints of profile of Romer Shoal, Lower New York 

Bay; also blue prints of sketch of proposed fortifications on Romer 
Shon!. 

3 W. A. Post, C. E., Newport News Shipbuilding and Information concerning currents off Old Point Comfort Light nnd 
Dry Dock Co., Newport News, Va. Thimble Light, Virginia. 

3 jatnes H. Nixon, Ironton, Ohio ........................ Descriptions and geographical positions of 3 trigonon1ctrical points in 
the vicinity of lrontoo, Ohio. 

5 George A. Stockwell, Providence, R. I ................. Tidal infonnation. 
5 Urner, Keedy & Um er, Frederick, !lld ................ Table of magnetic declinations and annual change between the yen rs 

1753 and 18<)7 at a point in Howard County, Md.; also miscellaneous 
magnetic information and copy of isogonic chart for the epoch 1900. 

5 G. II. Taylor, C. E., Boston, Mass.... . . . . . . . . . . . . . . . . . . . Descriptions and geographical positions of 6 trigonometrical stations on 
Long Island, New York. 

5 The National Contracting Co., New York, N. Y.. .. . . . Photographic copy of the hydrography between Brooklyn Bridge and 

6 

13 
13 

15 

15 

Hon. G. L. Wellingto11, M. C., Baltimore, Md .......... . 
E. D. Osborn, Spring City, Tenn ...................... . 
John L.Gans, Gans, Pa ............................. : .. 

North River Bridge Co., New York, N. Y ... .......... . 

Brazos River Commission, Washington, D. C .... .... . 

U.S. Geological Survey, Washington, D. C .......... . 

D. J. Howell, C. E., Alexandria, Va .................. . 

E. I •. Corthell, C. E., New York, N. Y ............... . 

William B. Clark, Baltimore, !lld ..................... . 
Hon. I. F. Fischer, M. C., New York, N. Y ........... . 
nrazos River Cotnmission, \Vnshington, D. C .. ...... . 

John C. 1'rautwine, jr. 1 secretary Association of l\ngi­
necring Societies, Philadelphia, Pa. 

W. S. Dalrymple, New York, N. Y ................... . 

Governors Island, New York. 
Copies (photographic) of isogonic and annual-change charts. 
Copies of chart of annual chn11ge of magnetic declination. 
Latitude of 3 stations on l\.1ason and Dixon's line; copies of isogonic 

curves for 1900; inforn1ation concen1ing position of t>olaris. 
Descriptions and geographical positions of trigonometrical stations in 

the vici 11ity of the proposed bridge. 
'rracing showing contparison of curves of depth at the tn<?uth of Brazos 

River, Texas, frotn surveys of 18871 1891 1 and 1897. 
Astronomical position of Little Rock, Ark., Fort Smith, Ark., and longi-

tude of St. Louis, ::lfo. 
lnfor1nation concerning the survey of the boundary lines of Ute District 

of Columbia. 

Photographic copy of part of the hydrography of Buzzards Bay, Massa-
chusetts. 

r.ist of tidal stations in lllarylnnd nt which good bench marks exist. 
Five blue prints of tracing of Romer Shoal, Lower New York Bay. 
Five blue print copies of hydrographic survey of 18<)7 of the mouth of 

Brazos River, ~rexasi 4 blue prints of cross sections in Brazos Rh·er 
jetties. 

Duplicate transfers from lower half of plate Delta of the :llississippi 

River. 
Description and geographical position of a station in New York City. 

16 · D. I'. Trumbull, North Cambridge, Mass ..... _........ Information concerning tnaps of Venezuela. 

161' W. G. Yetter, C. E., Cntawissa, Pa ..................... Advhe co11cen1i11g the laying out of a meridian line. 
17 M. RynnchelT, director of the Physical and Central Magnetic information; 6 charts showing the distribution of terrestrial 

Observatory, St. Petersburg, Russia. magnetism within the limits of the United States for the epoch Jan-
uary, 19001 and n patnphlct on the secular variation of the tnagnetic 
force. 

Ij ]. P. Lyon, C. l:t, 1-:ric Rn it road, New York, N'. Y .... Stntcn1cnt of the highest and lowest tides oh~ervcd at Governors Island, 
New York Hnrbor. 

19 Brazos Rh·er Cou11nissiou 1 \Vnshington, D. C Four blue prints of nmzos River entrance, from survey of 1897; 2 blue 
prints of cross sections of jetties; 4 blue prints of comparison of con-

1 tours. 
19 ! H. Ilrooks, Bainbridge, Gn .... ........................ ·I Chnuge of the 1nngnetic declination between the years I88S, 1893, and 

! ,. 1900; copy of isogonic cnl"\·es for 1900. 
20 ' H. nissell, chief engineer Boston and Maine Railroad, Blne-pri11t copy of chart of Boston inner harbor, scale 1-10 ooo. 

noston, !\lass. 
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Information furnished to Dipartments of the Government in reply to special requests, etc._..:..Continued. 

Date. Nan1c. 
I 
I Data furnished. 

---- ----- ·--------------------1---------·· ·-------------
1897. I . 

Feb. 20 J. T. R. R. Carroll, surveyor, Howard County, Md.... Magnetic declinntion in Howard County, Md. 1 in 17531 nnd change lil'­
tween that year and 18<)7. 

ll:!ar. 

23 U.S. Light-House Board, Washington, D. C ........... Photographic copies of original hydrographic sheets Nos. 53, 62, 526, 15o6, 

Board for locating a deep-water harbor in southern 

California. 

Prof. J. P. C. Southall, Crozet, Albemarle County, Va, 

E.W. Goerke, C. I,., Columbia, Pa .. 

Prof. 0. C. Harrington, Chicago, Ill. ................. . 
F. L. Tibbetts. Boston, Mass .......................... .. 
J.E. Purcell, Purcepolis, N. c .............. . I 

and 1662, vicinity of Coney Island, New York; also cotnparative tracing 
showing curves of depth for the same locality at clifTcrc-nt dates. 

Tracing of harbor of Santa Monica, Cal., showing comparison of curves 
of depths from surveys of 1~3 and 1897; blue-print copy of topographic 
sheet !'io. 2125 showing proposed location of breakwater; also 8 bltte 
prinL• of recent hydrography of Santa Monica Harbor. 

Isogonic, isoclinic, aud isodynatuic curves for the United States for 19<>0: 
infonnntion concerning the scCular variation of magnetic force and 
its distribution in 1900. 

Blue print of isogouic chart for 190<>; also of chart of nn nual cha ngc of 

magnetic declination; various pamphlets. 
Height of Mount St. Elias and Mount I,ogan, Alaska. 
Descriptions of 8 trigonometrical stations on Cape Cod, l'tlassachusetts. 
Magnetic information and charts showing inaguetic declination aud 

annual change at Purcepolis between 1792 and the present time. 
......... , 

H. L. Corthell, C. E., New York, ?>;. Y .................. 1'hree blue prints of 18<)7 survey of Brazos River entrance, #rexas; three 

.I 

prints of con1parative contours, satne region; thr~e prints of cross sec· 

lions of Brazos River jetties. 
27

1 

Capt. L. W. \'. Kenno11, l'. S. A., Washington, D. 0 ... i Sketch showing the progress of triangulation by the Coast and Geodetic 

I 

Survey, the Lake Survey, and the Corps of Engineers l.J. S. A. 

27 ll:!aj. H'.Giddiugs, Hartford, Conn ...... _ ............. Le1~g.th and.coudition of li.ue .between ~an~0for~ an~' West Hills, Conn. 
271 A. D. Mills, Montgomery, Ala ........................ 

1 

Position, height, and descnpt10n of station Wilder, Ala. 
27 W. Bell Dawson, in charge of Canadian tidal survey, Statement concerning expenditures for tidal work in 18g6. 

, Ottawa, Cnnadn. 
I U.S. Geological Survey, Washington, I>. c ........... ·1· Estimate of the probable error of the comparison between the tide 

I 
staves at Oakland and Sausalito, Cal. 

2 l\I. Rollet De I,' Isle, Hydrographe de la marine, Paris, I Tidal information. 

France. I 
21 Lieut. A. ]. Petito lla.sto, of Portuguese navy, Lisbon, I Tidal information. 

Portugal. 
~ I..,ieut. l\f. M. !'tlacomb, C. S. A, Fort Riley, I'ans ... I>ositions of 7 geodetic stations in the vicinity of Fort Riley Military 

Reservation; elevation above sea level of n bench mark at Junction 

3 

4 

6 

6 

I City. 
Col. A. C. Pennington, U.S. A., Fort Aclan1s·, R. J .... ·I· Geographical position and descriptions of trigonometrical stations iu 

the vicinity of Fort Ada111s 1 R. I. 

llydrograpic Office, Navy Departlnent, \\1ashi11gton 1 Tidal constants for Tan1i:· ·o, l\lexico. 

D.~ I 
C.11. Vanorden, Catskill, N. Y ......................... 

1 
Geodetic dnta nud descriptions of 2 trigonon1etrical stations ou the Hud· 

· son River, New York. 
0. C. Farrington, Chicago, Ill............. . . . . . . Geographical position and height of Mount I,ogan, nriUsh North 

America. 
9 f \\·. Beckwith, I.,ake Geneva, \\'isconsin.... .. . . Reference to inforn1ation concerning the inngnctic needle in the hands 

1 of Columbus. 
91 J. F. Shcllcn, \\rashington, D. <: · · • •. · ..•••...•.•.•..• .I Opinion as to the value of his 11 rndiin1eter." 

9 lion. C. K. Da\·is1 Foreign Relations Conunittce. V. S. I Sketch showing the position of Mount St. Elias relative to. the one huu· 
Senate, \Vashington, D. C. drcd and forty·first tueridian and the 10 tnarine league hue. 

9 J A. M. Ford, Salem, N. J.,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Heights of certain high waters at Fort Hamilton, N. Y., Reedy Island, 
I Delaware, and Port Royal, S. C. 

w Edmu:ld Jones, Cold Spring Harbor,::-;. Y ........... ·I Results from !tis magnetic observations of 18g6. 

12 Aspinwall and Lincoln, c. H., Hoston, ~fnss .. ....... ·l ~rracing of Toby Island, Buzzards Day, Mnssachusetts, frotn original 
I topographic sheet No. 2227. 

12 Richard l'. Morgan, Board for locating a deep-water 

1

, Tracing~ and blue prints of map of southern California by U.S. engi-

harl>or in southern california. nccrs 111 1891. 
12 J. 'r. and J. n. Postlethwaite, c. E., Paducah, Ky ..... Position and description of the astro1101nical station at Paducah, Ky. 
12 u. s. Geological survey, Washington, D. c ............. 1 Comparative statement of tidal planes at Fort Point and Sausalito, Cal. 
13 .Men.1u ..:ohen, sewerage commission, Baltitnorc, l\.f<l. I Current table for Pntapsco River Entrance, l\faryland. 
13 William Hood, chief engineer Southern Pacific Rail- Descriptions of 2 bench marks at Sau Pedro, Cal. 

road, Oakland, Cal. 1 

13 J. F. Hall, editor of Daily Union, Atlantic City, N. J .. ·I Explanation of tide ta hies; times of high water at Atlantic City, N. J., 
for March, 18g7. 

13 i Prof. !\1. !\lerriman. So. Bethlehem, Pa ............... ·\ Prints of isogonic chart for 1900 and chart of change of magnetic de­

clination 18g5 to 19<>0. 
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Date. Name. Data furnished. 

--- ------ -------------·------ ---------------- ·----· -------------------- -
1897 

Mar. 15 

15 

Board for locating a deep-water harbor in southern 
California. 

J. 0. Campbell, Montgomery, Ala ..................... . 

Tracings of the 1897 surveys of Snnta Monica and San Pedro harbors, 
California. 

Description and elevation of n station near Collirene, Aln. 
I7 H. Le Roy Potter, New H:nven, Conn.................. Descriptions of 2 bench marks on Money Island, Connecticut. 
17 Hon. S. n. Elkins, U.S. Sennior, W. Va ................. Statement of extent of the coast line of the United States, including 

Alaska. 

19 I Division of Militnrr Infonnation, War Department, 
I Washington, D. C. 

19 
1 

W. B. Wilson, New Bedford, Mass ..................... . 

Specimens of standard topographic symbols used by the Const and Geo­
detic Survey. 

l'hotogrnphic copy of hydrogrophy between Fairhaven and Coggeshall 
bridges, New Bedford, Mass. 

20 

20 

Dr. L.A. Bauer, Cincinnati, Ohio ...................... . 

Prof. William Bullock Clark, Baltimore, Md .......... . 

Prof, W. B. Clark, director Maryland Geological Sur­
vey, Baltimore, :\Id. 

D. M. Picton, Rockport, Tex ..... 

A list of magnetic declinations as observed and as reduced to the epoch 
1900, at 83 stations in the State of Maryland and adjacent borders of 
neighboring States; similar list of 6o stations where dip and intensity 
were observed; prints of the isogonic and annual change charts. 

List of nil the tidal stntioas of the Const and Geodetic Survey in the 
State of Maryland. 

Scheme of the Coust and Geodetic Survey triangulation within the 
State of Maryland; scheme showing charts of the Const and Geodetic 
Survey within the State; also list of topographic and hydrogrnphic 
sheets of ~~arylaud nud area of hydrogrnphy. 

Tracing of topography of Aransas Pass and vicinity, Texas. 
25 H. E. Halfpenny, Boston, Mass ......................... Height of trigonometric station" I,eg!(S Hill," Massachusetts. 
25 W. A. Brewer, surveyor, Keesville, N. Y ..... ........... Magnetic inforn1atio11. 
25 L. Wilson, Haverstraw, N, Y ........................... Length of a minute of the pnrollels 41° and 42°, and of n 111inutc of lhe 

meridian for the same latitude; also, length of a statute mile in 
1uetres. 

27 Charles H. Hasswcll, New York, N. Y................ Longitude of St. Louis and description of the astronon1ical station at 
that pince. 

27 ]. C. Ralston, New York, N. V . ........................ Infonnnlionconcerning gravity n1ensures1 with references to Johusou•s 
· and Doolittle's publications for inethods of observing nzitnuths. 

29 J.C. I-Ienkcnjns, San Francisco, Cnl .................. Elevations of trigonotnetricnl stations "Rocky r-louud" unrl 11 Co11tra 

30 

Costa." 
G. M. Donhan1 1 Portland, Me .......................... Advance copies of tides for 1898 for Eastport and Portland, !\le. 
Daniel O'Hare, U.S. General I,,and Office, Washing- i Copies of sketche• showing the survey of the oblique boundary between 

ton, D. C. · California and Nevada; geographical positions of the principal trian­
gulation points. 

Apr. W. H. Edinger, Stroudsburg, Pn........................ lllngnetic information. 
A. I.,. l\loss, Sandusky, Ohio ............................. Charts showing n1ag11etic declination in the United Stutes in 1885 and 

5 I A. R. Sweet, Pawtucket, R. I. .......................... . 
5 F. W. Hodgon, Boston, Mass ......................... . 

6 

7 
14 

John S. Irby, Richmond, Va ........................... . 
G. S. Dunn, Newark, N. J ............................. . 
Prof. W. B. Clark, Baltimore, Md ...................... . 

1900, and annual change during 189<> to 1900. 
Magnetic information. 
References to Const Survey publications. 

Explanqtions of tide tables for 1397. 
Information concerning tides in the Hudson River. 
Extension of priniary triangulation over the State of Delaware n ncl over 

Delnwnre Bay into Virginia; names of primary stations; location of 
astronomical stations in Maryland; scheme of published charts of 
Delaware Bay and the New Jersey coast. 

16 W. D. Chestern1an, Richmond, Va . . . . . . . . . . . . . . . . . . . . . Magnetic inforn1ation. 
16 Maj. S.S. Lench, U.S. E., New London, Conn .......... Description of the bench mark on Little Gull Island, New York. 
17 J U. s. Geological Survey, \Vashington, D. C ............. Geographical position of Springfield, Ill. 
17 F. P. Chaffee, Weather Bureau, Washington, D. C...... Latitude and longitude of 3 stations in Alabama: elevations of hench 

I marks between Mobile and Okolona. 
20 John A. Rudd, Washington, D. C ....................... The highest and lowest tides observed at New York. 
22 Jos. 0. Webb, Oaks, N. C................................ Magnetic information and directions for use. 
22 Col. A. C. M. Pennington, U.S. A., Fort Adams, R. I .... Certain appendices, with suggestions respecting triangulation in the 

vicinity of Fort AcUln1s 1 in connection with gun practice. 
Jn mes M. Robertson, Cambridge, Md .................. · Magnetic information. 
Dr. Frank Waldo, l'rinceton, N. J ...................... : Magnetic declination at n place in southwestern North carolina for a 

t number of ycnrs between 1850 and 1900. 
Harbor Conunissioners, ~raco111n 1 \Vash................ Geographical positions of 81 stations in the vicinity of Tacon1a, \Vash. 
A. S. Parsons, Cntnbridgeport, Mnss..... . . . . . . . . . . . . . . Tidnl infornrntion. 
U.S. Geological Survey, Washington, D. C............. Descriptions and geographical positions of 33 stations 011 the south coast 

of Long Island, New York. 
J. S. Tyler, Blossburg, Mont .......................... : Information concerning magnetic declination. 
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Date. Name. Data furnished. 

-------- -----------

1897 
Apr. 28 Hon. C. K. Davis, U.S. Senator, Washington, D. C ...... Copy of Alaskan lloundary sheet No. 12, to accompany report of the 

May 

June 

International lloundary Con1u1ission. 

2<) R. D. Hall, cart wright, Pa.............................. Table of positions of l'olaris and of Alioth. 
29 H. B. Wood, chief engineer topographical survey of Descrip:.ions of 3 trigo110111etrical stations iu the vicinity of Provincc-

1\:lassachusctts, Boston, Mass. town, Cape Cod, .Massachusetts. 
29 'rhos. D. Mosscrop, Brooklyn, N. Y .. .. . . .. . . ... .. .. .. Tracing of topography of Jamaica Bay, New York. 

29 U.S. !';avy Department, Washington, D. C ............. Thirteen blue prints of the topography and hydrography of Ricks l'as-

3 

3 

4 
5 

8 

8 

8 

IO 

IO 

10 

IO 

II 

13 

15 

15 

17 
17 

18 

19 

19 

20 

20 

20 

1 

sage and Sinclair Inlet, Puget Sound, \Vasbington. 
U.S. Geological Survey, Washington, D. C............. Descriptions of bench n1arks at San Pedro and Santa :Monica, Cal. 

Joh~ S. Irby, Richmond, Va ............................ 1 l~xpl~na~ion of tide tables. . . . . 
1 

• . 

C. \\ yeth 1 New York, N. Y ........................... ·j Descnphons and geograpJucal positions of 57 tngo to111etncnl stations 
1 in the vicinity of Jan1uica Bay, New York. 

Prof. S. N. Willia1ns1 Conu~ll College, Mt. V~t non, Iowa. J Magnetic inforn1ation and isogonic and annual change charts; positions 

I of Polaris between 188\1 and 19w. 

\V. lt Downes, Bennington, N. II ....................... , Magnetic infortnation and copies of isogonic and annual change chartsj 

I positions of Polaris between 1889 and 19w. 

U.S. Geological Survey, Washington, D. C ............. \ Geographical positions of 6 111ountains in \Vashington. 
U.S. Geological Survey, Washington, D. C ............ ·[ Copy of triangle 11 Zcda "-"Short"-" Walker'' of the Tennessee triangu-

lation. 
U.S. Geological Survey, Washington, D. C ......••.... .I Geographical positions of Berryville and Winchester, Va. 

Kiggins & Tooker, New York, N. Y ................... ) Tidal iufonnation for the Pacific Coast. 
G. M. Atkinson, Tilden, 'tex .......................... ·I l\Iagnetic information and copies of isogonic and annual change charts 

l for the epoch 1900. 

u. S. Geological Survey, Washington, D. C ........... ·Description of the bench mark at the Wa•hington, D. C., Navy-Yard. 

D . .S. Dul>s, Alarburg, Pa ............................... ! Present bearing of an old line; 1uag11etic pamphlets 

C. E. Nager, Ryland, Va . .' ............................. ·i Magnetic information. 
J. \V. Thompson, Ca1nbndge1 Md .....•..•.•......•.... 1'-Iagnetic inforn1ation. 
H. S. Haynes, surveyor~gencral, Burlington, N. J . . . Isogonic and isodyna1nic charts for 1900. 

Col. A. C. M. Pennington, U.S. A., Fort Adams, R. I... !'lotting of tiiangulatiou points on chart No. 353. 

Phil. Markley, Wooster, Ohio......................... 1\-lagn~tic infonnation and isogonic chart for iyoo. 

G .G. Cole, Hohuesville, Ohio......................... Magnetic information and isogonic chart for 1900. 
N. T. Brown, C. ~., Lincol111 Va ......................... Z\tagnetic infonnation and isogonic chart for 1yoo. 
Com1nander S. \\1

• \'cry, V. S. N., Dostou, l\.lnss ......... ~ Geographical positions, distances, and azi111uths of 4 triangulation Sta· 

I 
lions on the coast of l\.lainc. 

Con1111ander J . .B. Craig, U.S. N., Hydrographic Office, 
1 

Copy of ti<lal curve fron1 the Sausalito, Cal., record, showing the earth~ 

Navy Department, Washington, D. C. i quake wave of June 15, 18¢. 
"\V. F. \Villian1s, city engineer, New Bedford, !\lass ... ·j 'l'racing of the hydrography of Acushnet River and New Bedford Har· 

' hor, .l\Iassachusetts, f10111 the ~urvcy of 1895 an<l 1b¢. 

Seth Dean, Glenwood, Iowa ........................... [ Table of observed aud computed maguetic declinations at Glenwood, 

I 
between 1851 an<l 1897; also copies of isogonic chart and chart of annual 

change of declination for 1900. 
Hon. James L. Slayden, :\I. C., San Antonio, Tex ...... 

1 

Magnetic information and isogonic and hnnual change charts for l9<JO. 

Hou. 'I'h. H. Ilall, M. C., \Vashington, D. C......... .. . . . Magnetic inforn1atio11 and isogonic and annual chnngc charts for 1900. 

\V .D. Howe, C. ~.,Concord, N. li., ..................... Declination charts for 1900 antl reference to n historical account of trc. 
restrial 111agnetisu1. 

20 E. K. Taylor, Alau1eda, Cal ............................. llx:planations of tidal phenomena. 
21 B. ~.Valentine, New York, N. Y ....................... Blue-print copy of the topography of the eastern part of Jan1aica Bay, 

21 

25 
26 

08 

F. Cope Whitehouse, Newport, R. I ................... . 

J. H. Young, Philadelphia, Pa ......................... . 

\V. G. Yetter, Catawissa, l'n ........................... . 
R. V. \\'oods, lllaiu, Perry County, Pa ................. . 
Joseph Young, Philadelphia, Pa ...................... . 
A. van Haake, l'ost·Office Dcpartntent, Washington, 

D.C. 
c. A.1\fcKinney, U.S. Engiut:cr's Office, \Vashington, 

D.C 

New York. 
'l'raciug aud blue print of the hydrogruphy south of Newport: R. I., from 

Ilrcntono Point to ~pouting H.ock. 
Elevation of bench n1ark at Ca1ndcn Court-house, N. J · 

Table of 111agnctic cleclinations ut Catawissa, Pa., 1770 to 1905. 

Magnetic inforn1atio11 an<l charts for 1900. 
Descriptions of bench 111arks nt Ca111dcn and Gloucester, N. J. 
Descriptions of 5 astrouomical stations in West Virginia aud Kentucky. 

Elevations of 2 bench 111arks in the District of Colun1bia. 

\\'. L. Kinzie, surveyor, Newport, Va .........•.....•... Magnetic infornuitiou. 

J. F. Le Buron, Jacksonville, Fla ....................... Geographical positions on the St. Johns River, Fla., as far south as 
Hibernia. 

l I Thos. N. Johnson, Pittsburg, Pa ... ······ .............. ·1· Elevations above sea level of 4 points in Indianapolis, Incl. 
1 A. B. Chandkr. Howling Green, Va .................... Change of magnetic bearing of a line iu Caroline County, Va., between 

• I the years 1803 and 18g3. 
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Jnji1r111ationfun1islted to Departments of the Government in reply to special 1·cquests, etc.-Continued. 

.. -----·-------- -·-------- --------·------------------- ----------------
Date. 

1897 
June 1 

Name. Datn furnished. 

------- --------------

C.H. A. Whiteford, Delta, Pa ................... . Inforn1ntion concerning geographical positions, 1nagnctic declinations, 

length of the nautical mile, and length of n degree of the meridian 
_ 

1 
nnd pnrallel. 

U. S.Geological Survey, \\Tashington, D. C ............ -: Twelve geographical positions in New IIntnpshire, Kentucky, and Ohio. 
Prof. J.C. Branner, I..elancl Stanford t;niversity, Cali· Elevations ·or 25 bench marks on the line between Van Duren. Ark., nud 

fornin. 

2 j A. L. McDonald, Snn Francisco, Cal. ............. . 

Scligrnnn, ~·Io.; descriptions of the sa111e; elevations of 16 railroad sta­
tions on the san1e line. 

Blue print of tidal curve from the Sausalito record, showing the earth· 
quake wave of June 151 1896. ! 

2 
1 J. N. Muller, New York, N. Y....... . . . . . . . . . . . . . . . . . Times of high water at Fort Hamilton and Bath Beach, N. Y., and Sandy 

I 

Hook, N.J. 
3 \V. D. Pence'. University of llli~1ois ..................... Description and elevation of the bench nmrk at Odin, Ill. 

3 P. 8. Geological Survey, \Vnsh1nbrton, D. C............. Three azimuths at stntions "Ze<ln 1\-lound," "'Valker1 " and "Short 

• l\lontezu111n, Nev. 
. I ~louutain," Tennessee; geographical positions of Lone ?.fountain and 

8 :;· S. v.·enther nurea.u, Washington, D. C .............. '! Description of a bench tnnrk nt 1~acmna, \Vash. 
II s. D. Strong, Setaukct, N. y ............................. ' Tracings of the topography from West Setauket to Stony llrook, Long 

I Islnn<l, New York, from surveys of 1837 and 1886. 
11 U.S. Geoloi,rical Survey, Washington, D. C .............. Elevations of 6 stations in New Hampshire ntl<l Ohio. 
12 Charles Wyeth, surveyor of oyster lands, State of I Plotting of triangulation points on cotnpiled n1ap of \Vesten1 part of 

New York. I Jamnica Day and of Shecpshead Day, New York. 
12 U. R. Geological Survey, 'Vashington1 D. C............. Geographical position of station ·•Short, 11 Tennessee. 
14 I U. 8. Geological Survey, \Vashington, D. C............. Description of station "Lone Mountain, 11 Nevada. 
15 / W. Y. Smith, U.S. F.ngineer'sOffice, Wilmington, Del. I Distance between two specified points on Chesapeake Day. 
15

1 

Prof. R. I.,, Sackett, Earlhan1 College, Richtnond, Ind. Annual change of the tnagnetic declination at Richmond, Ind. 

15 Conunander 8. W. Very, U.S. N., lloston, ~tnss ....... Verification of 3 distance computations for speed trial lines ofT f\.Ionnt 

16 

Desert, Mc. 
I~ieut. Col. \Vn1. Ludlow, l.J. S. H., New York, N. Y .... Projection of Lower New York Day-scale 1-20 ooo, with triangulation 

poinls and shore line. 
18 r. S. Ccologicnl Survey, \\'ashington, D. C ........... Descriptions and geographical positions of 2 trigono111etrical stations in 

the \\'hite 'I\Iountnin region of Nevada. 
1~ W. C. Clenn, Hufanlu, Ala.................... Astronomic latitude and longitude of the station of 186oat Eufaula, Alu.: 

rcsul t of tuagnetic observations of 18¢ nt satne place. 
18 C. jess Young, Philadelphia, l'n ....................... Height of the highest observed stages of the Delaware River at l'hilu-

dclphia1 and the }>otomac River at \Vnshington. 
I9 j 'rhe::o. C. Hoech, German legation, \Vashingtou, D. C. Characteristics of ~iurnnl tides, with n list of son1e places where they are 

known to occur; blue prints of typical curves; various pntnphlcts. 
2[ B. F. Koller, Shrt.'\\'Sbury1 Pn ..... Change of nrngnetic declination behveen the years 18o6 and 1907 in the 

sonthenstern part of York County, I>a.; also pan1phlets and niagnetic 
charts. 

2.1 L S. Geological Survey, \\'nshington, ll. C.......... Descriptions nncl geographical positions of Helena, Mont., astronomical 
station nnd conrthous~ spire. 

24 Theo. G. Hoech, royal Pn1s.<;ia11 inspector of public ;ridal information. 

works, Gcrmnn lcg-ation, \Vashington, D. C. 

24 W. S. Harshnurn, Nant1ca1· Almanac Office, Wash- Tidal information. 
ington, D. C. 

25 ] . W. Sackett, St. Augustine, Fla ...... . 
J. rticchan, :-;~w York, N. Y .......................... . 

t;, S. Fish Conunission, Washington, D. C ............ . 

Hon. C. K. Davis, U.S. Senator, Washington, D. C ... J 

28 ]. F. Le Baron, Jacksonville, Fin ... 

l\xplanutions in regard to geodetic dntn on the west coast of Florida. 
Infonnation conccrniug theactunl locntion of the boundary line between 

Virginia nnd North Carolina, in the vicinity of Knott Island. 
Dhtc prints of 3 topographic sheets of part of San Francisco Day, Cali-

fornin, including oyster beds nnd shore line. 

!\1np showing Hnwniian Islands and their distances from various points; 

tracings of part of llerghan's chart of the world on Mercntor projection. 
One hundred and fifteen geographical positions on the coast of Floridn 

nnd on the St. Johns River. 
29 R. II. Faries, \Vitlian1sport, Pa........................ :Magnetic iufornrntiou and isogontc and annual change charts for 1900. 

30 Satnnel River, San Antonio, Tex . . . . . . . . . . . . . . . . . . . . . Description and geographical positions of 5 astronon1ical stations in the 
I State ol Ttcxns. __________________________ _;_ _______________________ _ 
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OFFICE REPORT N0 .. 1-1897. 

REPORT OF THE ASSISTANT l:N CHARGE OF THE OFFICE FOR THE FISCAL 
YE.AH. ENDING JUNE 30, 1897. 

UNITED ST.A.TES Co.A.S'.I.' .AND GEODE'l'IO SURVEY OFFICE, 

Washington, D. G., June 30, 1897. 

GENERAL: I have the honor to submit herewith the annual reports of the heads of the 
various subdivisions of this Otnce, which are so detailed that but little comment is necessary, but 
certain principal matters may be here rnentione<l. 

The computing division bas carried forward the computations of the great transcontinental 
arc. It has completed the adjustment of the telegraphic longitude connection of North America 
and Europe, and of the primary longitude net of the United States, and prepared these results 
for publication. Extensive papers on the distribution of the magnetic declination, dip, and 
intensity for the epoch January, 1900, have also been prepared for publication. 

In the tidal division the proof of the Tide Tables for 1897 was read and the predictions for the 
tables of 1898 were completed, and the predictions for forty stations for 1899 were made. The 
preparation of P~rtR I and II of the Manual of Tides was continued by Dr. Harris. 

The necessity of an increase in the force of computers is pointed out, and I concur in the 
recommendation of the chief of this division in regard to this matter. 

In the drawing and engraving division many of the charts have been corrected from survey::; 
made under the direction of the Chief of Engineers, by whose courteous cooperation much 
valuable information is promptly furnished to this office. 

The operations of the printing section have been facilitated by the substitution of a 600-ton 
hydraulic press for the roller calendering press formerly used. 

The details of the operations of the chart division require 110 mention other than the report 
itself. The chief of that division, in addition to his regular duties, prepared at my instance a 
Table of Depths of the Channels and IIarbors of the Coast of the United States, which has been 
published as Bulletin No. 36. 

The miscellaneous dh'ision calls attention to an increase in the number of agencies for the 
sale of charts. 

The instrument division notes the progress made in the construction of the tide-predicting 
machine, for the use of the tidal division, and the construction of new tide gauges on improved 
designs. 

In regard to the library and archives, it has seemed to me a wise policy to restrict the 
accumulation of books to the necessities of the office and not to attempt the collection of a 
large number. 

No change has been made in the immediate office of the .Assistant in Charge. ::\fr. A. B. 
Simons has continued to act as clerk to the Assistant in Charge, attending to manifold duties, 
including the keepmg of the accounts of the moneys received by this Office. Mr. Eugene B. 
Wills has bad charge of leave of absence record and the shipment of materials from this office. 
l\iiss Sophie S. Hein and M18s Kate Lawn have attended to the typewriting and many miscel­
laneous duties appertaimng to their desks. 

In addition to Ins other dut10s the Assistant m Charge has acted as Superintendent during 
your absence. 

Yours, very respectfully, 

Gen. W. W. Dul·'FIELD, 

Superintendent U. 1:). Coa&t and Geodetic Survey. 

0. H. 'l'IT'.l'MANN, 

Aissistant in Charge of the Offir.e. 
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REPOHT OF THE COJIPUTING DIVISION, COAS'l' AND GEODETIC SURVEY OFFICE, 
FOR 'l'HE FISCAL YEAH ENDD.G JUNE 30, 1897. 

COMPU'.l'ING DIVISION, .Jmw .'JO, 18.91. 

SrR: Iu conformity with the regnlatious and usage of the Survey, l have the honor to present 
herewith my annual report of the WOl'k done by the members of the compnting division <luring 
the fiscal year endlug .Jnue 30, 18D7. 

The charge of this division has remained with the undersigned. I regret to liave to state the 
loss the computing division suffered in the death of C.H. Kumrnell, which occurred April 17, 1897. 
}Ir. Kummell was au accomplished mathematician, and was connected with this division of the 
office since November 8, 1880. The place has not yet been fil_led, and the force was still further 
reduced by the enforced absence through ill health of H. F. Flynn, who wns temporarily assigned 
to field duty after a severe sickness in February last. Some assistance was given by short 
assignments t-0 oflice work of members of the field force. 'fhe division remains without a clerk. 

The various duties devolved upon the chief of this division are so well known as not to be in 
need of yearly restatement; it is sufficient to say that they were promptly attended to, though 
the annual official correspondence, 'as referred to this division, appears to increase in volume. 
'fhree important and extensive papers were prepared for publication, in which I had the effective 
aid of l\fr. Hazard, of this division.. They are entitled "Distribution of the magnetic declination in 
the United States for the epoeh January, 1900," with two charts; "Distribution of the magnetic 
clip and the magnetic intensity in the United States for the epoch January, 1900," with thl'ec 
charts; and "The telegraphic longitude connection of North America and Europe and adjustment 
of the longitude net of the United States,'' with a map. The first paper is published in the 1891i 
report; the secoml contains results of observations of dip and intensity at mol'e than 1 600 
stations, together with the charted values for the advanced epoch; the third paper contains the 
individual results of telegraphic differences of longitude for 4;3 stations and the adjustment of 
tl1e 72 differences of longitude; the older cable connection with the European system is now 
strengthened by the introduction of the Canadian determiuation of 1892. Four papers on results 
of spirit leveling were prepared for publication as appendices to the 1896 report. The general 
introduction explanatory of the transcontinental triangulation was written out, as well as an 
account of eight of the ten base lines contained in it; this includes statement of the position of th1~ 
bases, their unit of measure, resulting length and probable error, adjustment of the base net, and 
probable error of the sides joining the net to the triangulation. I have also kept up to date the 
discussion of the magnetic elements. 

A condensed specification of the work done by each computer during the fiscal year is here 
with submitted; it is made up from the daily and monthly reports. 

Edward H. Courtenay was engaged m:tinly in the computations and adjustments of the trian­
gulations, viz, coast of Texas, Sabine Pass to the Brazos River, 1848-188~; C<lte Blanche and Ver­
million bays, 1855-1890; computed spirit levels in connection with the Salt Lake and Salina base 
lines; computed a number of abstracts of horizontal directions of principal stations in Kansas, 
~Iaryland, and Delaware, and prepared them for publication; attended to a number of miscellaneous 
geodetic computations; supplied data required for field or other parties; had charge of the 
geographical registers and of duplicates of records, and supervised part of the work of several 
of the younger computers. 

Myrick H. Doolittle was chiefly engaged in the preparation of abstracts of vertical angles at. 
all the primary stations in the transcontinental triangulation passing through Nevada, Utah, and 
Colorado, to close of field season of 1896; he prepared also abstracts of horizontal directions of 
stations about the Salt Lake base, and adjusted the base net, and computed the height of stations 
between Mount Diablo and Point Arena, Cal. 

Charles H. Kummell was engaged in the computation of• geographic positions in Texas 
and Louisiana, iu solving equations, and ou miscellaneous geodetic work; be also computed the 
azimuth of stations Los Angeles northwest, Los Angeles southeast, Mount 'foro, Point Isabella, 
:Minneapolis, and Salina, 1896. 

J.B. Boutelle computed part of triangulations of Hudson Hiver~ New York, 1854-18!l5; of 
Perdido Bay, Florida; Perdido H.iver aud coast between Pensacola Bay and Perdido Bay, and 

6584--6 
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of Brazos H.iver, Texas, 189G, all<l San Francisco Bay, 1897; computed a number of geographic 
positions in 'l'exas, Louisiana, and Florida; attended to miscellaneous geodetic computations, to 
e11tel'ing of position into the geographic registers, to copying of reports, an<l other clerical work. 

Daniel L. Hazard computed the following difforences of telegraphic longitudes: El Paso and 
Austin, Austin aud Laredo, Austin and Galveston, Austin and~ ew Orleans, Cambridge and Calais, 
Key \Vest and Charleston, all of 1895; and 'Vasliington and Cambridge, Wasliington and Itliaca, 
Ithaca and Cambridge, Washington old and new sities of U11ited States Naval Observatory, Key 
West and Atlanta, Atlanta and Little H.ock, Washington and Charleston, Albany and Cambridge, 
Albany and Montreal, Albany old and new site of observatory; San Francisco, Lafayette Park 
and. Presidio stations; Washington, Old Naval Observatory and Coast and Geodetic Survey Office, 
all of 1896, aud v\T ashiugton and Dover· of 1897; revised also older telegraphic longitude abstracts 
and assisted me in tlie preparation of a paper Oil the telegraphic longitude results. He computed 
the astronomic azimuth of Uncompahgre, Colo.; Mount Conness, Cal.; .Mocho, Cal.; Unalaska, 
Alaska; and Minneapolis, Minn., and revised several azimuth computations. Mr. Hazard also 
computed the chronometric differences of longitude between Sitka a11d Kadiak and Unalaska, 
Alaska, 18!lG, aud computed the magnetic observations made by Baylor, Putnam, and Faris in 189G, 
and those by Baylor and French in 18H7. He revised also tlte collection of dips and intensities of 
Appendix No. 1, Report for 1897, a8 prepared by me. As in preceding years, the amount of work 
done by this computer is remarkable for its magnitude. 

Harry F. Flynn computed the following astronomic latitudes: Patmos Head, Utah; Wasatch, 
C"tah; Tavaputs,Colo.; Ellsworth and Wallace in Kansas; Pikes Peak and Uncompahgre iu 
Colorado, and Union City, Ind. After February 15, 1897, with the exception of nine days iq May, 
the computing division lost his services, first on account of sickness, ~nd about a month later by 
assi1:rnment to field duty for restoration of his health. 

Lilian Pike was principally engaged on the computation of astronomic latitudes; assisted ht 
the revision of the table of magnetic dips aud intensities; computed the length of the speed·trial 
course i11 San Francisco Bay; prepared abstracts of vertical measure for Iieights in Kansas; 
solved normal equations; and assisted in revisions or checking of various geodetic work. 

Francis \V. Clay plotted magnetic stations and results for dip and intensity for the epoch 
moo; computed geographic positions in the States of New York and Louisiana; solved normal 
equations; attencled to some work in con11ection with the tidal divisiou; reduced horizontal 
directions of the triangulation about Salina base, Kansas, and of the primary branch from Kent 
Island to Cape May, 1896-97. He attended also to miscellaneous geodetic revisions and to copy­
ing of informatiou needed in the field. 

'l'he following members of the field force were temporarily assigned for duty in this division: 
II. G. Ogden was engaged in the computation of apparent places of stars; assisted in the 

computation of the triangulation of the coast of Texas, 1848-188~, putting the same on modern 
data; prepared abstracts of horizontal directions, triangulation of Vermilion Ray, IJouisiana. I-le 
was detaclied from the computing division on December 12, 18!!6. 

F. A. Youug, assistant, reported for duty September 8, 189G, and left for field work Decem­
lJer 4, 189G. During this interval he revised spirit-level results prepared for publication and com­
puted apparent places of stars. 

A. 'l'. Mosman, assii:itant, was assigned to duty in this division November 2, 18!)(), Ile com­
puted ihc time and azimuth at the following stations: l\Iou nt Tol'o, Santa Lucia, and San ta Ana, 
California, all of .1.88;'); Point Isabel, Texas, Ralch and Ranier, Oregon, of 1886; Minneapolis, 
Jli1rn., and Fitzsimmons, Wis., of 1887; Fort Johnson, Charlotte, S. C., and Montgomery, A.Ia., of 
18HO; and !Jake Pontchartrain, Louisiana, 1896. He computed the length of the Salina base, 
Kausas, 1896, and prepared abstract of horizontal direction:-:, station Mahon, Del., 1896. 'Vas 
assigned to field duty April 7, 1897. 

Isaac 'Viuston, assistant, reported for duty April 7, 1897. Between this date and May rn, 
1897, wheu he left for Jield cluty, he advanced the computation of spirit levels west of Holliday, 
Kans., 18fl5-96. 

,V, Bowie, aid, wa,.; assigned to the computing division April rn, and remained until June ~6. 
])nring- this interval he assisted in the above work of checkiug spirit.level results. 
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J.B. Baylor, assistant, was assigned to the computing 1livisio11 June 21, 1897, and during the 
remaining ten d'ays of the fiscal year computed his magnetic observations made in Virginia in 1897 
and commenced abstract of horizontal a,ngles at Turkey Point, Maryland, 1807. 

Yours, respectfully, 

Mr. 0. H. TIT'l'MANN, 

Assistant in Charge of O.ffice. 

CHAS. A. SCHOTT, 

Assistant and Chief of the Computing Dil'ision. 

REPORT OF THE 'rIDAL DIVISION, COAST AND GEODETIU SURVEY OFFICE, FOR 
'l'HE FISCAL YEAH ENDING JUNE 30, 1897. 

TIDAL DlVISION, June 30, 1897. 

Sm: I have the honor to submit the following report of the tidal division for the fiscal year 
ending June 30, 18U7: 

'rhe reading of the proof of the Tide Tables for 1897 was completed; the predictions for 1898 
for the 44 stations remaining at the close of my last report were made, as also an extensive revi­
Hion of certain columns of 'rable 3, 'fide Tables for 1898, and the whole tables were read and 
revised in proof. ·while these tables are essentially similar to those for 1897, a number of new 
stations were added in Table 3, espedally on the Atlantic and Gulf coasts of the United States. 
The explanation of tables has been made a little more detailed, and I have added a list of 
authorities to which we are i11debted for valuable tidal da 1 a. 

The work of preparing the Tide Tables for 1899 was taken up as soon as the tables for 1898 
were out of the way, and predictions have been made for 40 stations. 

Harmonic analyses have been made for a year each of hourly ordinates at Cedar Keys, Pen­
sacola, and Tortu gas Harbor, Florida; 'l'ampico, Mexico; and Yokohama, Japan. Short series of 
lwurly ordiuates were a11alyzed for Havre, France; Lisbou, Portugal; Cape Horn, South America; 
and Port Hussell, New Zealand. 'l'he summations have been made for a year each of hourly ordi­
nates at 'Willets Point, N. Y.; Washington, D. C.; and St. Marks light, Florida, constituting the 
most laborious portion of an harmo11ic analysis for these places. The total work done 011 the 
harmonic analysis during the year is the equivalent of tlte complete analysis of about niue years 
of contiuuous records. 

The 11onharmo11ic reductions completed duriug the year consist of 14 series, the equivaleut of 
about four years of continuous observatio11s. 

Several auxiliary tables have been computed to assist in our work, the most extensive being 
an enlargement of the table of' coefficients for correcting the uuelimiuated effect of' one harmonic 
compoue.nt upon another. 

'l'he preparation of Parts I and II of the Manual of Tides has been continued. fo the prep­
aration of the historical. matter pertaining to Part I, the tidal work accomplished by Newton, 
Bernoulli, Lubbock, Whewell, Airy, and Ferrel bas been gone over in considerable detail, while 
many other workers on tides have been more briefly noticed. A good deal of study has been given 
to the subject of water waves under several assumed conditions, and au effort has been made to 
explain the tides as they exist in nature by the theories applicable to them under various circum­
stances. 

'fide notes have been prepared and furnished for 72 stations on 23 charts. 
Hequisitions from 18 field parties have been filled, requiring the description of 75 bench 

marks and tidal data for :m stations. 
'l'idal information has been called for hy !)5 persons not connected with the Survey, the response 

to which required the prepamtion of 5G dcscriptio11s of bench marks, current tables for 7 stations, 
and tidal data for 189 stations, together with technieal letters explainiug tidal phenomena. 

An aggregate of about twelve years of record from automatic tide gauges has been received, 
examined, and registered. 'fhere were 100 original and 89 duplicate volumes of tidal observations 
made uy bydrographic parties with staff and box gauges, as well as records of' currents at 8 sta-
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tions, which have been received, examined, and regist~red in this division during the year. About 
two years of tabulated hourly heights of the sea, times and heights of high and low waters, and 
temperatures and densities of the sea, and meteorological data were received. 

PRINCIPAL SERIES OP TID.A.L OBSERVATIONS MADE DURING 'l'llE FISCAL YEAR. 

Automatic tide gauge and tide indicator maintained in operation at Fort Hamilton, 'l'/w Nar­
rows, New York Hai·bor.-The automatic tide gauge and tide indicator, established in December, 
1892, and in May, 1893, respectively, on the wharf of Fort Hamilton, New York Harbor, with the 
permission of tpe commanding omcer of the fort, have been kept in successful operation during 
the fisca.1 year. 'fbe station has been in charge of Mr. J. G. Spaulding throughout the year. 

Automatic tide gauge and tide indicator 11utintained in operation at Reedy bland Quarantine 
Sta.tion, Dela:ware.-The automatic tide gauge and indicator, which were established at Reedy 
Islarnl Quarantine Station, Delaware B.iver, Delaware, in January, 1896, have been continued 
throughout the year, with some rather bad breaks in the record. The gauge and indicator are 
under the ·direction of Dr. A. H. Glennan, surgeon, Marine-Hospital Service, with various 
observers. 

Automatic tide f/attge at Washington Navy-Yard, District of Oolumbia.-The tide gauge, which 
was established in July, 1891, at the navy-yard, Washington, D. C., with the permission of the 
commandant of the yard, has been kept in successfnl operation during the fiscal year. The 
gauge has been attended by the members of the tidal division of this office, under the direction 
of Assistant H. L. Marindin. 

Automatic tide gauge cstabli.~hcd at Sparrow.~ Point, Md.-This gauge was established at Spar­
rows Point, Patapsco River, Maryland, in April, 1897, and the record continued to the end of the 
fiscal year . 

.Automatic tide gauge maintained at Port Royal Naval Sta.tion, South Carolina .. -This auto­
matic tide gauge, which was established in April, 1896, with the permission of the commanding 
officer of the station, was continued until April, 1897, when the station was discontinued. The 
gauge was in charge of Mr. B. W. Weeks . 

.1lutomatic tide gauge cstabli.yhed at Fcmandina, Fla.-An automatic tide gauge was estab­
lished at Fernandina, Fla., in May, 1897, and was kept in operation to the end of the fiscal year. 
The gauge is in charge of l\fr. B. W. Weeks. 

Automatic tide gauge maintained at Sausalito, Cal.-The automatic tide. gauge, which was 
established at Sausalito, Cal., in February, 1897, has been kept in successful operation during 
the fiscal year. The gauge is in charge of Mr. H. S. Ballard, under the direction of Assistant 
A. F. Rodgers. 

Tidal and current observations in Seymour Narr01cs, British Columbia.-This Survey has 
secured the consent of the Canadian Government to make a series of tidal and current observa­
tions at Seymour Narrows, on the north side of Vancouver Island, British Columbia, and the 
commander or the steamer Patterson left a party there, which it is hoped has been successful in 
sec1uing satisfactory observations, but their report will not be received in time for this report. 

Tidal observations from the United States engineers have b'een received from 12 stations on 
the Cape Fear River, North Carolina, the record being mostly for day tides only, and varying in 
length at the different stations from a few weeks to a number of years. 

'l'idal ob~ervations from the Canadian Government have been received for nearly two years of 
record of each of the following places: Sand Heads, Garry Point, and New Westminster, on the 
Fraser River, and at Victoria, Vancouver Island, British Columbia. 

Tidal observations from Lisbon, Portugal, for the month of January, 18!)7, have been received 
from A .• T. Pinto Basto, lieutenant, commanding the .lfaudovy, Portuguese navy. 
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'l.'iclal and current observations registered and reductions made in the t·idal division for tltc .fiscal 
year 1897. 

-·-- -----·-------------------------· 
Hy<lrographv. l · Durin~ I 

'otnl to I fiscal year : Total to 

.. ____ ~unc 3~'_18<)6. · ,897. J_J~:-=::'.~ 

Automatic ti<le gauges established ................... . Ill 

Aut~matic. tide. guages discontit.med .................. 
1 

105 

Parties domg tidal work exclusively ............................ . 

Parties doing tidal work in connection with hydro-

graphic work ............................................... . 

Staff and box gauges established .................... . 

Staff and box gauges discontinued ................... . 

RECORDS. 

Tidal and current observations, originals volumes .... . 

Tidal and current observations, duplicate, volumes ... . 

Aggregate years of record from automatic gauges .... . 

j Total stations for which reductions have been made .. . 

/ ___ Aggregate years of record reduced........ . ........ . 

2 430 
2 426 

5 309 
3 565 

326 

I 744 

352 

2 113 
1o6 

4 .......... 

14 ........... 
61 2 491 
58 2 484 

117 5 426 
105 3 668 

12 338 
28 l 772 

13 365 

The following persons were employed in the tidal division for the period given: 
Assistant Henry L. Marindin, in charge the whole year. 
Mr. L. P. Shidy, the whole year, and acting in charge during the absence of the chief of 

division. 
Mr. F. M. Little, the whole year. 
l\Ir. R. A. Harris, the whole year. 
Miss Alice G. Reville, the whole year. 
Mrs. Virginia Harrison. the whole year. 
Mr. D. S. Bliss, the whole year. 
Mr. Ernest Whitehead, the whole year. 
Mr. Daniel Hurly, July 1 to November 19, 1896. 
Mr. F. W. Olay, August 29 to September 12, 1896. 
l\Ir. B. F. Lopez, December 18 to 26, 1896, and May 10 to 29, 1897. 
Miss Ida Peck, January 5 to 20, 1897, one-half of each day. 
)fr. B. W. Weeks, April 10 to 28, 1807. 

The following field officers have assisted in our work during the year: Assistants J.B. Baylor, 
,J, A. Flemm·, W. C. Hodgkins, C. H. Sinclair, aud D. B. Wainwright read first proof of our 'l'ide 
Tables for 1898 iu ,January, 1897; Assistant O. T. Iardella, June 23-30, 1897, copied tidal re.cords 
for Southport, N. C.; and Mr. Albert F. Zust, aid, has been with us the whole year. 

The need for additional help in this division i8 so great that it would be true economy to pro­
vide for at lenst two additional computers. It would be most satisfactory if one of the new places 
could be a computer at $1 800 nnd the other at $9110 per annum, as this arrangement would permit 
of very worthy promotions in the present force. The great mass of accumulated tidal records can 
not be used for the l>enefit of navigation unless the working force of this division is increased. 

It gives me plea1mre to testify to the zealous interest in their work which has characterized 
the members of this (Ii vision throughout the year. 

Hespectfully, yours, HENRY L. MAIUNDIN, 
Assistant and Chief of Tidal Division. 

l\lr. 0. H. TI'l"l''.\1ANN, 
As.~i.~ta11t ill Gluirge of (~(ficc. 
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REPORT OF THE DRAWING AND ENGRAVING DIVISION, COAST AND GEODETIO 
SUH.VEY OFFICE, FOR 'I:IIE FISCAL YEAH, ENDING JUNE 30, 1897. 

DRAWING .AND ENGRAVING DIVISION, Jmie 30, 1897. 

SIR: I have the honor to submit the annual report of tlie drawing and engraviug division 
.for the tiscal year ending June 30, 1S!J7: 

SECTION NO. 1-DRA WING. 

The changes in the personnel have been as follows: 
Mr. C. V. l\lartin, draftsman, tendered his resiguation on Oct-0ber 13, 1896, which was accepted 

t-0 take effect October 14, 18U6. 
Mr. Harlow Bacon, draftsman, reported for duty ,January 6, 1807, having been certitied by 

the Civil Service Commission. 
Mr. A. Lindenkohl, draftsman, was reduced in salary on June 1, 18U7, from $2 400 to $2 000; 

and 
Mr. E. H. Fowler, draftsman, was promoted to $2 400 per annum and was assigned to duty 

as chief draftsman on June 25, 1897. 
Otherwise the force is the same as during the previous years. 
Mr. A. Lindenkohl has been employed in applying the latest 1mrveys to charts, verifying and 

correcting charts from the surveys of the Corps of Engineers, U. S. A., platting specific gravity 
observations in the Pacific Ocean, report on densities of the Pacific Ocean, correcting progress 
sketd1es for the Annual Ueport for 18!Hi, projections on copper, and constructing drawing for 
Mercator Chart No. 5002, "Coast of California." 

Mr. H. Lindenkohl has been employetl ou reductions all(l drawings for charts to be pul>Iished 
by engraving or photolithography, a base map of the Northwest Pacific, correcting progress 
sketches for the Annual Report for 1896, and transferring isogonic lines to copper. 

Mr. B. H. Fowler has been employed 011 reductions of surveys for engraving 01· photolithog­
raphy, verifying proofs, platting triangulation points, making pr~jections for field parties, and on 
copper. 

Mr. E .• J. Sommer has been engaged on reductions and drawings for engraving or photolith­
ography, making projections for field parties, and computation of triangulation and geogra.phical 
positions in Alaska. 

l\Ir. D. 1\I. Hildreth has been engaged on drawings for charts to he published by photolith­
ography, making pr~jections for field parties, verifying projections, and making tracings for outside 
parties. 

Mr. C. H. Deetz has been engaged on drawings for charts to be published by engraving 
or photolithography, tracings for outside parties, diagrams, map of anchorage ground, port of 
New York~ chart of Annual Change of Declination, bringing up to date the diagrams of original 
topograplnc sheets, and making projections for field parties. 

l\fr. E. P. Ellis has been engaged on drawings of charts for photolithographing, tracings for 
outside parties, diagrams for the Annual Heport of 1896, a drawing showing tlie location of quar­
antine and inspection stations in the United States, i,iketcbes for the Annmtl Report, and tracings 
of tidal curves. 

l\fr. P. Von Erichsen has been engaged on inking original topographic sheets, making tra­
cings for outside parties, copies of triangulation sketches, pro.iections and shore line on photographs 
of topographic sheets, measuring .areas with planimeter, and transferring sllore line a11d topog­
raphy on field prqjections 

Mr. Charles Mahon has been engaged on clerical work. 
Mr. C. V. Martin has been engaged in making diagrams of original hydrographic sheets, 

tracings for outside parties, and a map of Ship Island Quarantine Station. 
Mr. Harlow Bacon has been e11gage1l on diagrams of original topograpl1ic sheets, tracings for 

outside parties, and transferring points and shore line to field projections. · 
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During the year the following drawings have been commenced for engraving on plates or for 
phot-01itbographing: 

ICha~l~~ I Salem Harbor .......... -. - Tit\<::-_----~-.-.. -.-.-. ~·~.--:~~j -- -I-~~~~=-
248 I Bo;;ton Inner IIa:bor............. . ............. j r-10 ooo 
265 Bndgeport to Fairfield .......... - ...... _ .................... ·I I-IO ooo 
274 Harlem River............................. . .. 

1 

1-10 ooo 

I

' 490 I Ent:ance to Pensacola Bay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I-.)0 ooo 
519 Sabme Pass................ . . . . . . . . . . . . . . . . . . . . . . . I 1-20 ooo 

3081 I ~irthplace.of \Vashington . . . . . . . . . . . . . . . . . . . . . I-JO cxx> 
3067 San I·rancisco Bay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... ! 1-20 ooo 
5002 San Diego to Point St. George . . . . . . . . . . . . . . . . . . . . . . . . . . . , Mercator. 
5052 San Fraiicisco to Cape Flattery . . . . . . . . . . . . . . . . . . . .. · 1 '.\lercator. 
5581 San Francisco entrance....... . . . . . . , l-40 CXlO 
5971 Coquille Riyer entrance . . . . . . . . . . . . . . . . . . . I-IO ooo 
6444 Port Orchard . . . . . . . . . . . . . . . . . . . . . . ............... ; 1-20 ooo 
8o51 Portland Canal . . . . . . . . . . . . . . . . . . . . . .................. ' 1-100 ooo 
8124 Clarence Strait and Behm Canal ...... · · · · · · · · · · · · · · · · · · · · · · ! · · 

1
· .:_

2
·
0
· ·

000
-- ·"I 

8I70 Wrangell Strait. ........................................... . 
8283 Peril Strait, Alaska....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I-40 ooo I 
8302 Lynn Canal, entrance to Berners Bay. . . . . . . . . . . . . . . . . . . . . . . . 1-So ooo 1 

8303 Lynn Canal, Berners Bay to head of canal . . . . . . . . . . . . . . . . . . . . I-So ooo 
8901 SL Paul Harbor, St. Matthew and adjoining islarnls. . . Various. 

Duriug the year drawings have been completed for photolithograving or engraving as follows: 

Clwrt No. I Title. 
------ .. ------------------

~~r:~~l J!~b~~~: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : I 
Scale. 

1-40 ooo I 
1-20 ()()() 
I-IO 000 

337 
244 

9375 
8124 

St. Michaels Bay, Alaska. . . . . . ............................. ' 
Clarence Strait and Behm Canal .............................. I ............. . 

8303 
3081 

265 
272 
273 
248 
316a 
454a 
490 
519 

T 
5I26 
5971 
57o6 
6140 
6400 
7000 
8oo1 
8224 
8228 
8237 
8000 
8o75 
8o51 
85cx> 
8090 
9IOO 

213 
246 
254 
255 
26o 
269 
54oa 
3698 

6140 
70(X) 
8ooo 
8235 
8240 
8500 
9375 

Lynn Canal, Berners Bay to head of canal ..................... J 

Birth place of Washington ................................... .. 
East Bridgeport to Fairfield ................................... ! 
Long lslancl Sound, New Rochelle to Throgs :Neck ............ . 
East Rh-er, Throgs Neck to Randalls Island ................... 1 

Boston Harbor. . . . . . . . . . . . . . . . . . . . . . . . . . ................... . 
Kennebec River, Abagadassett Point to Court-House Point. .. . 
St. Johns Hiver, entrance to Jacksonville .................... . 
Entrance to Pensacola Bay .............................. . 
Sabine Pass ................................................ . 
General coast of Alaska ..................................... . 
Harbor charts, Santa Barbara Islands ........................ . 
Coquille River entrance .................................... . 
)loyo anchorage and approaches ............................ . 
Columbia Rh-er, entrance to lipper Astoria .................. . 
Grays I-farbor to Semiahmoo Bay ........................ . 
Cape Flattery to Dixon Entrance ....................... . 
Olympia, \Vash., to :\'lount St. Elias ......................... . 
(;am bier Bay, Frederick Sound ............. . 
\Vind fall Harbor ancl Mole Harbor .......................... . 

1 Symonds Bay, Sitka Souml.. . . . . . . . . . . . . . . . ............ . 
Dixon Entrance to Cape St. Elias ........................... . 
Redllagigedo Channel. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 
Portland Canal ......................................... . 
Icy Bay to Semicli Islands .................................. . 
St. Paul, Pribilof, ancl St. George isla1Hls .............. . 
Aleutian Islands, Yunaska Islai1d to Attu Island .............. . 
;s'antucket Shoals ........................................... . 
Boston Harbor. . . . . . . . . . . . . . . . . . . . . . . . . ..................... ' 
Connecticut Rh·er, Deep River to Higganum ................. . 
Connecticut River, Higganum to Rocky Hill ................. . 
Guilford to Blackstone Rocks ............................ · .... . 
Long Island Sound, Stamford Harbor to Little Captain Islancl.. 
Jamaica Bay ancl Rockaway Inlet ............................. , 
Hudson Ri,·er, Fifty-third street, :New York, to Fort \\'ashi11gto11. · 
Columbia River, entrance to Upper Astoria .................... , 
Cape Flattery to Dixon Entrance. . ........................ . 
Dixon Entrance to Cape St. Elias ............................ . 
Gastineau Channel and part of Stephens Passage .............. . 
Sitka Sound ................................................ . 
Icy Bay to Semidi Islands ................................... . 
St. Michael's Bay, Alaska .................................. . 
Paster for chart No. 43I, Charleston Harbor ................... . 

______ I _A~1chorage chart of port of-~ew-~~=: ~·~· ·-·~:_·_::~~-· ... ·I 

1-8o 000 
!-IO <XX> 
1-JO 000 

I-IO 000 
I-10 <XX> 
1-10 ()()() 
I-IO 000 
1-30 000 
1-30 000 
l--20 000 

1-3 600 ()()() 

··;.:.;~·~~··1 

I-IO ()()() I 
r -.10 ooo 

1-300 000 
I-I 200 000 I 
1-1 200 000 

1-40 000 
1-20 000 

I-7 200 
I - I 2CX) 000 

1-8o 000 
1-100 ()()() 

1-200 000 
1-00 000 

I-2()() 000 
I-So ooo 
I-20 000 
I-20 000 
1-20 000 
I-IO 000 
I-IO ()(,'Cl 

1-25 000 
I-IO 000 
l-40 000 

I-200 000 
I--200 000 
I-40 000 
1-80 ()()() 

I-200 ()(Xl 

I-IO ()()() 

1-30 ()()() 
I-200 000 
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Five drawings were ma<le for publication, illustrating the Annual Heport. 
'l'wenty-threc topographic and :m hydrographic projections were constructed for field. parties. 
'l'went.v-one original plane table sheets were iD:_ked and prepared for registration. 
'l'he requ,isition of the photolithograph work has been continued in this division for the fiscal 

year euding J nne 30, 18!.17. 
Bleven new charts, 23 new editions, aud 1:~ repriuts were furnished during the year, making· 

an aggregate of 1;3 200 sheets, together with G lJO copies of the Anchorage Ground, port of New 
York, aud 400 copies of paster for chart No. 431, Charleston Harbor, making 19 750 prints fumished 
by pbotolithography, 13 000 for the chart division and G 150 for the Treasury Department. 

SECTION NO. 2.-ENGHAVTN<l. 

Number of new charts eomplote<l ... _ .. --·· ·-·--·. ---· ____ ···--· ·----- -· ·----· ·----- .... {; 
Numh(lr ofn"w editions of charts completetl. _____ ............................ ·--- ...... :ci8 
!'lumber of ~ketehes and illustrations completed ....... _ ............ _ ... _ ...... __ . . . . . . . 7 
Nuu11Jer of uc'v printing plates rcissuetl. ____ .. ________ . _ .... _. _____ ............ _...... 2 
Xumher of section maps ofthe District of Columbia (four platc8 each) ...... ··---· ..... . 
~umber of now clrnrts commencecl. ... ··-·-· .................................... -----·. 7 
Number of now editions of charts commenced------·----· .................... --·-··.... 3fi 
Nurnbor of Rketchcs and illustrations commeneed .. _ ...... _ .................. _ ..... _.... 7 
Number of printing plates, reissue, commencetl ............ _ .......................... - . 4 
Number of chart I>lates corroctetl for printing ... _ ... __ ............. _ .......... __ ... _... 502 
Number of chart plates printed for chart division ................. _ ........... __ ..... - . lO!l 
Number of sketches and illustrations corrected for printing .... _ .... _ ................. - . 23 

Number of plates in progresR during the year, not completctl ... _ .................... - . - - 21 
Number of unfinished plates on hand at the close of tho y<,ar, Yiz: 

Ne,,,. cl1arts ______ ---- ------ ---- -----· ------ ------ ------ .... ...... .... .... ..... ....... :!5 
New edition ofcharts. _____ ........ ---· .......... ____ ··---- ...... ·----- __________ .. 3 
Sketches und illustrations-----··----· ........ --·· ............ ____ .... -----·....... 4E 

SECTION NO. 3.-ELEC'fROTYPING. 

Number of pounds of copper deposited ..... _ .......... _. _ ...... _ .......... __ ...... _. _.. 2 Ol:i 
Number of square inches of surface on which deposited ... ___ ...... ·----· .............. X2 56r> 
!\nm ber of plates made: bas!:!os 43, altos 33 .... _ .. ___ .......... _ ........... __ •. _. _ . . . . . . 7f> 

Of this nurnher 18 plates, 10 bassos mul 8 altos, were made for the Moxicun Bonntlury 
CommiHsion, and 10 scroll die plates for tho Bureau of Engraving and Printing. 

SECTION NO. ·1.-PHl)'l'OGHAPIIING. 

Number of negatiYCS made-----··--·-· .......... ------ ........ ------ ·----- ·--·-- ...... mo 
Number of hlne priuts madt' .... ···-· .......... ····-· ........... ···-·· ...... -----· .... 1 515 
Number ,,f sih·erprint~ matle ____ ............ ·----- ...... -----· ...... ·----· ----- .. ---- 2!)2 
Number of hrorni'1ti prints malle ..... ··--·· ···-·· -----· -----· .... .... .... .... ...... .... 1 
Number of 1&igrosinc prints made ........ ------------ .... ·----·-----· ............ ·----- 14 
Number of 11ilver prints mounted-·---- ........................ ····-· .......... ____ .... 14!1 
Number of Inn tern Hlidcs n1ntle .. _ ........ _ .. _______ ............... __ ...... __ ........ __ .. BG 

i-;ECTION NO. r,.-J'RJ:\'TIN<i. 

:\'umber of impres!!ious for chart 1livis1011 ------ .... --·--- ............................ .. 
Number of impresHions for Assistant iu Chargi1. ....... _ ............ _ .................. . 
Number of impressioni. of the District of Columbia snn·o~·. ···-·· .......... ·----· ------
Kumber of impression'! for engraving tlivision .... _, ---··· ·--·-· ................ ··-· ----
Number of impression~ for lithographer, trnnsfor proofo ........... _. _ ....... _. _ .. __ .. . 
Nnml>cr of impressions of )foxican Boundary plates .. ------------··---- ...... ·---·-·--· 

47 2;.x 
l 830 
2 ti34 

651 
182 
'.!57 

Total number of impres~iouH ........... ···--· ·----- ...... ------ ---·-· ···--· ·-·--- 58 012 

The force of copperplate engravers employed during the year has been as follows: William 
.A. Thompson, Henry NI. Knight, William l:I, Davis, E. H. 13ipe, William F. Peabody, Henry L. 
Thompson, William A. Van Doren, Alfred H. Sefton, Peter .II. Geddes, Harry R JfcCahe, William 
l\lackenzie, Georg·e Hergesheimer, Frank G. Wurdema1111, Hugo E. Frauke, William H. Holmes, 
and Howland IL Ford. All served thronghont the ~·ear excepting i\fessrs. Holmes aud Franke, 
who were appointed ::;cpfemlwr rn, 1896, aud ~ovcmber .i, 1896, respectively. 
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The old or expert engravers Lave been generally employed, as beretofore stated, on l>ranches 
of work which they have made specialties, except when their assistance was necessary in making 
corrections arising from resurveys and in preparing the work for publication. This fiscal year 
has been exceptional in the amount of correction of plates required, for most of the new editions 
of charts issued have been corrected from recent surveys of the Corps of Engineers, U. S. A., 
involving a great deal of change not only in the work itself but in the notes to give the necmisary 
credit. As stated in the report for the fiscal year 1896, it has been of great advantage to the 
engraving division to form part of the drawing division, for where a reduction of new work has 
been necessary to advance a plate for publication the reduction h:Ls been made with the least 
possible delay, and as a consequence we have saved a great deal of time and have been able to 
give the latest information on the charts. Experience shows conclusively that the consolidation 
of the two divisions was just what was needed for the good of the service, and has resulted in 
au improvement in the condition of the charts. 

Under the engraving contract awarded to R. 11'. Bartle & Co., June 28, 1895, the following 
plates \Vere completed during the fiscal year: " 

i Chnrt Xo. 

1· 
I 

213 
5525 
6185 
6303 
8240 

Tille. I .. 
j :Nantucket Shoals ............................................ , 

:\fare Island Strait. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ............ i 
Willapa Bay ................................................ · 1 

Port Angeles ........................................ · ....... . 
Sitka Sound, Alaska ........................................ .. 

Sen le. 

1-So 000 
!-IO 000 i 
1-40 000 
I-IO 000 
1-8o 000 

On June 28, 189i, a new contract for engraving was awarded to R. F. Bartle & Oo., as follows, 
the work to be completed within eighteen months from the date of delivery of plates and drawings: 

I - - . ' 
; Chart No. 1 

i-------
1 281 

281 
473 
490 
542 

1'itle. 
·--· ·-··- --·- ·- . -----·------, 

Scale. I 
.. ------ ----1 

Hudson River, New York to Hil\'erstraw ........... . 
Hudson River, Haverstraw to Hamburg ................ . 

I 
' 

San Carlos Ilay and Caloosa River ..................... . 
Entrance to Pensacola Bay ................................... . 

1-40 000 
1-40 000 
1-40 000 
1-30 000 
1-20 000 

5261 
Jamaica Bay and Rockaway Inlet ............................ . 

j Santa Barbara and approaches ................................ . ---------------- _:_~2~-~ _ / • t - - - ----------

The requisitious for printing from the chart division ham not been as large as during the 
previous year, and there has not been any serious delay in supplying the demands for charts. The 
prompt supply is mainly due to the management of Mr. D. N. Hoover, the foreman in charge of 
the printing. 

'l'he personnel of the printing rooms has remained unchanged, with the exception of the death 
of George B. Crawford, printer; the transfer of Paul \V. Dexter, printer's helper, to the chart 
division, and the promotion of Frank C. Gohre, printer's helper, to be printer~ June 12, 1897. 'l'he 
preseut. force is as follows: Plate printers, D. N. Iloove1· (foreman), Charles ,J. Harlow, Eberhard 
Fordan, J"ames L. Smith, and Frnnk U. Gohre; helpers, Charles F. Locruft, Louis J,. Willianu;, 
William M. Conn, and Uharles \V. Buckingham. 

The electrotype and photograph rooms, under the management of J\lr. Louis P. Keyser, have 
been properly carried on and have been very successful in the development of all kinds of work 
that require intelligent and businesslike c.apacity. During the year electric lights were introduced 
in the photograph rooms, enabling us to print. and make negatives in cloudy we:i.ther without 
depending on sunlight, and consequently a great deal of loss of time has been avoided. l\lr. 
'fhomas Roy se1·ve<l as assistant electrotyper and photographer throughout tlie year. 

The general work of the division has been performed by Mr. John H. Smoot in his usual 
acceptable manner. 

The correspondence and detail work connected with photolithographing" was performed by Mr. 
Artlmr Il. Bailey in a satisfactory manner until August 9, 1896, wllen he was transferred to the 
office of the Superintendent. On September 2, 189G, Mr .• Joseph .M. Morgan was duly transferred 
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under civil-service rules and performed satisfactory service until transferred to the United States 
Treasury Department on December 28, I89G. Mr. James M. Griffin was duly certified by the Civil 
Service Commission 011 January 28, 18!)7, and has since that date satisfactorily performed the 
clerical duties of the division. 

'rhe chief of the division, l\fr. Will Ward Duffield, having been ordered to Alaska on official 
business, I was detailed by the Superintendent, on April 2, 1897, to take charge of the division as 
acting chief: 

By direction of the Superintendent, Mr. Ed win H. Fowler was assigned as chief draftsman of 
the drawing section of this office on June 24, 18!l7, and placed in charge of the draftsmen and the 
details of that section. .i\Ir. Fowler has not been in charge long enough to show any material 
improvement in the results of the drawing section up to ,June 30, 18!l7, but I am satisfied tl1at with 
his experience and capacity to do work he will introduce methods which will bring about greater 
uniformity in the style of drawing and greatly advance the progress of the operations or the section 
under his c!Jarge. 

"\Vi th the approval of the Assistant in Charge, I assigned Mr. 'Villi am A. Thompson, engraver, 
on .June 22, 1897, to have the general supervision of the work of t!Je engravers. I find that during 
t!Je short time he has been acting in this capacity satisfactory results are being obtained and a 
greater uniformity in the style of engraving has already shown itself. 

The printing section has been ably conducted under t!Je supervision of Mr. D. N. Hoover, 
printer's foreman, and a. satisfactory amount of work bas been turned out from the printing rooms 
during the time I have been i11 charge of the drawing and engraving division. 

I respectfully call attention to the advisability of attaching electric power to one of our print­
ing presses. I have for some time been investigating this matter and have ascertained that a 
suitable motor can be obtained. 

1.'be electrotyping and photographing section bas been conducted by Mr. J,. P. Keyser in an 
efficient and satisfactory manner. Consi1lering the limited facilities he has bad for blueprinting, 
he has turned out a large number of priuts. It would he advisable to enlarge the rooms in this 
section so that the assistant electrotyper could assist him in getting out work. At present they 
are too small to admit of two persons working together. T!Je electric plant for photographing and 
blueprinting 011 dark, cloudy days has so far given satisfactory results. 

In conclusion, I desire to express my appreciation of the cordial and faithful performance of 
work by all the members of t!Je division nuder my direction. I wis!J to call special attention to 
the ellicient auct faithful services rendered by Ur .• John H. Smoot., chief clerk of the division, and 
Mr. James l\J. Griffin, clerk. The latter receives a very small salary, and I recommend that an 
increase be given him at the earliest opportunity. 

Hespectfully submitted. 

Mr. 0. H. TITT:\I.ANN, 

S'.I'EHMAN FORNEY, 

Assistant cind Act·ing Ohief Drawing and Engraving Division. 

Assi8ta.nt in Oltarue of Office. 

HEPOB.T OF THB UHAHT DIVISION, UOAS'l' A.ND GEODETIC SUH.VEY OFFICE, 
FOU, THE FISCAL YEAH ENDING JUNE 30, 1897. 

CH.A.RT DIVISION' June 30, 1897. 
SIR: I havo the honor to submit the following report of the chart division for the fiscal year 

ending June 30, 1897: 
1.'he division has been under my charge <luring the year and the following-named persons have 

been attached to it, whose general duties and term of service have been as noted: 
Miss h A . .l\lapes, bookkeeping, correspondence, entire year. 
:i\fr. ll. R. Gal'laud, issuing an<l correcting chartR, entire year. 
Mr. A. G. Ra1idall, correcting charts, entire year. 
Mr. Neil Bryant, receiving and issuing charts, entire year. 
Miss .l\I. L. Handlan. colorinrr P-lrnrt.!'I. P.nt.irA vM.r 
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Mrs. F. I. J[atthews, coloring charts, one and one-half months. 
Mr. Arel.tie Upperman, monutiug sheets and joining charts, entire year. 
Mr. ,J. W •. !\liner, messenger, one month. 
1'.lr. E. 0. McNeill, messenger, five months. 

file messenger service for six months was pcrfol'med by detail from the office. There have 
been detailed from the oilice temporarily as follows: 

:l\'lr. James M. Griffin, three days. 
Mr. Paul W. Dexter, two and one-half months. 

Misses Mapes and Handlan and Messrs. Garland, Handall, Bryant, Upperman, and l\foNeill 
are still on duty. There is a. vacaucy in tile position of chart colorist, and an rtpplication to fill it 
has been made to the Civil Service Commission. 

I wonld call attention to the fact tliat the force has been considerably smaller in the past 
two years titan previously since the formation of the division, and that the work has been q nite as 
well performed, which I consider due partly to impl'oved methods and partly to greater efficiency 
in the force as a body. 

The following table represents in brief the more important features of the relation of the chart 
issue for this year to that of the eight years next preceding, or, practically, since the division 
was established: 

Comparison of issues <?f chnrts d1iring tltc fiscal yca,rs noted bclo1r. 
-- -····--------·-----------·-·---· 

' Total. Free distribution Gross sales. Net sales. 

Year. -c -.----r ·--·-- ·--··---1-------------- -- -··-------·-· --------
op1cs. Vntucs. Copies. \pnlncs. 

I 

Copies. 
1 

Values. I 

1889 .... 1 --:9--~~ - $2<~-~9~-1----~1 o88. $8~-~6 1 ----28 224 l-~~~~~J 
1890 .... ' 63 152 26 178 30 Il2 12 I21 33 040 I4 057 . 
1891 .... : 52 959 23 1157 20 8II l 8 846 32 148 14 6Il 
1892 ... ·i 52 675 23 04I 23 45I ' 9 831 29 224 13 209 
1893 .... ' 55 026 24 215 27 3!0 I I I 8o5 27 716 I2 409 

Copies. i Values. 
i 

26 540 I $ [ [ 28o 
31 8o6 13 575 
28 473 13 141 
27 214 : 12 506 
25 366 . I I 6o5 
21 230 i 9 595 
23 I36 I IO 405 895 .... : 51 456. 22 28o 24 892 IO 507 26 5641· II 773 

896 .... ! 64 541 26 440 36 516 i 14 037 28 025 I2 403 U
894 .... i 5I 67I I 22 476 27 702 : II 845 23 969 ! IO 631 

897.... 57 188 23 987 31 977 12 820 25 2II I I 166 
25 278 I I I 249 I 
21 673 I 9 731 j 

'fhe total issne is 11 per cent smaller than that of last year, but 2 per cent larger than the 
average of the previous eight years. 'l'he free distribution is 12 per cent smaller than last year, 
bnt 21 per cent larger than the average. The net sales (gross sales, less copies returned hy sale 
agents) have decreased in copies and value 14 per cent, as compared with the previous year, and 
17 per ce11 t in copies and value, as compared witli the average. 

'fhis result may be attributed, to some extent, to the fact that fewer new charts have been 
published than heretofore. 

The e(lition of the cha.rt catalogue for 18!)(3 was received in August and 2 000 copies l1ave since 
been distributed. 

The correspondence for the year has amounted to 2 449 letters written. 
There have been <lelivered in this division for is::me during thP. past year eight new charts and 

maps, all printed by lithography, viz: 

Date. j <;ntn!ogue I 
. ~o. • Title. 

' ----- ----- --·-· -----. --- -·· 

1896. I 
Sept. I I 
Sept. 11 

1897. 

5126 Harbor charts (5); Santa Barbara Islands, California. 
5700 1 :Noyo Anchorage and approaches, California. 

Mar. 18 8o75 

I 
Mar. 18 i 8o5I I 
:\fay 24 3o81 ' 

June 12 8303 ! 
I 

Revillagigc<lo Channel, Alaska. 
Portlanil Canal, Alaska. 
\Vashington's birthplace, Virginia. 
Harbor charts ( 6); Clarence Strait and Behm Canal, Alaska. 
Boston Inner Harbor, Massachusetts. 
Lynn Canal, from Point Sherman to head, Alaska. 

I ::~r :: ! ·::~ ! 

-------'-------------------------------·-----

I 
! 

I 
J 
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Twenty-four new copperplate editions of charts and 44- new lithographic editions, 08 in all, 
have been delivered to this division for issue. 

The receipts, issues, and general distributiou of chai·ts are given in the following tJ,ble: 
··-··------

' 
July r, 18'}6, to June 30, 18g7. 

---------
; Xumber. '. 

--1---·-- --1-------- ----
Value. 

·- -------------------···---------

ISSUES OF CHARTS. 
1 i 

Sales agents ..................................................... · 1 24 538 $10 926 ·20 
Sales by office and chart division. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 673 240 ·oo 
Congression'!-1 account. ............................................ 

1 
2 500 I 152 ·50 

H.ydrograpluc Office, Navy ........................................ 
1 

12 932 5 3iI ·10 
Light-House Board.. . . . . . . . . . . . . . . . . . . . . . . 1 890 726 ·95 

Executive Departments.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 816 r 509 ·70 
Coast and Geodetic Survey Office . . . . . . . . . . . . . . . . . . . . . . . . . I 4 676 1 975 ·40 

Foreign governments.............................................. 691 269 ·oo 
Li~raries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .......... 

1 
5 042 r 643 ·6o 

Miscellaneous: ............................................... : ... ·I 430 172 ·25 
1-----------

Total ........................................................ j 57 188 ; 23 986 'jO 
Condemned ...................................................... I 6 356 j 2 501 ·15 

'---------
'l'otal issued and condemned . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. J 63 544 I 26 487 ·85 I 

I 1===! 
CHARTS ON HAND AND RECF.l\'ED. 

' i i 
Onh:ind bycountJ.uly 1, 1896 ............ ._.:······················· [ 35 ¢7 i 13 614:05 1 

Received from drawmg and engranng d1ns10n. . . . ................. , 45 8oo I 19 923 45 
Received from lithographers ....................................... 

1

1 14 113 5 719 ·30 
Returned. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 532 1 430 ·30 

Total on hand and received .................................. ,1 ~~---40 687 .-;-;;-
Total issued and condemned ................................ ~~j~ 487 ·~ 

On hand by book July r, 1897 ................................ i 35 868 i 14 199 ·25 
Difference between book and count ...................... · · - - · · · · · ·I 33 :--~~~-

-· ---~~~iand by co~~~!~~ 1, 1897 _: ·_· ._ .. ·:_·-~~~~·-·:_· ~· - - . - - .... ·!~;5 j ·-~-'~--~~8~~5 __ 

In addition t-0 the direction of the routine summarized in the preceding pages, and assistance 
in its execution when required, I have attended the meetings of the advisory boa.rd on chart 
publications, of which the chief of this division is ex offi<Jio a member, and have otherwise been 
employed in various ways in connection with the lmsiness of that board. I have also prepared 
a study of the inlan<l waterways of the Atlantic Coast of the United States from New York to 
Key \Vest, and have compiled aud a1·ranged for publication a table of depths for channels and 
harbors of the coasts of the United States, Bulletin No. 36, which is now in press. 

Very respectfully, yours, 

l\Ir. 0. Il. 'l'IT'.l':.\1.A.NN, 

Assistant in Ohar!lc uf O.Uiec. 

G1ms110M BRADFORD, 

Assistnnt and Chief of the Chart Division. 

H.EPOHT OF 'l'I:IE l\IISCELLANEOUS DlVISIUN, COAST AND GEODETfC SURVEY 
OFFICE, FOR 'l'HE FISCAL YEAH ENDING .J U~E 30, 18fli. 

MISCELLANEOUS DIYISION: June .'JO, 1897. 

DEAR Srn: I have the honor to submit the following report of tlw miscellaneous division for 
the tiscal year ending June 30, 189i: 

'fhe duties required of the division include the correspondence with sales agents relating to 
the supply and sale of charts, coast pilots, and tide tables, and keeping the accounts connected 
thercwitlr; tire purchase, custody, and issue of stationery used in the office and by the field 
parties, and all miscellaneous supplies for the office, and the keeping of accounts of all expendi­
tures for those purposes; the printing and issue of the annual reports and all other publications 
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of the office, including all record books, blank forms, etc., used in the transaction of the work of 
the office and field parties; the care and general supervision of the office buildings an cl other 
duties of a miscellaneous character. 

The following statement partially shows the work done in the division during the year: 
Letters written.................................................. . . . . . . . . . . . . . . . . . . . . . . 3 660 
Quarterly statements of sales agents examined an<l verified ........................... . 
Circn Jurs to sales agents issue<l ....................................................... . 
Charts sent to sales agents ............................................................ . 
Orders for purchases issued ..............•.••.......................................... 
Requisitions made for printing and binding ........................................... . 
Requisitions for miscellaneous supplies aml repairs lillcd .............................. . 
Annual reports distributed (see tabulated statement) ....... , ......................... . 
Appendices to annual reports issued .................................................. . 
Tide Tables issued............................................ . . . . . . . . . . . . . . . . . ...... . 
United States Coast Pilot, Atlantic Coast, issne<l. ..................................... . 
Pacific Coast Pilot, Alnskn, Part I, issued ............................................. . 
Pacific Coast Pilot, "California, Oregon, and 'Vashington," issne<l ..................... . 
Bulletins iBBued ................•................... ~ ................................. . 
Notices to Mariners issued ............................••............................... 
Treatise on Projections, Craig, iHsue11..... . .......................................... . 
Deep-Sea Soumling autl Dredging, 8igsbee, issuetl.... . . . . . . . ......................... . 
Tidal Researches, Ferrel, issued ................•....................................... 
General Instructions for Hydrogmphic Parties, issued ................................. . 
Tables for converting customary and metric weights nn<l measures ..................... . 

292 
62 

2-l 538 
!118 
82 

835 
:! 38(j 
1 413 
6 796 

200 
44 
·IO 

!lH 
96 
7 

.it. 
2 

:10 
70 

Thirteen agencies for the sale of publications were established during the year, viz, 10 on the 
Atlantic and Gulf coasts and 3 on the Pacific coast. Six agencies on the Atlantic coast and 1 
on the Pacific coast were discontinued. The total number of agencies on June 30, 1897, was 109. 

The following publications were sent to press: Annual Heport of the Superintendent for the 
fiscal year ending June 30, 1896; Supplement to Unitecl States Coast Pilot, Atlantic Coast, Parts 
I-IT, III, IV, V, VI, VII, VIII (two editions); 'fide 'rables for the year 1808; Pacific Coast 'l'ide 
Tables for the yeat· 1898; Bulletin No 86, an<l Notices to Mariners, Nos. 209 to 220, inclusive. 

The distribution of annual reports was as follows: 
---· -------· ... --------------·· --·--.-----

! Domestic distribution. Foreign distribution. 1 

l mtc of report. !--····· ·-·- .. . . .. ·-----··-----',-· -- i Total. 

I 
To inclivirl- 1 To h1stitu- ·To inclivirl- I To institu- I 

unls. t1on. unls. t1ons. 
1 

ill[--:-:·-- ••••••••• < --L -:--i i········J········ l·····--·l 
1855 ........................................ i 3 3 
1856.......................... 2 ...... ::::1 2 

1857................................ . . . . . . . 2 

~~~:: : : : : : : : : : : : : : : : : : : : : : : : ! .. . . .. ~ 
1861................................ . . . . . . . .; 
1862....................... . .... ,. . . . 2 

. . . . . . . . . . i 

1863 . . . . . . . . ..... i. . . . . . . 3 
1865................................ 2 3 ......... . 
1866................................ . . . . . . . . . 3 

. . . . . i 

1867. · · • · · · · · · · · · · .. · .. · .. · ·····I 3 ·• · · · .. · · · · .. · · 
1868......................................... 3 ................ . 

:~~~:::::::.:::::::::::::::: ..... :: t:::::::: ~ ,.. . . . . . . . .. . ! 
1873........... ... ................ 2 3 :::::::::::::::::::::" 
1874............................. 7 3 .............. 'i 
1875................... 3 ...... ·,· ........ . 
1876..... . . .. 5 5 '· ........ . 
1sn................ .. . . . .. . . s 3 ............. ·.·_·I 
1878..... . . . . . . . . . . . . . . . . 5 4 
1879 .......................... ,.. I I 5 
188o..................... 29 5 
1881..... .. .... .... ........ .. . 15 6 
1882............................. 22 6 ............. . 
1883................................ 18 6 
1884................. . . . . . . . . . . . . . . 31 9 .................. .. 

2 

3 
4 
3 
2 

5 
3 
4 
_) I 

2 

2 

5 
10 

4 
10 

8 
9 

16 
34 
21 
28 
24 
.JO 
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The distribution of mmual rcports-Co11ti11ucd. 

Domestic distribution. , Foreign distribution. I 

Date of report. -:;:: ~ndi:id- I T~-i::;.:-1 To indh::I~ To i:sti:::~ I Total. 

u~-!~--i· _ .. ~ ___ tio=--i-----! 

1885 ................................ , 14 .1 6 ......... ·I·......... 20 I 
1886................................ 5 3 1 ·......... . . . . . . . . 8 . 
1887................................ II i 5 · .. ··.·.··.·.·.·.·.1·.·.·.· .. : .... · .. ·.· 16 
1888..... .. . .. .. . .. .. . . . . .. . ... . . . ... 19 I 6 25 
1889 ............................... ·1 16 6 . . . . . . . . . . . . 22 
1890................................ 24 7 , ........... · . . . . . . . 31 

1891,Part1 .................. ~...... 91 4 :.· .. · .. :.:·:· .. ·::.: 2 15 1891, Part 2 ........................ ;I 35 8 2 45 
1892, Part 1.............. . . . . . . . . . . .. 9 4 14 
1892, Part 2 ........................ ·1 43 ' 10 I .. ··· ·

2
· · 54 

1893, Part 1. . . . . . . . . . . . . . . . . . . . . . . . 12 I 5 20 
r893,Part2........................ 6r II ) 3 78 

:~~t ~~~ ~:::::::::::::: : : : : : : : : : : : I~~ 'i 26 I ~ ~ I~~ 
1895 .. ,~.~t:l;::·:.::::::::::::::::::::-; '.'.'. 1~'.: 1--;: 1-;:: 1-; ::: 

The following publications were received from the Public Printer, viz: 

----- - - Nani<• of~ilication. · 1~~~.:~:.-i---- -- ---- ---- Name of puhlication~------· .. ·---- :0~;;~ 

~c~::~-~~f--tl: Su~=-~-nt~~1dcnt of the ~:1~~ed -~tates ]--·-- ·-

1

1 Tid:-Tahl~=--o-f- :i:c Pacific Coast uf ~J~c United ~ta;;,- -- -- -

Coast and Geodetic Survey for the fiscal year ending I I for the year 18<)8 . . . . . . . . . . . . . . . . . . . . · · · · · · · · · 1
1 3 ooo 

June 30, 1894, Part 2.............................. . . . . . . 48o ' Cnitcd States Coast Pt lot, Atlnntic Const, Part VIII, 

H.cport of the Superintcndc:nt of the United States I Gulf of :\Ic.:xico, from K<"y \Vest to Rio Grande........ 6<>t 
Coast and Gcoclctic Survey for the fisc~.11 ycnr ending Supplement to lrnitc<l States Coast Pilot, Atlantic Coast, I 
June _10, 18<)5... •. .• •. .. .• •. . .•.•....•. I 2 ooo 1 Parts I, II, III, I\', V, VI, VII, Rules of the Roact nt Sea : 

Appendix No. I, Report for 18<)5.-Secutar Variation of f \ and in Harbors, Rivers, n.n<l Inland \Vaten; (except ' 

the Earth's :\Iagnetic Force in the Cnitccl States and : ' the Crc:at I .. akes ancl their co111H.'cting- nnd tributary I 
in so1nc Adjacent Foreign Countrie!-> .................. I 1 ooo I'':.! waters, as far east as :Montreal)... . ... ·. · · · ._.

1
. · · • 

A ppcndix No. 2, Report for 1&)5.-Ahstract of Resulting . Suppktnent to second e<litiou rnitc<l States Coast Pt ot, 

I ... atitudes of some Prominent Stations~in Alaska and ! Atlantic Coast, Part I\y, frotn Point Judith to New 

1
'1! 

Afljnccnt Parts as Astronmnically Dctcrn1im..:d during 

1S~J-l8'.J5 ............................................... . 

Appendix ~o. 3, Report for 18<)5.-Ahstract of Resulting ·1 

Longitudes of some Pr01ninent Stations in Alaska 
and A<ljnceut Parts as Astronotnically Determined I 

during 188<)-18<)5 ...... · ..... · · · .. · · · · · · · · · · · · · · · · · · · · · · · 
Appendix ;>;o. 5, Report for 1895. -Report on the 

Changes in the Depths on the Bar at the Entrance to , 
Xantucket Inner Harhor, Massachusetts, hetwccn 

the years !'8S8 and 1NJ3..... . .......... · .. · ·. · · · · · · 

Appendix No. 6, Report for 1f-i95.-Xotes on the Specific 
C..ra\'ity of the \\'nters of the Culf uf Mexico and the 

<~ulf ~trea111 . . . . . . . . ........... . 

A ppcnclix ::-io. 7, Report for 1&J5.-A (;raphic ~Tethod 

of Rcc~nci~1g Htnrs fron1 !\.Ienn to Apparent Places .... 
1 

Appendix No. 8, Report for 1895.-Description of Le\•<:!-: 
ing Rods, DcsiJ.:nt>d and Constructccl hy the Coast 
and <~eocl<:tic Survey for use in Geodetic Leveling 
()JJCf:lttOllS. . .... , ...................... , ......... . 

Appendix No. Io, Rc1x>rt fo!" 18<;5.-Tahlcs of Azin1uth 
and Apparent Altitude of Polaris at Different Hour 

A;~l:~~:~~~ ~;;:; ;,- ;~~;;,;;t· ;,;~ ·l~~:~;;;i-~i·,;~; :;.~;;~~~~·I;;,;~· I 
and Hycln>graphic Sheets, Registered in the Arclth·cs \ 
of the ruitccl States Coast and Ccodl·tic Survey ...... . 

Ticle Ta hies for tlw year 1.S<)7 .......................... ·\ 
Tide Tahlcs of the Pacific Const of the rnitcd States 

for the year i8<)7 . .. ....................... . 

250 

20(; 

500 

200 

200 

300 

4 000 

Ticlc Tahks for the year 1898 ............................ i 2 5cx) 

I 

York ...... . 

!'inpplement to first edition t:11ited Stutes Coast Pilot, I 
Atlantic Coast, Part v, fro111 New York to Chesapeake I 

s1::~;~t~t::~t~t1
1

:
1

t: ~;:1~~~:1· ~~~1~~~· ~~·~~~ ~~i;~~: ~~~a ~1~~~·~~~·s·t~ · 1· 

first edition, Part YI, Chesapeake Bay and Tributaries. 

Catalogue of Cha~ts an~.othcr llubl.i~at~ons, 18¢ ....... ·/ 
NOTICI·.!-i TO :M'AH.INI:..RS. 

~o. 208, June, 18<;6-Chart corrections during the tnonth.! 

:--=o. 20<), July, r&/,-Chart corrections during the ntouth. ·I 
No 210, August, 18<)6-Chart corrections <luring the i 

111011th . • . • •• • •• . • • • • . • • . •. •. • •.• 

::-.:o. ~1 t, Sq>tt·tnher, 1896-Chart corn:ctions during the : 
tnonth .... 

No. 212, October, I,~6-Chart corrections during the , 

111011t11 .................................................. I 
Xu. 21:;, Xovetnbc.-r, 1N)6-Chart corrections during- the 

111011th ......................................... ······ 
No. 214, Decc111he1·, 1S<j6-Chart corrections during the 

111011tl1 ................ ······ ..................... . 

Index to notice to mariners, 18</t) ... · .. · · ·· · · · · 
No. 215, January, 1&J7-Clrnrt corrections during thc 

1nonth ............................................... . 

No. 216, February, 1897-Clrnrt corrections during the 
1no11th ................................................. . 

No. 21;. f\Iarch, 1&Ji-Chartcorrect1onsd11ringthemo11th 
No. ns, April, 1Rc)i-Chart corrections during the n1onth 

No. 219, !\fay. 1&)7-Clrnrt corrections during the 111011th. 

200 

:;oo 

5 500 

.5 500 

5 100 

4 400 

4 7.r;,o 

4 400 

4 ,30".) 

4 ,;oo 

4 400 

4 400 
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The followiug-unmed pen;ous were employe<l iu the divis10u <luring the year: 

F. R. Green, clerk. 
Marie IJ. Fout, writer. 
P. J. Mullen, eugineer. 
David Parker, watchman . 
• John W. Drum, watchman. 
,J. A. McDowell, watchman. 
J. A. Dorsey, watchman. 
Ed. D. Scott, messenger. 
Charles Over, messenger. 
Thomas McGoines, messenger. 
Charles H. Jones, messenger. 
William H,. McLane, messenger. 
John W. Miner, messenger. 
Owen E. McNeill, messenger, transferred to chart division February 6. 
Attrell Richardson, packer and folder. 
llorace Dyer, fireman. 
Baylor Crutchfield, laborer, March 26 to April 30, 1897 . 
• Jolin H. Brown, laborer. 
Boston Brown, laborer. 
Jolin TI.1\'Iason, laborer. 
Virginia McGlincey, laborer. 
J.B. Williams, Jaborer, November, 1890, to May 4, 1897. 
Alfred Gilbert, extra laborer. 
Walter Y. Clark, extra laborer. 

Respectfully, yours, W. P. RAMSEY, 

Cltfrf of the Ni.~cdlancous Division. 
Mr. 0. II. TI'l"l'MANN, 

As.~isiant in Chm·gc of Office. 

REPOH,T OF THE INS1'H.UMEN1' DIVISION, COAST AND GBODB'l'IO SUHVEY 
OFFICE, FOR 'l'HE FISCAL YEAii KNDING .JUKE 30, 1897. 

lNSTRU:MENT DIVISION, .Jww :-JO, 1897. 

Sm.: I liave the honor to submit the followiug report o!' the work of the i11strument division 
for the year c111di11g June 30, 1897: 

This division has the accounting for all prnperty belo11gi11g to this s~rvice, except oftice furni­
ture and supplies, wherever it may he, whether in the oflice, in storage and pasturage, or in field 
mm, such as all the vessels a11d their complete equipment, eamps and their equipment, pack animals, 
etc., including the storage ·and pasturage ·accounts of all the foregoing when not actually in use 
by field parties, i. e., between seasons. During the time thal any of the foregoing are in use they 
are transferred and charged to the chief::\ ol the part.h's onlered to take charge of the respective 
pieces of work. ln addition to the foregoing. the division is charged with the required repairs to 
and necessary reconstruction of the instruments used in the 1ield aud in the office; the repairs to 
the machinery, presses, photographic aml electric apparatus, furuitnre, and bui11Iings of the oflice; 
the planning and makiug of working drawings; the constrnct.ion of new apparatus and instru­
ments; the determirnttion of instrumental constants, so far as it is prncticable to do so at the ollice; 
the selection of 11ew rnst.rn111e11ts t-0 be pnrclrn.sed; the making or specific::1tions for new instruments 
to be made by contract; the selection, adaptation, and se11ding out of all instruments used in the 
field and tl1e various divisions of the oflice; and the selection of all material and tools required 
for carrying 011 the different varieties of work. 
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The following-named persons were employed in the division duriug the year: 

William C. Maupin, clerk, one year. 
B. G. Fischer, chief instrument maker, one year. 
Otto Storm, mechaniciau, one year. 
Clement Jacomini, instrument maker, one year. 
W. H. Whitman, instrument maker, one year. 
M. Lauxmann, instrument maker, one year. 
S. A.. Kearney, instrument maker, July 1, 1.896, to March 31, 1897. 
C. E. Regenuas, instrument maker, July 1, 18!W, to April 2G, 1897. 
Joseph A. Clark, instrument maker, April 13 to .lune :30, 18tl7. 
Thomas A. Gibson, instrumeu t maker, May 17 to June 30, 1897. 
H. O. French, carpenter, one year. 
G. W. Olarvoe, carpenter, one year. 
0. :N. Darnall, carpenter, one year. 
J. W. Hunter, messenger, one year. 

From September 28 to October 7 I was absent on field duty, repairing, adjusting, and repaint­
ing the tidal indicator at Reedy lslaud Quarantine Pier, Delaware Hiver, during which time Mr. 
B. G. Fischer, chief instrument maker, acted as chief of the division. 

The major part of the work in the instrument and carpenter shops is in the nature of repairs 
and reconstruction, most of the new work being of special design for the specific and peeuliar 
work of this service. 

'fhe following tables, Nos. I and II, give statistics of repairs and new work, respectively, :tll(l 
'l'able :No. III a list of instruments purchased: 

TABLE I.-Sum11wry of instrmnents, apparatus, and machinery repaired and remodeled beticccn 
July 1, 1896, and J1tnc 30, 1897. 

Instnnneut. 

Alidades, plane table .... 

Azin1uth circle, n1ari11c. 
Baron1eterS, aneroid ............ . 

Baron1eters, 111ercurial ........ . 
llacking bench, chart 1nounting ..... 

llase ha rs ............ . 
Base-har trestles ................. . 
Base-bar sectors .................. . 
Beam con1passl"s ..•..................••••.... 

Binoculars .............. . 
Bow pens ......................... . 
Cninera, photographic ...... . 

Chronometers ............. . 
Chronographs ............. . 
Comparators ("Bessel") ................ . 
Con1parator, so-metre, standard .. 

Co111pass declinon1eters .................. . 

. . . . • • . I 
! 

.. ..... ·I 
. . . . . i 

·' 

Cont passes (tiquiclL n1ariner'~.. . ....................... . 
Cotti pton1eter .................................... . 
Comptograph .......... . 

Dcrn.;i n1eters, optical .. . 
l.li p circles .. . 

Dividers .... . 
Dynamo ..... . 

Gas engines. 
(;radienters .. . 

He! iotropes ....... . 

l,an1ps, photog:r.::1phic, copying:. arc 

J,e\'l' ls, geodesic .......... . 

Levels(" Locke"), hand . . . . . . I 
l,evels, "Y" .......... . 

I 

I.eve Ii ng rods.. .. .. ....... .. ..... I 

Num­
h~r. 

6 

6 

9 

9 

JI 

, I· 
I' 

·---, Nmn-
b~r. 

-------1 ·- -
........... 6 

Instrument. 

.:\lug-netometers . . . . .......... . 
~feridinn instrdments............... . ..... · ... · · · · · 

l'aralld rulers ................................ ·· .... · · · · · · .; 
Photograph dark roon1s, rcpain.·<l nnd n·modelcd · · · · · ·. "'. 

. . . . . I 
"'i 

Plane ta bl cs ....................... . 
Plate-printing proct.:"ss ...... . 

. . . . . . . . I 
.w 

Proportional dividers ....... · ...... . 
Protractors, three-arm .... . 

I Psychro1netcrs .................... . 
.1 Ruling ntnchines, copper ph1tc ... 

I . . . . . . . i 
Senk, 111etric ...... ! •••••••••• 
Section liner ............ . 

. . . . . I Sectors ................ . 
Sextants ................. . 

Sextant n1hrors, rcsih-crcd ... . 
Signal latnps..... . .............. . 
Spdng balances.. . ............ . 

Stamps, tirinting ....................... .. 

Stencil punches..... . . . . . . . . . . . . ....... . 

Straightedges, steel .. r, 

Switch hoards. telegraph longitude .. . 
raJ>C, :iteel .......................... . 
Telen1etcrs... . . . . . . . . . .............. · 
Telescope, reconnoitering .......... . 
Theodolites . .. .. .. .. . . .............. · · 
Tide gauges, self-registering .............. ·. 
'fide-predicting n1achinc ............. . • • , • • , . • • • . • • . • I 

'frnnsits, astronomical ................................... . 
I 

:: Transits, engineer's . . . . . . . . . ........................... . I 3 
Vertical circles .......... . 

6 
Wntches ........................ . 21 ............ I 
Watches, stop........... .. .. .. .. ......... .. 

Zenith telescopes .................... , ..................... 1 



REl'OR'l' FOR 1897-PART I. REPOIC£ OF ASSISTANT IN CHARGE OF OFFICE. 

T.A.llLE I.-Sunirnary of instrument.~, appamtu.~, and 11w.chinery repaired and remodeled bci1cccn 
.July 1, 189fJ, and June 30, 18.97-Continue<l. 

I11stn1mcnt. 

REJ'AIR \\'OUK FOR C:SITEI> STATES OFFICE OF STAND­

ARD \\'EH~lITS AND :l.tEASVH.ES 

A'\·oirdupois '"·eights for State of ~fassachusetts, 1 sc-t ..... j 
Avoirdupois weights for State of ~fassachusctts, ~ ~ets. 

Balance, sn1all size, for Stntc of ::\1nssachus~tts ........... ·! 
Hnlance, large .......................... .. 
Halnnce, spring ........................................... 

1 Capacity 1neasures, liquid, for Stnte of !\lussach11sl'tts, 2 . 

c:1:::~~; ·1~:~a~~1~~~-;·, ·;i~·1:i«~." ;~~-~~i~~~ ~~ ~-l~·~~~l~~;~~;;s·, ·1·~~~ ." j 
Capacity measures, liquid, for State of South Carolina, 21 

hCts ................ , ......... · · · · · · · · · · · · · · · · · · · · · •· · · · · · · ·· 
Capacity lneasurcs, dry, for Htntc of Mnssnchusctts, I set. .

1

· 

Capacity tnensures, df')·, for State of MRs?·mchusclts, 2 sets. 

Cocflicient of expansion apparatus .. ··.. .. · ..... ·I 
Comparator for State of .:\lassnchust·tts .................... . 

Comparntors Nos. 3 and 4 ............ · · · ................ . 
Comparator, 5crn1ctrc, standard .......... . 

Comparator ("Saxton") .................................. . 
Dccalitres Nos. 42, 43, nud 44 ..... · .. · · 

Dccalitre for State of Massachusetts. 
llalf bushels .................. · .... · · 

T .. itrcs .......................... · · · · · · · · · · · · · · · · · · · · · · · · · · 
I*itrc for State of :Massachusetts .... . 
Mecurial distiJliug npparatus ........... . 

:\let re, end, for Stole of ::\lnssachusetts .. . 

[I 
i: 
I' 
J! 

I ~~.1,n-Instrutnent. 

----·-·-----··-. , 
H.El'AIR ".ORK FOR UNITED STATES OFFICE OF STA;'loi'J>- l 

~!ctn:,~~::.';~:~:::,:: ~:::a:::::,~::';:~Co.nti.1:u.cd ·. ·. ·.·.·.Ii 
!\tctn:s, standard, steel, Nos. 19, 43, 45, 46, 47, 49· ...... . 

:\Ictric weights for State of Massachusetts, 1 set.. . ..... · 1 

Opticul 1Jea111 co111µass ...................................... 
1 

Steel stn11dnnl 1 2-foot bars ......... . 

Steel 70-inC'lt slnndardsof Ordnance Department, t•. S. A .. 

S\\·itcl1 l>0ar<ls ........................................... . 

Thennomctcr comparator ................ . 

Troy weights for State of Massachusetts, 1 set. ..... . 

Troy weig-hts for State of Massachusetts, 1 set. ... !<) .. i 
Troy weights for State of l\fnssachusetts, 2 sets ............ 

1 

Yards, stnnclnrcl, for State of l\fassaehuselts ............ . 

Yard, stundard, for Stnte of Nehraska ........ . 

REPAIR \\'ORK FOR t:SITEJ) STATES MAH.INE-HOSPJT.\I. 

SERVICE. 

Antpcremetrc .... 
' Fonnaldehyd boiler, ultcrations nnd additions ........... 1 

:i.. I11cluctio11 coil, lurg-e size, alterntion ................ . 

:\·ticrosco1>es, com pound ..... . I 

Thermogr:-iph, remodeled .. 

Total number of instruments, apparatus, and ma-

chin<:s r("pnirl"'<l and remodt'led .............. . 

' --------------. 

'f ABLE II.-Smmnar.11 of ne1c instruments, nppal'atus, an cl machine.~ constructed bct111ccn J1ily 1, 189r;, 
and June 30, 18.'J7. 

Instrument. 

-----·---·-----·---- ----

Base tnpes ......... . 
Beam cotupass bea1ns .. 

Fi le cases, for records .... 

F'!oat-tube, of coppet', for tidal station ..... . 

Hooks, for instnnnent cases .................. . 

Lamps, photogrnpltic copying, installing of. ... . 
.);egativcs (8 hy 10) of instnunents nnd apparatus .... 

~t:gative lioxes, for archives 
Plate hoards, cngravt'r's ............... . 

Press hoards, plate printing, hard wood 

Punches, card, stencil. .................. . 

R.ncks. iro11 1 for chnrt cases, archives .. . 

Stationery chests, field ................. . 

Stand, for 7.ettith tele~cope .............. . 

Tape stretchers, for base 111easun:. 
. . . . . . I 
...... 

6584--7 

I 
~tlll'­
ber. Instrument. 

···----· ---···-··- T---- -

i ~:~.~~~-
·- ··-·-·--------

_________ I _____ _ 

II 

12 

12 

IO 

12 

Tclen1t•tcrs .......... . 
Tclc111eter targets .......................... . 

Tidal copying scule ........... . 

Tidal readi11g sea ks, engrn\-ed on glass ...... . 
... \ 

. . . . • . • ! 
Tide staffs ............... . 

Trays, photodevcloping, large ... . 

Tripod, magnetometer ........... . 
············ 1 

. 
\\'eights for draft111an's copying stands. 

l'NlTEJ> STATES ::\IAH.INE-IIOSl'ITAI. SERVICE. 

Adapter for stercopticon .............. . 

Air-testing upparatus, for use in cars .... . 

High frequency coil. "'ft>~sla. •· form. 

Total 111unhcr of iustnuncnts and npparatus con-

st1·11ctc<l ........................... . 

(, 

') 
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TABLE III.-Instru111ents, flpparatus, and 11WClt'illCI"!/ zntrcltased between July 1, 189r;, and June 30, 
1897'. 

Instnnnent. 

Bnlances. spring ....................... .. 

~:~1::~11~~::~: .~~1·e·~~i-~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~. ~ ~: : : : : : : .... : : : : .. : : : .. ~ : : : : : : : j 
Hrnzing stnnd and blowpipe connections . 
Buttons, electric .................... . 
l:nlcnlnting 111achinc (" Urunsvcf{a ") 
Chronometer cases, leather, carrying. 
Clocks. hydrographic ................. . 
Clockworks, for tide gauges ............... . 

Con1ptogrnph .............................................. . 
Co111passcs, pocket ............................ . 
Curves, irregular .......... . 

Cun.·es, log-arithmic .. 
Dividers, spacing ................... . ............ 

I Drawing instn1111ents, cnSl'!i of . 

Hye-pieces, tnicroscopic ................ . 
. . . . . . . . . . . . . . . . . i 

" .. : : : : : : : : : i Eye-pieces, level. ...................... .. 
f 

, I 

:;:~::~'.l~::~,;;,pt~::·g=~~~('.~ .!(~'.l~CS::: ::·· :::: :::: ::.:, ·.·.·.·. ·.·.:: .:· :: :::. ·.·. :: :: :: .... II 
1:ra.111es, printing, photographic ..... . 

< ~alvano1neter1 testing ............... . 

Crndnates, glass ... ···· .. ···· .. ···· .. ·· .. ·· .......... ·· .. ·· ·I 
Gas forge ............ · · · ·· · · .. . . . . ........ ; 
I.an1ps, instnnncnt ........................................ . 
Lamps, photo-copying ..................................... . 
Lenses, plano-convcx, sntall. .............................. . 
Lenses, 11 Coddi ngton" ................................. , .. . 
l,e\'cls, "Y"" ....................... · ......................... 

1 
Leveling rods, n!etric. · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·j 
Logs, sllip's ........... · · · · · ... ·. · · · · · · · ..... ·I 
!\Iagnificrs, achromatic triplets . . . . . I 

~:::~:::~:: ~i~::i~~·l:;::tt.::: :: : : : : : .......... : : : : . : : :: : : : 
i 

Num­
her. 

s 
6 

IS 

6 

6o 

6 

6 

6 

12 

------ - --··- ---· -· -·-·· ·-
I 

Instrnm~nt. 
i :\°\ltll­
! her. 
I 

----1-
Maguifiers, wntchtnaker'';...... .. . . .. . . . ............. . 
objectives, anastigmatic, photogrRphic .............. : .... . 
Ol)jccti\·cs, n1icroscopic ..................................... : 

Ohjccth·e. telescopic ....................................... . 
C)do111cters .................................................. ! 

~~tit:~,:~,~rs.:: ":":":": ". ":":. : : ": : : : : : : : : : : : : . : : : : : : : : : : : . : : I 
11eus1 ruling ............................. · · · · · · · · ......... . 
l,cns, cun·c ................................ . 
Planer, 11 pony•·...... . . . . . . . . . . . . . . .. 
Phnnmets......... . ................ . 
Racks, negative...................... . ................. . 
Rheostats . .. .. .. .. .. .. .. .. . . .. .. . . .. .. . . .. .. .. .. . . . . .. . .. . 

~~:::~;·~~s:~:;.:~l~ .l.~~~::: ~::::::::::::::::::::.::::::::::::: ! 
~::~~11:t 1:,1:,~::·~;~~~~~: ::: : : :: :: :: :: :: :: :: :: :: :: :: :: :: :: :· :: :i 
Sextant horizon glasses .................... · · .............. . 
Shutter, photographic .................................... . 

s 
.J 

(, 

24 

3 

4 

100 

200 

s S1>li11es ................. ·: .................. ·· .. ·· ·· · ·· ·· .. . 
Spline \veigltts ............................................ . 
Speed indicator..... . . . . . . . . . ...................... . 

1 I f;traight-cdges, drafttnan's, steel ......................... . 

iz Theodolites. 7-inch ....................... · · · · .... · · · · · .. · ·. 
I: 'fhcr1non1eters ............................. · · · · · · · · · · · · · · ·.. 1~ 

19 I~ 'frays, ruhher,d~vcloping ................ ·············· ···
1 

q 

4 :r Triangles, draftsman's, assorted ........ ··················' I 86 
I. Triangles, ll'tteriug tctnplates ........... · · · · · · · · · · · · · · · · · · ·: 3 

4 

;i Type, fontof. .......................................... a,:J-"-·:._:_:_: 
2: lj -rc;:,:~11:::~:·~~1',c~~s::i'~'.~'."11e11ts, ~!~~'.''.~''.'.'.'> .... ·I 927 

24 :: ___ L 
------. ··- ··---------·-- -· -· 

'l'ile work of packing, shipping, receiving, and unpacki11g of instruments and general property 
st'mt to and received from the field, including· making and repairing of p:wking cases, does uot 
appear in the foregoing tables; the statistics of this work are as follows: 

Number of instrnrncnts cleaned, a1lj11at.ecl, packc.tl, and forwanlecl to the field - __ - - - - - - - - - - - - . 
Number of instruments received from tho field, manufacturers, ancl dealers----------·----- -­
Number of articleR of gene ml property packed and sent to tho field. - - - - - - - - - - - _ - - - - - - - - - - - - -
Number of articles of general property received from tho field - - - - - _ - - - - - - __ . ___ - - - - - - - - - - - -
!\umltcr of miscellaneous requisitions from the office neccas1tatin~ time and labor of skillocl 

workmen. _________ . _____ .. _ .. ________ . ______ . ____ . ___ . __________ . ___________ . ___ .. - - - - - . -

l 110 
1 315 

()41 
()()8 

306 

The repairs of the office buildings and furniture, i11cludi11g the construction of necessary file 
cases, have been lrnt up as usual, the former demanding 1.30 days and the latter 144 da~·s' labor of 
skilled workmen. 

Theodolite No. 21., G-inch, constructed for this service in 1848 by Gambey, of Paris, had during 
the forty-nine years of excelle11t service become so badly worn and damaged as to be of only 
secoudary value. The centers of the instrument, as is almost invariably the case with tlle 
Gambey instruments, being of tlle finest workmanship of the time and made of the best material 
for tlle purpose, a11d still i11 excellent condition, it was considered best to design a new alidadc and 
telescope for the instrument and thoroughly recom•truct it, making all the upper portions of 
aluminum, thus making- it light enough to carry much greater telescopic power than before, and 
thereby much increasiug its capacity. The circle lrns been regraduated and new verniers attached. 
It is uow practically a 1iew instrument, and tlle design and proportions am so satisfactory that the 
di·awings a111l patterns will he of use in the reconstruction of several otllcrs of the same model, 
size, and approximaLe age. 
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Plans and specifications were made for the installment of a GOO-ton hydraulic press in the 
plate- printi11g rooms of tlte office. 

The constructiou of a tide-predictiug machine, for computing the annual title tables, has lwen 
continued when more important work would permit. About 775 parts of the nwchanism have 
been made during the y~ar. This will lie a very comprehensive machine and will do the work of 
thirty or more computers. 

The more modern gauges m;ed by this service were purchased from manufacturers of such 
apparatus. As their behavior at the regular long series stations was more or less unsatisfactory, 
it became necessary to improve them, making the changes i11 the instrnment shop by modifying 
existing and constructing additional attachment,.., the more important being the tidal division's 
automatic independent hour marker. This necessitated (]Uite au additional expense, and besides, 
though they worked fairly well, on account of their original form the alterations and additions 
caused the gauges to appear very awkward in design. The stock on hand being exhausted, it 
became necessary to procure more, and to obviate tlie foregoing obstacles a new and comprehensive 
design has been made covering all tlte requirements to date, and detailed working drawings aud 
patterns have been made, and seven of this new form of instrument are in process of construction 
in the shops. 

A set of three-arc photo-copying lamps, with proper rheostats and safoty connections, we1·e 
installed in the photographic rooms of tho office. 

'l'he values in arc of fourteen astronomical aud geodetic levels were determined~ two of which 
were for the obsei·vatory of the University of California. 

'l'wo aneroid barometers were adjusted aud carefully compared several times throughout their 
scales for the expeditiou :-;e11t to Mount St. Elias. 

The United States standard weights and measures exhibited at the Nashville Exposition were 
packed and forwarded for that purpose. 

Efforts have been made in various directiom; to incorporate labor-saving machines and 
appliances, which the shops are still in need of, and which could be economically used if there was 
sutlicient room. 

I have to call your attention to the very poor and trying liglit iu the instrument shop during 
clon<ly weather, which is not only an annoyance but retards progress, as it is impossible for 
workmen executing fine work to make desirable accuracy and dispatch uncler such unfavorable 
conditions. 

A det::tiled account of each day's work of each employee is kept on file in the division. 
It is with pleasure that I have to state that, with a single exception, which has already been 

removed, there is a hearty and conscientious interest of the employees of the division in their 
respective duties. 

Hespectfnlly, yo~rs, 

l\ir. 0. II. 'L'IT'.l'MANN, 

Assistant -in Charge of 0,(fiee. 

J. ·F. PRATT, 

Aswistant nnd Chief of Instrument Division. 

REPORT OF THE LIBH.AH.Y AND ARCHIVES DIVISION, COAST AND GEODETIO 
SUH.VEY OFFICE, FOR THE FISCAL YEAH BNDED JUNE 30, 18!}7, 

LIBRARY AND ARCHIVES DIVISION, J1me 30, 1897. 

Sm: I have the honor to submit the following report of the library and archives division for 
the fiscal yea1· ending ,J u11e 30, 18!.17: 

Mr. H. S. King resigned iu the latter part of l\iay, 18!J7, and was granted leave of absence for 
the month of June. By direction of the Assistant i11 Charge, with approval of the Superintendent, 
Mr. Artemas Martin assumed charge of the di vision ou ,June 1, Hi97, as acting chief, and remained 
in charge during the month of June. On June 8, 18!)7, Mr. Artemas Martin was promoted to be 
chief of the division, the promotion to take effect ;July l, 1897. 
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LIBRARY. 

M:ore shelf room is nee<led for the library, and I repeat the recommendation made last year 
that the two rooms on the secoud floor, over those now occupied by the library, be titted up with 
shelving for the use of the library. If shelves l>e put np against the walls of these rooms, as in 
the "board room," they would not interfere with the use of the rooms for other purposes. 

During the fiscal year 123 volumes have l>een added to the library hy purchase and 352 
volumes were obtained by exchange, etc. 

Many new scientific l>ooks recently published that l>ear upon the work of the Survey either 
directly or indirectly slwuld be added to the library in order to keep it up to date, and I would 
respectfully recommend that at least $1 000 be allotted to the library for the purpose of purchas­
ing such books during the coming fiscal year. 

Our library is not keeping pace in growth with the lil>raries of other Government buream; 
which came into existence long after the Coast Survey was established, some of which contain 
several times as many volumes. 

Summary of books, map.~, scria.ls, etc., added to the libra.r!J durin!f the Jiseal year ended June so, 1897. 

Hooks purchased (volumes)............................................................. 123 
Serials and pamphlets purchased (volumes) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . . . . . . . 352 
Serials and immphlets obtained by exchange, etc ........................................ 2 063 
}laps and charts ohtainetl hy exchange, etc .......................... ,. ................. l HJ9 
Maps an<l charts purchased . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
Books and periodicals (hound) received from the hi111lery (volumes)...................... 172 

ARCHIVES. 

~o binding of original records and computations has been doue during the fiscal year just 
ended, as Mr. E. H. Courtenay could uot l>e spared from the computfog division to assist in pre­
paring the volumes for the l>indery. There is a large amonnt of work in this line that ought to be 
done at the earliest possible moment. 

The hall-way rooms on the third and fourth floors of the" fireproof1' ought to be fitted up with 
cases and shelving to providB additional room for charts and to relieve the overcrowded back 
room on the fourth tloor of a portion of its contents. 

The following is a summary of original and duplicate records, computations, original sheets, 
etc., received and registered in the archives during the fiscal year ended June 30, 1897: 

Original observations, 642 volumes, 124 cahiers, 72 rolls, and 17:~ sheets; duplicate observa­
tions, 544 volumes, 110 cahiers, and 191 sheets; field computations, !l volumes, 88 eahiers, and 2 
sheets; office compatations, 6 volumes and 86 cahiers; photography, 35 negatives, 34 lantern 
slides, 8 mounted prints, and 7 blue prints; log books, 70 volumes; specimens of sea bottom, 295 
bottles; descriptive reports, topographic sheets, 4 cahiers; descriptive reports, hydrographic 
sheets, 10 cahiers; topographic sheets, 29; hydrographic sheets, 44. 

FOlWE OF THE DIVISION. 

Mr. Artemas Martin was employed as a clerk during the whole fiscal year, but he acted as 
chief of the division <luring the month of June, 1897. He had charge of registering all original 
and duplicate records, computations, and original t-0pogrnphic and hydrographic sheets, and of 
filing the originals in the archives; and answered calls for the same, and for books, and kept 
account thereof. He also registered the books received by the library, and bad charge of' the 
preparation of books and periodicals for binding, and of the preparation of monthly reports, and 
annual report, etc. 

Mr. Edward :F. J,ope11 was employed during the whole fiscal year. He has been occupied with 
the registering, listing, an<l filing of the maps and charts received, and in answering calls for the 
same; with the registering, filing, and listing of the serials and pamphlets received. He also 
answered ealls for books, periodicals, etc., and made out catalogue cards for new books, etc. Mr. 
Lopez has performed his various duties faithfully and efficiently. 
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l\lr. William II. Butler was employed in the division as messenger during the whole fiscal 
year, a.ud has performed his various duties, "too numerous to mention," faithfully and efficieutly. 
Owing to his thorougl1 familiarity with the office, in co11sequeuce witL his loug connection with 
the Survey (over thirty years), his services are of great value . 

.!\Ir. B. A. Lynch, having returned from the field, was assigned to this division October 16, 
l1:>Hu, and remained till tlie end of l\Iay, 1897, when he was again detailed for field uuty. While 
in the division he was employed in making a caru catalogue of the original topographic sheets 
fileu in the archives and in doing other typewriting. 

Mrs. Fanny I. Matthews was assigned to this division May 29, 1897, and remained to the end 
of the fiscal year. She was employed in making a rn1cl rnta.logue of the original hyurographic 
sheets filed in the archives. 

Another good clerk is needed in the library and areltives division. A laborer is also needed., 
in order that the division may be properly kept'' in order"-a young, strong, active man who can 
climu np and down ladders. 

Hespectfully, yours, ARTEMAS J\IAR'.l'IN, 

Actin!l Oltief of Librar,11 and Archives Division. 
l\lr. 0. II. 'l'I'.l'TM.A.NN, 

Assistant i?~ Charge of Office. 
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OFFICE REPORT NO. 2-1897. 

H.EPORT OF THE HYDI~OGRAPHIC INSPBCTOR FOI~ THE FISCAI1 YEAH 1897. 

lJNI'.l'ED ST.ATES COAST .AND GEODETIC SURVEY, 

OFFICE OF 'l'IIE liYDIWGR.APIIIO INSPECTOR, 

lVashington, ./). G., ,Jnne 30, 1897. 

SIR: I have the honor to make the following report of' the hydrogrnphic operations for the 
fiscal year ending .June .30, 1897, so far as they i)ertain to the naval parties who were working 
under my supervision. There is also given a synopsis of the movements of, and the repairs made 
to, the vessels of the Survey, with a list of officers and a table showing the various changes among 
them during the yeai:, I beg also to append the reports of the chiefs of the hydrographic division 
and the coast pilot party. 

HYDIWGRAI'HY-A.TLAN'.I'IC CO.AS'!'. 

The steamer Blake and party, nuder the command of Lieut. Commander A. Dunlap, U. S. N., 
Assistant, arrived at New York 011 ,July 4, 18!.W, an<l for the remainder of the month was engaged 
in completing the office work pertaining to the survey of Port Hoyal Sound entrance arnl in pre­
paring for the resurvey of part of Buzzards Bay, Massachusetts. On July 31 the Blake left New 
York for New Bedford, Mass., arriving on August 2, but a week later previom; instructions were 
revoked and the vessel and party were ordered to complete the resurvey of the north shore of 
Massachusetts Bay. The Blake arrived at Gloucester on .A.ugnst 1~. Work was begun immedi­
ately and finbhed on Oct-Ober 31, 1896. 

The area covered during the season consists of that part of Massachusetts Bay lying along 
the north shore from Bastern Poi11t, entrance to Gloucester Ilarl>or, to Pickworth Poi11t, near 
Mauchester, and exte1Hling seawar1l for au average distance of 3 miles. 'l'he inshore hydrography, 
within a depth of 10 fathoms, is of exceedingly broken and dangerous character, numerous rocks 
and ledges extending in every direction. The survey was begun with a genera.I system of right 
angled intersection of lines 100 metres apart. A close development with double diagonal inter­
sections was carried over many of the shoal spots. Offshore such additional lines were run over 
outlying banks only. The results from the survey have been highly ~atisfactory, and credit is 
due Lieutenant-Commander Dunlap and his party for the thorough 111a11111·r in which every detail 
relating to the work has been executed. Special care was exercised in locating every known 
danger and in developiug all other indications of shoals. In this way a number of ledges and 
rocks were found not heretofore known, and which \Vere at once introduced. on our charts. In this 
connection Lieutenant-Commander Dunlap reports that "the fishermen about J\fauchester, Mag­
nolia, and Gloucester gave a great deal of assistance, and those from Magnolia often put themselves 
out in going along t-0 locate rocks, ledges: and shoals. No charge was ever made for services of 
this kind and I am indebted to them for much valued information." 

Lieutenant-Commander Dunlap greatly perfected the nomenclature of geographical points 
within bis working ground, and acknowledges the valuable information rendered by Hon. \Villiam 
II. 'l'appan, town surveyor of Manchester and president and historian of the Manchester Historical 
Society. 

On October 31 the tield work was concluded and the Blake proceeded to New York, arriving 
on November :J, after having stopped at )few Bedford to ol>tain a new whaleboat. On November 
12 she left New York and arrived at Baltimore 011November15. 
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The resurvey of that portion of Chesapeake Bay in the vicinity of the approaches to Balti­
more Harbor, from Sandy Point to Tolchester Beacll, had been assigned to this party. 'l'he 
necessary sig11als having· previously been erected and thefr positions located by J,ieut. B. H. Till­
man, U. S. N., Assistant, commauding schooner Jlfatchle11s, tlle party on board the Blake began 
sounding work on November rn, 18!W. With several interruptions this has been carried on to the 
end of the fiscal year mid continues at the present time. 

'l'he detailed instructions sent to the Blake require a close and careful survey, lines to be run 
100 metres apart, crossed at right angles by another system of lines about the same distance apart. 
Pr~jections on scale of 1-10 000 were furnished for the purpose of developing closely the dredged 
channels leading to Baltimore Harbor, and also to enable a close examination of the Jumpy area 
at the mouth of the Patapsco H.iver. Later, and at a time when a complete scheme for the hydro­
graphic resurvey of the whole of Chesapeake B:Ly had been pr~jected, the instructions nanwd were 
modified in so far as to allow the opening out of the distances between sounding lines to 200 and 
300 metres in areas where a closer development was not considered necessary. 

Lieutenant-Commander Dunlap reports 'that at the end of .June, 1807, the party had rnn 828 
miles of sotmding lines, aud covered 41 square nautic:1l miles of area. Owing to the wide expanse 
of the bay at this point, tlie low, unvarying aspect of the shore, and the almost ever.present mist 
on either one shore or the other, the work, especially in the boats, has been found to be of a trying 
chtU'acter. The bottom is for the greater part uneven and broken, causing a rough sea in even lL 

moderate wind. Notwithstanding these drawbacks the party has been indefatigable in pushing­
the work, and there is good prospect of finishing it before the end of the season. 

The interruptions of the regular work, referre1l to, were caused by col<l weather, when repairs 
were made; the laying out of the Ohesapeake Bay speed trial course for torpedo boats, March 
17 till April 24, 1897; aild attendance at the trial of the torpedo boat Foote, June 21to2G,1807. 
The trial course was laid out at the request of the Navy Department. The course as laid out is 
241 uantical miles Jong and ext.ends from Point No Point to ,James Point. The south eud is 
marked by a range and by a first-class can buoy. From this point the course runs N. by W. 1 W. 
to a point 3·3;3 miles W. by N. from the tripod on .lames Point, also marked by a fii·st.class can 
buoy. From this buoy at tl..ie north end, S. by E. 1 E. ! nautical mile, is placed a second·class can 
buoy; 4·54 miles on tl1e course is a similar buoy, and thence every 4·74 miles it is marked in the 
~mme manner, except at the end. 

The location of the trial course required the building of eleven large signals, cutting liues of 
sights and consequent amount of heavy work. 

Assistant D. B. Wainwright and Aid H,. B. Derickson had been ordered to cooperate in this 
work aud execute the nPcessary triangulation. Lieut. E. H. Tillman, U. S. N., Assistant, com­
mamling schooner Matchles8, and his party were assigned for service in connection with the trial 
course and continued on this duty from :\larch :!2 to April 18, 18fl7. 

In relation to the wo1·k in Chesapeake Bay Lieutenant-Commander Dunlap makes note of the 
remarkable erosion of the shore line, especiaJly along the castem sho1 e. At a number of points 
large tracts of land have been swept away, and it is the general opinion among the inhabitants 
that the greater amount of this cutting away of the bluffs and beaches bas taken place within 
the past thirteen years. 

During the prosecution of the l1ydrograpbic survey the party (leveloped two new shoals, of 
which immeiliate reportR were made to the office for proper action. One shoal, of quite a large 
extent, was located 2~ miles E. ;\: N. of Front Light, Oraighill Channel Range, with least water of 
7 feet owr it. The other shoal, with 6 foet on it, lies on edge of' channel off' Kent Island and 
opposite Sandy Point Light-House . 

.At the beginning of the fiscal year the steamer Bache and party, under the command of Lieut. 
R. G. Peck, U.S. N., Assistant, were at the navy-yard, New York, preparing for sea, and left that 
phwe on ,July 6, 18HO, for Long Island Sound, where au anchorage was made in the vicinity of 
Crane ~eek, Long Island. The work of overhauling, repairing, and repainting the naval speed 
trial course beacons, erected by thh; party in the summer of 18JG, wlis at once begun a11d 
prosecuted daily until finished .July 10. 

Upon the completion of the work on the beacons the Bache steamed to New London, Conn., 
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for the purpose of obtaining from the lighthouse depot a buoy and sinker with which to mark 
the new position for the Nantucket South Shoal Light Vessel, wllich position, by request of the 
Light-Hom;e Board, Lieutenant Peck had been directed to determine after making an examina­
tion of the locality. New London was left iu the morning of July 11 and New Bedford, Mass., 
reached on the afternoon of the same day. 

On July 13 the Baehc left New Bedford for the purpose of making the required examination 
to the southward and westward of Phelps Bank for the new position of South Shoal Light Vessel. 
This duty was successfully completed by the lGth and the Bache returned to New Bedford. 
Report of the examination and the new position recommended tor the light vessel was made to 
you under date of July 28, 18H6. I may here state that this new position was adopted by the 
Light-House Board, and on October 17, 1896, the light vessel was successfully moved to the 
position recommended. 

For the season's hydrography that portion of Buzzards Bay, covering the south shore of the 
bay from the vicinity of Woods Hole to a point about a half-mile to the westward of Cuttyhunk 
Island, was assigned to the Baclw's party. 

A right angled development of the ground covered by the sheets was planned, the lines of 
each system being 100 metres apart. This distance was reduced to 50 metres in Cuttyhunk 
Harbor and in all the principal channels where it was considered that a closer development was 
desirable and important. Special developments were likewise made for all shoals and shoal 
spots, together with careful search for least water on known rocks and shoals. To secure absolute 
crossings of soundings, Lieutenant Peck made a very careful study of the tides of Buzzards Bay, 
for the details of which I beg to refer to the descriptive report accompanying the sheets. 

'l'he season's work was completed in a systematic manner, and the high standard attained by 
tlH~ party has been maintained throughout. The weather havillg become unfavorable for further 
profitable hydrographic work with the last day of October, the Bache left New Bedford and ou 
November 1 arrived at the navy-yard, New York. 

Upon your recommendation, Lieutenant Peck has been designated by the Honorable the Secre­
tary of War to make the survey of the Outer Bar at Brunswick, Ga., provided for by the river 
and harbor act of June 3, 1896. Lieutenant Peck was subsequently instructed, under date of 
November 30, 1896, to proceed with this survey in accordance with the terms of said act. He left 
New York on December rn in the execution of this duty and arrived at St. Simons Sound December 
27, 1896, and began operations January 4, 1897. The field work of the survey was completed 
April lG, and on the 22d of the same month the Bache left Brunswick, Ga., for New York, where 
she arrived April 27, 1897. 

The time from this date to .June 22 was consumed in prosecutiug as rapidly as possible th~ 
office work of the survey. 'fhe necessity pf completing the i:Jheet on board required the plotting 
of 30 000 soundings (out of 39 000 that were taken), and the close and careful marking of contour 
lines made the preparation of the sheet a laborious operation. 

Lieutenant Peck's report of the survey, together with the sheet thereof and the original 
records pertaining thereto, l1ave been transmitted to the Honorable the Secretary of War. Copies 
of all the records and a tracing of the sounding lines run are retained in this office. 

This survey of St. Simons Outer Bar is one of the finest pieces ofhydrography ever accomplished 
in sueh an exposed locality, and reflects credit alike on the Survey at large and the party that 
achieved it. 

On July 1, 1897, Lieutenant Peck was relieved from duty on the Survey, having completetl a 
most successful tour of duty of four years and one month on this work, and ordered to duty at the 
:N" aval Academy, Annapolis, Md. 

The beginning of the fiscal year found the schooner Eagre and party, under the command of 
Lieut. G. 0. Hanus, U. S. N., Assistant, actively eng·aged i11 the resurvey of the northern part of 
Buzzards Bay, Massachusetts, liaving ta.ken the field on April 21, 1896. Field work continued 
till late in the fall, when the Eagre returned to New Bedford. 

The unprecedented amount of work accomplished by this party speaks for itself. Nearly 
2,800 miles of soundings, about 700 of which were obtained in pulling boats, is the record made. 

Four sheets were furnished the party. Of these, three sheets, including the head of the bay, 
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\Varebam, Onset, Buzzards Bay, Monument Beach, Pocasset, Marion, and Mattavoisett Harbor, 
were completed. An examination of the north shore and liead waters of Buzzards Bay will show 
that the bottom is b~oken aud irregular throughout. Iustcad of dewloping it in sect.ions and 
losing valuable time, Lieutenant Hanus decilh•d to treat the whole section as one grand shoal. 
The work is therefore nearly all of a very close development aud leaves no room for doubt anywhere. 

\Vhile engaged in the field work, and in conformity with your instructions, Lieutenant Hanus 
furnished Mr. E. L. Corthell, 0. E., with data for the proposed Cape Cod Canal. 

'fhe Eagrc remained in New Bedford during the winter, and during the time that field work 
was prevented by cold weather the vessel, steam launches, and boats were overhauled and repaired. 

Pursuant to instructions, the Ea,yrc sailed from New Bedford on May 18, and, after s1)ending 
several days in building and cutting in signals, anchored in Marion on May 27, which place was 
chosen for headquarters on account of its facilities for obtaining coal a11d fresh water for the 
launches in which the work must be principally done. 

At the close of the fiscal year the season's work had well adva11ced, and over 500 miles of 
sou11dings bad been run, principally on the east side of the uay and in the vicinity of Cataumet 
Bay. It is my expectation that Lieutenant Hanus, in conjunction with auotlier party, will complete 
the resurvey of Buzzards Bay this season. 

Special credit is due to Lieutenant Hanus for the excellence of the work done by this party. 
His great experience, constaut supervision, and thoughtful consideration of every one co1rnected 
with the work, have given him an euviable standing as a surveyor and commanding officer. 

The steamer Endeavor, under the command of Lieut. W. S. Benson, U.S. N., Assistant, having 
left Baltimore, :Md., May 13, 1893, was at tlte beginning of the fiscal year engaged in continuing 
the resurvey in the vicinity of Montauk i~oint, New York. Work was begun on l\lay 2Cl, aud 
was continued until August 15, 189G, under Lieutenant Benson's command. After this date 
the work was conducted under the direction of Lieut. J .. J. Blandin, U. S. N., Assistant, who for 
several seasons previously bad served as executive officer of the Endca,vor. The resurvey was 
successfully finisbed 011 September 24. 

In addition to completing the regular systems of lines south of Block Island and Long Island, 
a:> provided in the instructions, the Endeavor's party was engaged in developing closely the shoal 
ground off Montauk Point, including Great Eastern Hock aud Montauk Shoal. A thorough 
i11vestigation of tlie latter shoal failed to show auything less than 5 fathoms. The bottom is 
hard sand, with no indication of rocks. A careful i11vestigatio11 of Great Eastern Hock showed a 
depth of 32 fathoms, instead of. 4 fathoms, as heretofore shown. A series of shoals or ridges, 
extending in a general east and west direction, in latitude 41 o OG1 north, and from longitude 
71° 471 west to longitude 71 o 511, were found and named "Endeavor Shoals." The ship's work of 
the previous season was connected to shore by traverses. The deep cut between Montauk Point 
and Block Island was further developed, and a set of specimens of bottom taken in it, as it is an 
excellent guide for entering Block Island Sound in thick weather, and of going clear of the shoals 
011 each side of it at auy time. 

A number of current stat.ions were occupied, but the time was so short that it was impossible 
to secure full series of observations or to collect data that will be of more importauce tlia11 to 
show the necessity of more extended observations. 

, On account of the importance of the locality of this i:;urvey, both commercially aud strate­
gically, the ofiice work was completed as rapidly as possiule and the results introduced 011 all charti;; 
affecteu. 

Special examinations in this locality were made off Brightmans Beach, Rhode Island; near 
uuoy No. 14, Fishers lslaud Sound; Greenport Harbor, Great Salt Pond, Block lslan<l, aud the 
breal{ off the 11ort.h end of Gardiners Island. 

On October 1, 1896, the Endeavor left New Loudon for Nantul'ket Sound to complete the 
resurvey of those waters. "\Vork was begun on October 3, au<l considerable difiiculty was expe­
rienced 011 account of the long distance from the siguals, the hazy weather, and high wiIHls. 

The 1>11rvey failed to show any indication of the 4-foot spots on Horseshoe Shoal, although a 
earefnl search was made and the ship was run over the shoals at all stages of the tide. 111 the 
same way ii number of other shoals, shown on the old survey, failed t~> realize. 
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A complete survey was also made of 'l'arpaulin Cove. As the cove is used for an anchorage 
by a very large number of schooners, I have recommended that Lieutenant Blandin's survey be 
ntili;1,ed for a separate harbor chart of the locality. A project for the same ba8 l;>een submitted t-0 
the chart board. 

'fhe U. S. S. Dolphin having reported a rock near Sakonnet Point, H,hode Island, Lieutenant 
Bla11din was instructed to investigate. He reports the existence of a clump of bowlders with 
much deeper water around them. Sixteen feet is the least depth over them. This shoal was not 
knowu to the fishermen in this locality. 

This examillatio11 completed the Reason's work. The Endea1•or proceeded to New York, Ull(l 

after stopping at New London, ~cw Haven Breakwater, and Hempstead Harbor, arrived at the 
navy-yard on November 7. On the !Ith she started for Baltimore, Md., and arrived on the 11th, 
and prcparatio11s were then begun for the following season's work. 

On .January 14, 1897, the Endeavor sailed from Baltimore for Savannah, Ga., arriving there on 
,January 21. From this time until April 29 the party under the charge of Lieutenant Blandin, 
was engaged in the resurvey off the mouth of the Savannah Hiver. The working ground extended 
from outside the bar to the mouth of the jetties and the shoals to the northward and southward 
of the channels. A rectangular system of lines about 200 metres apart was run over this area and 
this system crossed by one set of diagonals about the same distance apart. The soundings are 
very regular, changes being gradual except on the shoals, where there is a great irregularity. The 
survey also extended to the entrance of Calibogue Sound as far as Braddock Point. 

It is thought that the work just completed covers all the ground necessary for navigation. 
The party determined numerous changes in the shore line. 

No difficulty was experienced in doing this work except the great amount of stormy and foggy 
weather. 

As no Coast Survey bench marks are now in existence in this vicinity, Lieutenant Blandin 
leveled his tide gauge to a bench mark established by the Corps of Bngineers, United States 
Army, on Tybee Point. 

Capt. 0. l\'I. Carter, Corps of Engineers, U. S. A., in charge of river and harbor improvements 
around Savannah, fnrnisbed tile party with mucb valuable information concerning bench nmrks, 
records, etc. 

On l\Iay 4 the Endeavor returned to Baltimore, and on .June 18 J_,ieutenant Blandin was relieved 
by Lieut. Commander C. 'l'. Forse, U. S. N., assistant. Lieutenant Blandin 1iad been connected 
with the Survey and the party on board the Endeavor since O~_ber 21, 18U3, and has proved 
himself a most mipable and conscientious officer, whose work has been of the highest order. 

Lieutenant-Commander Forse enters upon a second tour of Survey duty, and from his previous 
record we have reason to congratulate ourselves in obtaining so able an officer. 

The Endeavor left Baltimore on ,June 28, 1807, for Buzzards Bay, Massachusetts, where she 
will be engaged the entire summer. Ou his passage north Lieutenant-Commander Forse is 
instructed to take some <leep-sea soundings between Fenwick Islaml Shoal and Five Fathom Bank 
light vessel. 

The schooner llfatchless was placed in commission on July 3, 18U6, and Lieut. E. H. Tillman, 
U. S. ~., Assistant, assumed command on the same day. Upon taking command Lieuteuii.nt 
Tillman immediately proceeded to organize a party and fit out the vessel for hydrographic work, 
and on July W sailed for Norfolk, Va., arriving there on .July 2:~. 

Preparations were made to resurvey the w:iter front of the United States navy-yard. Sig­
nals having been located and the shore line run iu, the sounding work was llegu11 on August 11 
and completed on August 25. Throughout the time the weather was so extremely hot tllat the 
party could endure exposure to the sun only a few hours each clay. 

Every effort was made to have the survey :wcurate and thorough, and this has been accom­
plished. Lieutenant Tillman reports that considerable troublP. was found in getting soundingH to 
cross closely, the <lepths being extremely irregular, 1lue to the dredging that has been done, and 
the bottom being sticky mud and the current not strong enough to level it off. 

From September 5 to October 23, 1896, the lllatchle.~s and party were engaged in transporting 
Assistant .J. B. Baylor, Coast and Geodetic Survey, and sncll material as he required, to tlie 
localities that lie designated, and furnishing him with the necessary misistauce in locating signals. 
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On October 27, 1896, the 1lfatchlcs.~ arrived at Baltimore, aud in accordance with your instmc­
tions Lieutenant Tillman and party began the erection and locating of signals for 11ydrographic 
work in Chesapeake Hay, between San<ly Point and 'folchcster ~each. 

The work was completed on November 16 and the vessel prepared for systematic current 
observations in Chesapeake Bay. On account of cold an<l bad weather only a few ousc>rvations 
could be ma.de, and on December 13 the 1lfotcltlcss arrived at the vVashington Navy-Yard, '":here 
she remainecf until March 16, 1897. 

On March 13, 189i, a survey was made of the Washington Navy-Yard water front .. 'fhe work 
was immediately plotted and blue pr

0

ints furnished the ~ avy Department and the commanda11 t of 
the yard. 

On l\Iarch 16 the 1lfatcltlc.~s saile<l for Chesapeake Bay, aud on March 22, off Point no Point, 
Lieutenant Tillman reported to tlw commanding ollicer of the Blake, Lieut. Commander A. Dunlap, 
U. S. N., for duty in connection with the laying off in Chesapeake Bay of a speed-trial course for 
torpedo boats. The party was engaged in building signals, etc., until April 18, when the Jllatcltles.~ 
sailed for Baltimore. 

Lieutenant Tillman established a self-registering· tide guage at Sparrows Point, and OH April 
28 the Jfatcltlc.~.~ was anchored off North Point and began hourly observations for currents, which 
were continued until May 7. 

On May 17 the schooner occupied a position 3~ miles east (true) of Seven Foot Knoll Light. 
Observations began at noon of that day and continued until 8 p. m. June 16. 

On ,J unc 22, 18fl7, Lieutenant Tillman anchored the Jlintchless in the channel about nine-tenths 
of a mile east by south from Sandy Point J,ight and began a month's current observations at that 
station. 

IIYDROGRAPHY-PACIFIC COAST. 

The steamer Pa.ttcrson, Lieut.. Commander K K. l\foore, U. S. N., Assistant, commanding, 
having undergone extensive repairs, was received from the contractors on May 23, 1896, and a 
trial trip was made on ,Tune 18. The officers and crew were moved on board on the 20th, and the 
party fitted out for the season's work as rapidly as possible. 

This was completed early in July, and on the 14th the Superintendent, accompanied by Lieut. 
H. Hodma11, U. S. N., joined the party at Seattle, vVash., for the purpose of observing the topog­
raphy through which the boundary between Alaska and British Columbia passes and to inspect 
the nature of the Pa.ttc1·son's work, the manner of doing it, and determine as to its accuracy. 

'fhe Patterson sailed from Seattle 011 July 14, and on the 19th arrived nt Port Simps011. 
From this day to August 2 the Pa.tterson touched at various points in southeast Alaska, including 
Yakutat Bay, arriving at Sitka on the afternoon of the latter date, thus completing the Superin­
tendent's inspection of the boundary line and general features of the country. 

After taking on coal, launching the Cosmos, fitting her and other boats for work, and locating 
an uncharted slioal in Sitka Sound, the Patter.~on left Sitka on August 7 and anchored in Haley 
Anchorage, Fh1h Bay, the same day. The season;s work began immediatelJ', the Superintendent 
accompanying the various parties in the field, for the purpose of inspecting the manner of doing 
the work, until SPptember 23, when he took 11assage on the mail steamer for Seattle. The primary 
triangulation was carried down through Peril Strait, across Salisbury Sound, through Neva 
Strait, across Nakwasina Passage, and through Olga Strait, terminating at Dog Point, on Lisian­
ski Island, and the northern one of the Siginaka Islamls, where the last signals were well marked. 
Also through Salisbury Sound to the sea, where signals were well marked. The secondary or 
sextant triangulation was carried from the primary at Neva and Olga poi11ts t-0 the southward 
and westward through Krestof 1:3ound to its ,iunction with Sitka Som1d, and into Nakwasina 

·Passage from the same 1wints to the eastward, about three.fourths of th(I distance to its junction 
with the same sound at Dog Poi11t, leaving these two areas unconnected. 

Tho shore line and hydrograpily were completed as far as the triangulatioll i11 all cases. The 
topography is finished in Fish Bay and through Peril Strait to its junction with Salisbury Sound, 
and most of that 011 the north side of the sound is done also. 

'fhe manner of doing the work was the same as that of the 11rnvious season, with 11erhaps a 
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little more refinement in the triangulation in narrow places. The chairnels through which the 
season's work passed are narrower, more intricate, more filled with rocks, islands, etc., than those 
of the previous season, but the general features are those of all southeast .Alaska-high and rugged 
hills, thickly wooded and covered with underbrush, with bold water in most cases up to the cliffs, 
and no beach, making it especially difficult to locate triangulation points. 

'fhe bydrogra.phy and shore line were more difticult for the same reason, aud in addition 
some of these channels were cut up with islands and rocks, requiring greater car~ and closer 
developments. 

Particular attention was given to the observation of tides'; gauges were established at Bunter 
Bay, Pogibshi Point, Haley .Anchorage, and at Sitka. Simultaneous observations were taken at 
Pogibshi Point, on one side of Sergious Narrows, and Haley Anchorage on the other, and at 
Sitka. Pogibshi showed such a great divergeuee from the other two that Lieutenant-Commander 
:;\1oore recommended further· iuvestigatiou, which is being prosecuted during the present season 
( 1897). 

Current observations were taken at the Southern H.apids, Sergius Narrows, for practically 
one lunation, and showed a great irregularity in the time of' slack water which was unknown to 
the pilots before. Lieutenant-Commander Moore's recommendation for further observations or 
currents in this locality is also being carried out at the present time. 

The results of the season's work are embodied in six: topographic sheets, covering 37·5 square 
miles, and 1 897 miles of shore line; five hydrographic sheets, covering 71 square miles of water 
and 504 miles of soundings run; 22 current stations were occupied. The triangulation embraced 
the measurement of one base line, the erection of ;1()7 signals, aud the occupatiou of 533 stations 
for horizontal angles. Seventy-one stations were occupied for vertical measures to determine 92 
elevations. 

Lieutenant-Commander Moore again calls attention to the courtesy shown the party by the 
Pacific Coast Steamship Company, aud especially by Captain Wallace of the Oity <~f Topelca, who 
carried mail and marketing from Puget Sound and stopped at any place where he found the 
Patterson, to deliver mail or stores. 

On October 9, 1896, the Patter.~on left Sitka for San Francisco. On the evening of the same 
day the party located a rock off Point Caution, iu Whitewater Bay Entrance. 011 October 10 the 
shoal in the north entrance of 'Vrangell Strait, where the Topeka struck in 18H5, was successfully 
located. At the same time a party was sent to develop the reporteu slwal on which the steamer 
Alki struck in 1896. This shoal was fouud to have no existence, but the mud flat on the east side 
11ow cxteucls farther into the channel, and the indications are that the channel bas changed. 

On October 13 the Pattcr.~on got uncler way again, and after stopping in Clover Passage to 
search for an island; at Departure Bay, British Columbia, to fill with water and coal; and at 
Victoria, Briti8h Columbia, arrived at Sau Francisco ou tho 23d of October, 1896. 

'l'lle I'atterson was nuder repairs, receiving· a new upper deck, etc., from November 16, 1896, 
to January 18, 1897, during which time the officers and crew were quartered on shore, but there 
was no iuterruption to the oflice work. In this connection Lieutenant-Commander Moore desires 
to call special attention to the courtesies received from Lieut. Commander Frank Courtis, U. S. N., 
light-house inspector, who allowed him the use of the light-house wharf and storehouse on Yerba 
Buena lslanu for the storage of the equipment, etc., of the Patterson. 

After refitting, etc., the Patterson, on April 3, 1897, sailed for southeast .Alaska, and on 
October !.I arrived at the Puget Sound Naval Station, Bremerton, Wash., having toucltecl at 
Port 'l'ownseud and Seattle en route. Lieutenant-Commander Moore made an inspection of' the 
Hassler, .Earnest, and Fuco. The Ifassler was removed and overhauled, and the Patterson 
returned to Seattle to obtain 10 000 feet of lumber to fit out the two parties that were to occupy 
tllc tide a11d current stations at ~eymour and Sergius Narrows. 

On April 1:~ the IIydrographic Inspector arrived from the East ancl came on board to make the 
trip for tl1e purpose of inspecting the coast of southeast Alaska, the work done, that to be done, 
and the manner of doing it. 

The Patttrson left Seattle 011 April I:.$, and after stopping at Victoria and Departure Bay, 
British Columbia, 011 April Hi a11cltored in Plumper Bay, Seymour Narrows. 
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After inspecting the Narrows, Lieutenant-Commander l\foore decided to place the tide gauge 
and current station on the east side to the northward of Maude Islaud Passage. 'fhe party set up 
a tido staff, erected a frame house 12 qy 13 feet with two rooms, and establishell Second-class 
Fireman Charles Nelson in charge, with Seaman Nils Olin as his assistant, with stores and supplies 
for six months, to observe tides and currents until the return of the ship in October. Specific 
instructions as to the frequency and manner of observations were given. 

On April rn the Patter.~on proceeded north after touching at various places, and stopped in 
Bear Bay, near Sergius Narrows. After inspecting the rapids the west side between Shoal aud 
Sergius points was decided on to be the best place fort.he tide anll current station. The same 
preparations as were made in Seymour Narrows were carried out at this station, and Scaman 
J. Beurman was left in charge, with Seaman Fred Gail as assistant, and given the same instruc­
tions as the party at Maude Island Passage. 

On April 30 the Patterson arrived at Sitka and commenced tidal observations on .Taponski 
wharf, occupied the previous season, thus forming a chain from Victoria, British Colnmuia, to 
Sitka, Alaska. 

After an inspection of the various branches of the field work, the Hydrographic Inspector left 
the Patte1·son on May G and returned to ¥Va.shington. 

The season's work began .May 1 and has continued the entire season. It began on the north 
side of Sitka Sound, where it was left off last season, continued down the Sound aud connected 
with the work of the Patterson of 1893, thus completing the inside steamer route from the British 
Columbia line in Dixon's Entrance to Sitka, with all the arms, bays, and bights connected therewith. 

'fhe pitrty also took up the work off the mouth of Salisbury Sound, where it was left off the 
previous season, and carried it about 15 miles. to the northward and westward, off the coast of 
Chichagoff Isfand; and the survey to the south ward on the sea side of Kruzoff Island is well 
advanced, insuring the completiou of this work this season, and connecting- Sitka Sonn<l with 
Salisbury Sound, outside as well as inside. The hydrography is carried out to the mo.fathom curve 
and Lieutenant-Commander Moore mentions that it deepens more gradually outside than inside, 
except off the month of Sitka Sound, where there is a deep hole dropping from 70 fathoms to 500 
fatlioms in about 2 miles, 8 miles from Cape Brlgecnmbe; off Salisbury Sonud and to the north­
ward and westward the 100-fathom curve is from 12 to 15 miles off shore, and the coast is very 
treacherous. There are outlying sunken rocks and reefs, some as far as 3 miles offshore. 

The general features of the inside waters aucl shores are the same as described heretofore. 
At the close oft he fiscal year the party had so far accomplished a remarkable amount of work, 

which is worthy of detailed statement, viz: 
One base line had been measured. 
Three hundred and eleven signals had IJeen erected. 
Two hundred and eighty-fivo stations had been occupied for horizontal augles. 
Sixty-nine stations had been occupied for verticaJ angles. 
Ninety-seven square miles of topogTaphy 11nd been covered. 
One hundred and fifty-one miles of shore line had beeu run in. 
Two hy<lrographic sheets were finished, comprising 73G miles of soundin~s. 

I desire to call your attention to tlie improvement of the Alaska work which has been brought 
about under the immediate direction of Lieutenant-Commander Moore. His unfailing good judg­
ment of everything connected with the work, the party, and the ship under his command, has 
furnished the Survey with results that deserve special words of commendation. l regret in this 
conuection that the reports of Lieutenant-Commander )foore have not been made available to the 
general public, and would recommend that the publication of future reports be made a matter of 
early consideration. -

The steamer Ocdnc.11 and party continued throughout the year under the command of Lieut. 
Commander A. P. Osborn, -U. S. N., Assistant, and on July 18, 18!lG, resumed the survey of that 
portion of San Francisco Bay known as San Pablo Bay, where the work was steadily continued 
until November 17, when the vessel proceeded to Oakland Creek for repairs. 

On December 7, 1896, repairs having been completed, the Gedney proceeded to Sausalito to 
await the arrival of Rear-Admiral J. G. Walker, U.S.)[,, chairman of tlie board to locate a !leep-
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water harbor iu southern California. On December 19, in compliance with your instructions, 
the Gedney sailed to San Pedro, C~tl., where, under the direction of the hoard, the party made 
hydrographic examinations of San Pedro and Santa l\Iouica hays, and also of the inner harbor 
of Sau Pedro. On February 7, 18!l7, having tiuished the work for the board, the Gedney returued 
to Sau Francisco and resumed work in San Pablo Bay. 

On May 11, 18H7, the regular hydrographic work was discontiuued in order to lay out a uew 
1-mile speed-trial course. 

On ,June 15 the Honorable the Secretary of the Treasury placed the Gednev at tbc disposal of 
Dr. D.S. Jordan, president of the Leland Stanford University, for tbc purpose of an investigation 
of the seal rookeries on the island of Guadalupe, on the uortbwest coast of Mexico. The Gedney, 
with a party of scientists from Leland Stanford Cuiversity, left San Francisco on June 15, arriving 
at l'IIelpomene Cove, Guadalupe Island, ou June 21. From June 21 to .July 1, 1897, both ship and 
launch were engaged in carrying tbe naturalists to various points of the island and renderiug them 
such assistance as they required in securing and preserving specimens. 

During the stay at Guadalupe Island tbe latitude of a point 011 the south cud of the island 
was determined by observations to be 2so 50' 30" north. Hesults of observations on the north 
end led Lieutenaut-Uommander Osborn to believe that the latitude and longitude given ou British 
Admiralty chart No. Hl3u is correct. 

Having only one chronometer the party made no attempt to establish a close longitude. 
The two latitudes make the length of the island about 20 miles. 
During the \'arious trips about the island a running survey was made. 
A chart, of excellent execution, with data and method of work, has been received and upon 

your instruction forwarded to the Hydrographer, Kavy Department, for use in tbe correction of 
charts issued hy that office. · 

On July 1 the Gedney left Guadalupe Island for Sausalito, Cal., arriving on July 7, 1897. 
The resurvey of San Pablo Bay, conducted by the party nuder tbe command of Lieutenant­

Commander Osborn, is now nearly completed, and at the close of the fiscal year 24 squarn miles 
liad been covered by over 900 miles of soundings run. 

'fhe work executed for the board to locate a deep-water harbor in southern California resulted 
in three hydrographic sheets of Sau Pedro Harbor and approaches, on various scales, and one 
hydrographic sbeet of Santa Monica Bay, scale 1-10 000, and covers altogetller ~~3 square miles. 

The steamer 1lfc.:Lrtltur was throughout tlie year engaged in the resurvey of Sau Francisco 
Ray, awl part of the time in further development of Bonita Channel and Golden Gate. Lieut. 
James JI. Sears, l~. S. :N., Assistant, remained in comma11d until .April 4, 1897, when he was 
relieved by Lieut .• J. l\f. Helm, U. S. N., Assistant. 

The finished sheets of this party comprise the entrance to Sau Francisco Bay and that part 
of the bay from tlle northern part of Sau Francisco and Alcatraz Island, on the west side, to 
Oakland and West Barclay 011 the east side of tbe bay. 

The limits of the entrance sbeet extend from outside the Heads, in a line extending between 
Franks Lagoon on the northwest and Cliff House on the southeast, to Fort Point 011 the inside. 
It includes the important Bo11ita, or North Channel, the Golden Gate, and Mile Hock Channel. 

The difficulties in the bydrography were fouud in the irregular and strong currents, the lack 
of good ranges, the prevalent fogs, the high winds, aud the tidal seas. No <lifliculty was met in 
the matter of siguals. Throughout the area the bottom was found to be very irregular, both in 
depth and cbaracter. Eve1·y suspicions discrepancy in the soundings has been investigated, and 
it is believed that every feature bas been completely covered. Lieuteuant Sears discovered and 
fully located a number of dangerous rocks, of which immediate report ~tud publication was made. 
The most important ones are Sears lfock, 18 feet, and Centissima Rock, 27 feet, in the fairway of 
Bouita Channel; the 10-foot rock, entrance to Hodeo Cove, and the Hi-foot rock in the middle of 
Mile Hock Channel. A number of pinnacle rocks were located off Tennessee Cove, and north of 
it, and also near Point Bonita and Fort Point. Altogether over two dozen new rocks were 
located. For the first time the inshore hydrography was fully developed. 

The descriptive report accompanying the entrance sheet is very comprehensive aud contains 
much valuable information, especially in regard to currents. 
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The sheet covering part of the uay, as described auove, iucludt>s Blossom Hock, the shore of 
Yerba Buena Island, the channel to the eastward, and the Berkeley Flats. 'l'he difficulties 
encounkrc<l were mainly those of weather, halle, and smoke. 'l'he currents were found to ue 
extremely peculiar, and were observed to be running in opposite directions ou either side of Ycrha 
Buena Islaud at the same time, with varying strength. · 

'l'he changes in hy1lrography, as sl10wn by comparison with the published chart, appear to 
have been slight. Little change was noted in the 12 and 18 foot curves, but considerable change 
was found in the location of the G-foot curve lying off the Berkeley shore, due without doubt to 
the intluence of the extensive piers of the Southern Pacific Railroad Company. Lieutenant Sears 
had practically completed this part of the work, including the descriptive report accompanying 
the sheet, when Lieutenant Helm relieved him. 

Since the middle of April the ilfcArthur's party ha!'. been engaged in the hydrograpby of the 
eastern shore of San Francisco Bay, between Thompsons Landing and Potrero Point. 

'l'hc party has also selected and located a large number of ranges i11 and about San Francisco, 
for use in determining compass deviations. 'l'hese ranges will be put to a practical test, and it is 
the intention to put the morn important and useful ones on the charts affected. 

'fhe total work of the fiscal year covered 27~ square nautical miles and represents 7flG miles 
of souu<lings run and 56 518 soundings taken. 

'flte present commanding officer of the Mc1lrthur, Lieut. J. M. Helm, U. S. X., is now serving 
his second tour 011 the Survey. As commanding officer of the same vessel a11d of the Gedney he 
has made an enviable reputation in this office. 

Statement 1~f lfydrogra:pkio SurV1.:ys executed <luring the fiscal year ending June 30, 1897. 
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Statement of Hydro_qra.phic Survcyi; executecl dnring thejisca.l year ending Jww 30, 1897-Cont'd . 
------ ------
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Number of speeimeus of liotto ms, 252; current stati ons occnpied by h ydrogrnp lli c par t ies, 27. 
Pa,rty No. 2 engaged from .J11ly 6 to 10, 1896, iu oveTl1 anling trial-course b eacon s in Long lsla.nd So nnd, Jnly 

13 to 16, rnuniug test lines south of Nantncke t; Shoals. 
Par t.y No. 5 engaged pri ncipally in cnucut observations in ChCS[L]10ake Hay, trmisportin g <.:iv i I p arty, aud a s ·ist­

in g on Ch esapeake Ba.y tri al conrde. 
Party No . 6 established sp eed. trial courso in Chesapeak e Bay Ma.rcb 17 to April 21J, 1897, und atteudccl speed 

trial of torpedo boat Jnne 21 to 26, 18:17. 
Party No. 8 a ssigned to duty unde r the Honor~thle Secretary of War, unde r whose 1lireo tin11 t be H11 rvcy of St . 

Simons Bar, Georgia, wn s carried out. 
Party No. 9, work at Sa.n Pedro a nd Santa Monica., executed for D eep H a.rhor Commi ssion sonther11 coast of 

California. 
Party No. 9 established n ew one-mil e sp cell tr ial course in San rraucisco Ba~· · 

Pa.rty No. 9 toolc p ar ty of scient ists to Guadalupe Island, Mexico, for investigation of Seal Hoolrnrics Jnn e 15 
to .July 7, 1897. 

Party No. 10 establisllell ranges for compass corrections i11 San F ran cisco Bay. 
P arty No. 11 carri ed t he Superintendent's pnrty of inspection .Ju ly 14 to Augnst 2, 1896. 
Civ il party No. 6, special survey for Brazos Rivrr Commi ssi on. 

HYDROGRAl'lllC DIVI.STON. 

Dming tbe year , Lieut. H . Rodman, U . S. N., Assist:wt, was in charge of the hydrograpltic 
division until ordered to sea April 28, 1897. Lieut. G. Tarbox, U.S. N ., A sistaut, then assumed 
charge, in addition to his duties with tbe coast, pilot party, until hi s detachm ent June 15, 1897. 
Lieut. J.C. Gillmore, U . S. N., Assistaut, reported for du ty June rn, 1897, and was assigned to 
tile charge of this division fr0m that el ate. 

The ·work of this division has been continued with ability a11d ;1,eal, and r take pleasure in 
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calling your attention to the constant efforts of the officers in charge to improve the hydrographic 
features of the charts. 

The oflice force has given entire satisfaction and the recommendation for increased compensa­
tion for Mr. E. B. Wyvill and Mr .• J. T. \Vatkins is strongly urged. 

COAS'.1' PIL0'.1' P AU.TY. 

This party has been kept busily engaged in the continued correction and compilation of the 
Coast Pilot publications. 

Lieut. G. 'l'arbox, U.S. N., Assistant, remained in charge until bis detachment .June 15, 1897, 
and carried on the work with zeal and with a constant effort to improve the work. Be was ably 
assisted by l\:lr. John Hoss. Since June 19, tile party has been in charge of Lieut .• J. U. Gill­
more, U.S. N. 

'l'he main work of the party ha.s been the preparation of manuscript for the first edition of the 
Coast Pilot, Part VIII, of the Gulf of Mexico, with supplement to other parts, the details of which 
are meutioned in the report annexed. 

It is hoped that the publication of ranges on the Atlantic and Pacific coasts may prove of use 
to mariners to enable them to find the deviation of their compasses with little loss of time. 

The present force of the coast pilot party is too small for the work and an additional nautical 
expert for the Alaska work is urgently needed. 

ltEPAiltS AND l\IAIN'.l'ENANCI<; OF VESSELS. 

The following repairs were made to the difforent vessels during the fiscal year: 

ATLANTIC COAST. 

Steamer Bachc.-Docking; iron bridge walls for boiler; copper tank for cabin water-closets; 
repairs to boilers; brass clock for engine room; two steel water tanks for berth deck; two steel 
water tanks for lower engi11e room; grate bars; door and front liners; grates; bonnets and plugs; 
repairs to boats; painting, and minor repairs. Total expenditure, $817·84. 

Stcamc» .Blake.-Repairs to ice boxes and new gratings for s;1me; cabin and wardroom chairs; 
deck in pilot house; air ports; part.itio11s in water-closets; cathead; renewing steam and exhaust 
pipe on cc1pstau engine; metalling 15.doorsills in cabin and wardroom, and sheathing part of bulk­
head in galley with brass; repiping radiators; galvanized-iron work; new thrust block; docking 
ship; new electric bells, wire, push buttons, buzzers, etc.; brass tlanges for seacock; copper 
strainers, gate valve, brass nippers, etc.; two galvanized tanks and fittings; locker for tanks for­
ward on spar deck; fittiug new water-closets and pumps; new gaff; new topmast; wire screens for 
ship; new planemeter; 11ew water tanks; fonder for gangway; new 1iooriug in storeroom and shaft 
alley; lockers in cabin and around pilot house; radiators for pilot house; new chains for catting 
anchor; oil tray for engine room; new tubes for boilers; repairs to main and capstan engine; tube 
stoppers aud plungers for foed pump and fittings; guide brasses for air· pump plungers; repairing 
furnace fronts and doors; repiping circulating pump; forging bolts for foundation of thrust bearing; 
repairs to blow-off valve; liners for journal brasses; 11ew thrust, shaft, and bearings; repairs to 
feed.pump gland main engine; lagging main-engine cylinders; finishing cylinder heads, and new 
nuts; renewing siphon piping, steam jackets, and indicator gear; repmrs to boiler, engine, and 
hull of steam launch; repairs to boats; painting, aud minor repairs to ship. 'l'otal expenditure, 
$2 868·13. 

Schooner Eayrc.-Three new boilers, and repairs to hull and machinery of steam launches; 
repairs to gangway ladder, galley range and cabin water-closet, deck, water line, centerboard and 
keel, water-tank beds; new straps for main boom, and cleats for masthead; manila for sheets, 
clew lines, deck ta-ckles, and mooring lines, and blocks for same; painting ship, steam launches, 
and boats, and miscellaneous repairs. Total expenditure, $4 4!H. 

Steamer Endea·cor.-New steam heating apparatus, with donkey engine supplied; ship docked 
and cleaned; pilot house, closets, lamps, counter-gear and crnnk·pin brasses repaired; new 
speaking tube put, in from engine room to pilot house; main boiler callrnd; pipes of heating plant 
covered with magnesia covering; new after coupling of thrust bearing supplied; automatic pump 

.(j584--8 
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added to heating plant; main deck calked; two large scuppers to relieve deck of water put in; 
new galley; large ice uox for both forward and after messes supplied; also new stern bearing 
and three-fourth-inch chaiu for port anchor; new dingey, booby hatch, sounding grating, teed 
pipe, check valves, feed pump, bilge pipes, and engine, boiler; and hull of ship and steam launch 
and boats received such general repairs as were necessary for their preservation. Total expendi­
ture, $2 446·86. 

Schooner Alatchless.-The repairs to this vessel consisted iu supplying her with sail covers and 
a refrigerator at an expenditure of $117. 

Schooner Quiek.-Xew masts supplied; also new galley house; forward and cabin companion 
ways rebuilt; two pair steps of cypress put in; removed four pair brass skylight quadrants; took 
ont ballast to clean vessel's hold; whitewashed same and returned ballast; new wire rigging, 
blocks, etc., supplied; vessel overhauled, repaired, metalled, and painted where necessary; and 
hull and engine of naphtha launch overhauled and repaired. Total expenditure, $1 075·30. 

PACIFIC COAST. 

Steamer Gedney.-New mainmast, new ash buckets, new hawse pipe and collar, new water 
tank and capstan supplied; six dead eyes, deadlight, hurricane deck, forecastle rail and deck, 
main engine, steam winch, main boiler and furnace repaired; steam launch supplied with new 
pist-0n rod, canopy cover and tiller; and minor repairs to ship, launch, and boats. Total expendi­
ture, $1 045·26. 

Steamer 1lfcArthur.-New boat covers, lriunch canopy, rigging and fitting for square yard and 
sail, new square sail, jib and mainsail, drum aud· steel casing for launch supplied; vessel was 
docked and received general overhauling, consisting of new keelsons, repairs to hull and fastenings 
and including keelsons, repairs to spar deck, beams, and risings, wood floor under fire-room floor 
plates, and coal bulkhead1o1; boiler removed to wharf, 99 brass tubes taken out and replaced by steel 
ones, tube sheet replaced, and boiler returned to ship and connect~d up; 1 section of line shaft 16 
feet long connected up; crown sheet of boiler removed and replaced with new one; 1 set of piston 
rings, 2 globe valves, 1 set 30-inch grates (circular), 1 set 72-inch straight grates, 1 set tire-room floor 
plates, 2 cast furnace door frames, 1 water tank, l, smoke stack for steam launch, 1 water distiller, 
2 uew anchor plates for bow of ship, and iron fittings for fore yard furnished; 15 studs in chain 
replaced and about 70 others straightened, and miscellaneous repairs made to ship, launches, and 
boats. Total expenditure, $3 989•96. 

Stea.mer Pattcrson.-The extensive repairs begun during the previous fiscal year on this vessel 
were finished during the present. The upper deck, with all its planking, beams, carlings, coamings, 
skylights, pilot house, booby hatches, deck clamp, inside bulwarks, etc., were removed and 
replaced with new, using best Oregon pine. Everyt.hing was replaced as it was before, except 
that 11 additional beams were put ini more evenly spaced, the beams molded 5 inches amidships 
and tapered to 4 inches at the ends, instead of 4 inches all through, and sided 7 and 8 inches, 
instead of 6, 7, and 8 inches. The knees were fastened with through bolts and nuts, instead of 
drift bolts, all making the deck much stiffer and Rtronger. The fire-room batch was made of 
three-sixteenths boiler steel instead of wood. The cabin-booby batch waR raised 15 inches, so as 
to enter without pushing the slide. The two gangway boobys were raised :!4 inches. The pilot 
house was lengthened about 9 feet, extending from the fore hatch to the fire-room ventilators, 
over the old drafting-rooJ?'.l skylight, which was decked over, making it 20 feet long by 9l2 feet 
wide on deck. A drafting room was made in the after end lOf:;- feet long by 8F:1 feet wide inside. 
The leaders for the wheel rope were changed to lignum-vitro, fair leaders for the wire rope, and 
piping for manila, making a more direct lead and the wheel ropes al ways taut. A layer of heavy 

. hair felt was put under the canvas. The starboard fire.room ventilator was renewed and the 
upper part of the port one renewed, while the lower part was repaired· both were lengthened to 
clear the top of the pilot house. A bulkhead was run through the middle of the old drafting room 
and the starboard side converted into a library and sick bay 11-Ar feet long by 6-?:r feet wide, while 
the port side was turned into a room for the two leading machinists and dispensary, the latter 
opening into the sick bay. The mizzenmast partners, tile deck about them, and sides of beams next 
to them were found to be rotten. The beams were graved and partners and deck renewed. The 
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galley was worn out. It, with the brick and cement floor, was removed. The deck underneath 
was repaired and calked, a new brick and cement floor was laid, and a new 16-inch double-oven 
galley set up, with shelf and steam boiler. The scroll work, name, globe, and stars were reg'ilded. 
A new fore yard, mizzen topmast, and main boom, and new main and mizzen crosstrees were 
supplied. The bulkheads and coamings of the main-deck hatch house were repaired. The main 
deck wus calked from the ward-room bulkhead forward. The upper and lowei· seams of the 
outside bulwarks were calked. The paint was burned off between decks forward, and the whole 
ship painted. The coal-bunker bulkheads were repaired around the bottom, where they had 
rotted away. 'l'he standing and ruuniug rigging were all overlmuled. Steam launches and boats 
were thoroughly overhauled and repaired, and a flat-bottom skiff supplied. Boilers and engine 
overhauled and repaired; also pumps, pipes, and secondary engines. Lagging on upper part of 
main boiler was cov~red with galvanized iron under the hatch to protect it from the weather. 
Total expenditure, $7 016·75. 

Such repairs as tended to their preservation were made to the Spy, Transit, Hassler, Cosmos, 
the laui1ch Fuca, and other launches. 

List of naval officers attached to the United States Ooa.st and Geodetic Sm·1Jey during tlte fiscal year 
ending .Tune ,'JO, 1897. 

r
-···----··----~au~~-·· -----··.-------! ···-~~tc ~-~=l~c-d.-1 ~::-de-la-c-he-·dl ______ ~~~1-:~~~~---

.I- - ----+ ···-··-· ·------·-
r,IlmTENANT-coMMANDERs. I ! ' 

A. Dunlap. . . . . . . . . . . . . . . . . . . . . . . . . . . . May 26, 1896 . . . . . . . . . . . . . . Still in service. 
H. G. 0. Colby ........................ , Apr. 30, 1896 Dec. 23, 1896 
E. D. Taussig ......................... : Dec. 23, 1896 . . . . . . . . . . . . . . Still in service. 
,V, J. Barnette ......................... Apr. 2, 1897 . . . . . . . . . . . . . . Still in service. 
C. T. Forse ........................... ' June 18, 1897 . . . . . . . . . . . . . . Still in service. 
E. K. Moore .......................... Jan. 12, 1897 ............. ·j Still in service. 
A. P. Osborn .......................... July 20, 1895 .............. Still in service. 

LIIWTEN AN1'8. 

Robert G. Peck...................... June 
G. C. Hanus. . . . . . . . . . . . . . . . . . . . . . . . . Feb. 
J. M. Helm ....... : ................... Mar. 
J. A. Shearman ....................... 'Jan. 
James H. Sears...................... Mar. 
]. C. Gillmore........................ June 
\V, S. Benson ...................... , .. May 
A.G. Rogers......................... N'ov. 
J. J. K~app ........................... July 
E. H. Tillman ......................... July 
R. F. Lopez .......................... ·I July 

I 

UEUTENANTS (JUNIOR Cl{ADE ). 

1,18931·············· 
7, 1895 ............. . 

22, 1897 ............ . 
8, 1894 Jan. 8, 1897 

31, 1894 Apr. I, 1897 
19, 1897 ............. . 
6, 1896 Aug. 15, 1896 

15, 1894 July 1, 1896 
l, 1896 ............. . 

19, 1894 ' ............. . 
20, 1893 );ov. 20, 1896 

Hugh Rodman ........................ i Dec. 20, 1895 Apr. 28, 18971 

Still in service. 
Still in service. 
Still in service. 

Still in service. 

Still in service. 
Still in service. 

J. J. Blandin .......................... Oct. 21, 1893 June 18, 1897 . 
W. B. Hoggatt................. . . . . . . . Jan. 17, 1894 .............. I Still in service. 
]. H. Seymour ......................... Sept. 5, 1896 Dec. 7, 1896 I . . . 
G. R. Slocum. . . . . . . . . . . . . . . . . . . . . . . . . Dec. 3, 1896 . . . . . . . . . . . . . . Still m service. 
G. Tarbox ............................ I Oct. 19, 1895 June 15, 1897 
W.W. Gilmer ......................... i Dec. 19, 1895 ............. . 
W. A. Edgar . . . . . . . . . . . . . . . . . . . . . . . . . . Oct. 18, 1894 ............. . 
W. H. Faust... . . . . . . . . . . . . . . . . . . . . . . . Apr. 7, 1896 ! . . . . . . ...... . 
H. H. Hines .......................... Oct. 27, 18941 ............ .. 
X A. McCully..... . . . . . . . . . . . . . . . . . . . N"o\'. 26, 1894 ............. . 

! I 
E:-;'SlGNS. ! 

Still in service. 
Still in service. 
Still in service. 
Still in service. 
Still in service. 

Andrew T. J.,ong. . . . . . . . . . . . . . . . . . . . . . Apr. 23, 1895 Nov. 18, 1896 ; 
C. M. Stone . . . . . . . . . . . . . . . . . . . . . . . . . . . Feb. 20, 1895 . . . . . . . . . . . . . . Still in service. 
'fhomas \Vashington . . . . . . . . . . . . . . . . . . l\lar. 30, 1897 . . . . . . . . . . . . . . Still in service. 
A.H. Davis . . . . . . . . . . . . . . . . . . . . . . . . . . . Jan. 7, 1895 . . . . . . . . . . . . . . Still in service. 
F. M. Russell ......................... Jan. 7, 1895 .............. Still in service. 
John F. Hubbard..... . . . . . . . . . . . . . . . . . Oct. 13, 1895 ' Apr. 20, 1897 
M. L. Miller .......................... ,' May 19, 1896 .............. Still in service. 
Jas. H. Reid........ . . . . . . . . . . . . . . . . . . . Dec. 9, 1895 . . . . . . . . . . . . . . Still in service. 
H. A. Wi1'2" .......................... Jan. 1, 18g6 .............. Still in service. 
G. B. Bra shaw ...................... ·; Feb. II, 18g6 Dec. 3, 1896 
C. A. Brand. . . . . . . . . . . . . . . . . . . . . . . . . i Aug. 17, 1896 I· . . . . . . . . . . . . . Still in service. 
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List<~!' n<ical officer.~ att1.whed to the United States Coast mul (}codetic Survey, e~:.-Continued. 

' j Date detached. Reninrks. I ~~~- ___""': ________ !_ Datcattachcd. 

ENSIGNS-continued. 
1----- , __ 

P. \Villiams........... Nov. I8, I896 
F. B. SuJlivan.. . . . . . . . . . . . . . . . . . . . . . . . Dec. 18, I896 
P. Symington. . . . . . . . . . . . . . . . . . . . . . . . . May 7, I897 

PASSC:D ASSISTAx·r si.;RGI·:oNs. I 

G. Rothganger ........................ 1
1 

Nov. 28, 1896 
R. 1\1. Kennedy.. . . . . . . . . . . . . . . . . . . . . . Sept. 26, I894 
Charles :i'-1. De Valin .................. ·1 June 29, 1896 
H. D. Wilson ...... : ................... Oct. 10, I8¢ 

ASSISTANT SURGF.ONS. I 1 

l\L K. Johnson ........................ Aug. 16, 1896 

Dec. 25, I896 
Nov. 28, I8¢ 
Dec. 3, I896 
Dec. 7, 18¢ 

Still in service. 
Still in service. 
Still in service. 

PASSHD ASSISTANT PAY:vIASTERS. I 

·-J-~11~--Q. J_,ovell ............... ·~-~·-·_· ._. _ M-a~~--~-·- 1895 _·_·_·_· ._._· ._._· ._._··:Still in servi~ 
HECAl'ITl!l.ATIO:\. 

Liouterni.nt-commandors ... _ .. _ ...... ·- ____ . _ ......... ·-·. ·-·· .. ·-· .. _ .. __ . ·-· ..... -- .. 7 
Lieutenants .... _.···-·····--··-·· .... ··-···.··-····--··· .......... ···--·-··- .......... 11 
Lieutenants (junior g-rade) -·-· ·-···· ··-· .... ···-·· .................. ···--· ........ -··· 11 
Ensigns ............ ···-··-·-··----····-···-·--· .... -·····-··· ....... ·-·· •............. 1•1 
PasHed asHiHtant 8nrgconH .... ·--· ···-·· ............ ···-·· --···· ................... ---- ·1 
Ast1istan t snrgcous ............•....... ___ ........ _ ............ _. _ ... _. _ ....... _ - . - . . . . 1 
Passed a~sistant paymasters ......................... -- .... - .... - __ ...... _ ........ - - . - · 

NoTE.-From tho statement immediately following- it appearH that, of tho ·W officers :tl10Yt1 numo<l, :H were on 
1l11ty on tho f,;urvey at the closn of the fiscal year. 

List of naval o.tficers tittachcd to the United States Const and Geodetic S1tri:ey J1tnc 30, 1897. 

Coast and Geodetic Survey ~tfiec.-Lieut. Commander K D. Taussig, llydrographic Inspector; 
Lieut. J.C. Gillmore, chief of hydrographic division; Passed Assistaut Paymaster .John Q. Lovell, 
in charge navy pay accouuts. 

Steamer Blake (Atlantic Coa.st).-Lieut. Commander A. Duulap, conmrnnding; Ensigns .Jaines 
H. Hied and P. B. Sullivan·. 

Steamer Bache (Atlantic Oo<tst).-Lieut. Commander W. J. Barnette, commanding·; Lieuts. 
J{obert G. Peck and H. TI. Hines; Ensigns A.H. Davis and F. M. H.ussell. 

Stenmer Endeai•or (Atlantic Coast).-Lieut. Oommander C. T. Forse, commanding; Ensigns 
0. A. Brand and P. Williams. 

Schooner Eagre (Atlantic Goast).-Lieut. 0. 0. Hanus, couunancling; Lieut. W. A. Edgar; 
Ensign H. A. Wiley. 

Schooner Jlfotchle.~s (A tlwitie Coa8t).-Lieut. l<.J. H. Tillman, commancliug. 
Steamer I'attcr.~on (Pacific Goa.~t).-Lieut. Commander E. TI. Moou, commancling; Lieu ts. J .. J. 

Knapp, W. H. Hoggart, G. R. Slocum, and W.W. Gilmer; Ensign 'fhomas Washington. 
Steamer Gedney (Pacific Goast).-Lieut.Commander A. P.Osborn,commanding; Lieut. \V.H. 

Faust; Ensigns C. M. Stone and P. Symington. 
Steamer JlfoArtliur (Pac(fic Goast).-Lieut. J". M. Helm, commanding; J,ieut. N. A. McOully; 

Ensign M. L. Miller. 
CONCLUDING REMARJ{S. 

In conclusion, I beg to call your attention to the nc<'.essity of a change in the form of appro­
priation for the prosecution of the hydrographic work and of all surveying work under charge of 
naval parties. 
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'fhe present form of appropriation, giving a few hundred or a few thousand dollars for this 
section and another allotment for ·another section of the coast, does 11ot brinJ the same results 
frolll the expenditure of the money as if the appropriations for the hydrographic work were made 
in one sum. 

The hydrographic surveys and resurveys of the extensive coast of the United States, including 
Alaska, will never be finished. 'l'he repairs and outfits and other expenses of the vessels must be 
maintained throughout the fiscal year, and all should be lumped in one appropriation to obtain 
the best results. 

Un<lee the present form of appropriation in many cases work of importanc(I in one section of 
a coast is dropped, to be continued at additional expense at some future day, because there is 110 

money to lmy possibly 50 tons or less of coal. In every other respect the vessel may be fitted out 
to continue the work, but the lack of a few hundred dollars makes it imperative to send the vessel 
to another section where the appropriation may be available, or, if too late in the season, the vessel 
may be laid up or refit when she could work advantageously. · 

The can for a sur\·ey of the mouths of the Yukon River is growing imperative. Tile unusual 
character of the work makes it necessary that a vessel especially built for this purpose be avail­
able, and that many unusual expenses, such as extra pay, subsistence, food, winter quarters, dogs, 
sleds, etc., be provided. 

If the survey of the mouths of the Yukon is to be begun this spring, an appropriation of 
$100 000, to be immediately avaiJable, should be matle by January. If the appropriation is not 
available at once, little or no work will be done on the Yukon during 1898. 

'l'he growiug importance of Alaska, tile large number of lives and the great amount of prop­
erty that are carried through Alaskan waters, seem to warrant immediate action. 

Lieut. Commander H. G. 0. Colb,y, U.S. N., was relieved as Hydrographic Inspector by Hent. 
Commander E. D. Taussig, U.S. N., Oil December 2:~, 18UG. 

The Hydrographic Inspector has endeavored to inspect all the vessels on the working ground, 
with a view of securing more uniform work and to enaule him to recommend with greater intern. 
gcuce the allotments for repairs and party expenses. 

All hydrographic parties were found engaged zealously in prosecuting the work assigned 
them. 

It is recommended that tile classification of the clerk assigned to the Hydrographic Inspector 
uc advanced, as the duties require a knowledge of the forms of both the Treasury and Navy 
Departments. Mr. ,T. H. l{oeth has during the past year, as heretofore, performed these duties to 
the satisfaction of tile Hydrographic Inspector. 

The reports of the ciliefs of the hydrographic and coast pilot divisions are herewith 
forwarded. 

Very respectfully, 

Gen. \.V, w. DUFFIELD, 

E. D. 'l'At:SSIG, 

.lAeutenant·Oommandcr, r. S. N., 
Hydro!lraphic Inspector, Coast and Geodetic Sitney. 

Superfotendcnt lhuted Stcites Cocist and Geodetic Survey. 

REPOWI.' OF THE HYDHOGl{APHIC DIVISION FOH THE FISCAL YBAR ENDING 
JUNE 30, 1897. 

UNITED S'l'A'l'ES 00A8'.l' AND GEODE'l'IC SURVEY, 

Washin{/ton, D. O., June 30, 189i'. 
Sm: I have tile honor to submit the followiug report of the work done by the hydrographic 

division for tile fiscal year endmg June 30, 1897: 
Lieut. Hugh l{odman, U.S. N., was rn charge untiJ .April 28, 1897, after which Lieut. Glennie 

Tarbox, U.S. N., assumed charge until ll1s detachment June 15, 1897. I took charge Oil reporting 
for duty June 19, 1897. 
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The routine and methods of previous years have been . followed out. The following brief 
synopsis will show the work done by the division: 

Number of drawings and prooft; of charts verilie<l ...... _____ . - -- - - . - . ____ ... _. _ __ _ _ _ _ _ 277 

Number of volumes plotted.·--·-·----·-·-·-----·--···--·---·----- .... ·-----·-·--·.... :308 
Number ofauglesplotteil --·- --·- .......... ---- ·----- ---- ·--· ....... ··-- ---- .... ... : .. 123 202 
Number of soundings I> lotted .. ______ . _. ______ . _ .. ___ ..... ___ .. _ ..... _ . ___ .. __ ... _ _ _ _ _ 436 435 

Number of miles plotted ••.. ---------·--··------------ ...... -·--··----·--- .... ·---·--- 9 244 
Number of sheets plotted. --- . ·--. ___ .. __________ .. _ ---- ·-- _ ---· ........ ---· ·--- ... -- . •Hi 
Number of miscellaneous drawings and trndngs ___ • _____ .. ___ . - .. ____ .. __ ... ____ - - - . - 149 
Number of charts corrected •••. _--· .... ____ -·-_----·-'---· .. ___ . ____ .... _·---·--. ___ --- 5 679 

Besides the above a large amount of miscellaneous work has been done, including revision 
and verification of proofs, charts, and drawings; tracings and projections made and verified; tidal 
data reduced and plotted; comparisons of hydrography and topography, and other work. The 
monthly Notices to Mariners have been kept up an<l promptly published. 

It gives me great pleasure to substantiate the report of the previous fiscal year as to the zeal 
and efficiency of all employees of this division, and it is owing to this zeal and efficiency that the 
division has kept the work up to date. 

The force employed in the division during the year has been composed of Messrs. W. 0. 
Willenbucher, F. C. Donn, and ,J. T. Watkins, draftsmen, and Mr. E. H. Wyvill, chart corrector. 

Mr. Willenbucher, as chief draftsman of the division, has very great and varied duties, all 
being performed with promptness, accuracy, and ability. Mr. Donn and Mr. Watkins 11ave 
executed the work falling to them with efficiency and faithfulness. 

The position Mr. Wyvill fills calls for great skill as a draftsman, knowledge of nautical and 
navigational matters, and chart making and its precedents, both in and out of the office, knowledge 
of the methods employed in the different kinds of work in the field, and great care and vigilance. 
Only long experience and constant application could enable.one to do the work of the office as he 
has performed it. He deserves great praise, and, what is more practical, more pay. As hi;;; duties 
are more important than those falling to the other correctors in the office, I would earnestly recom­
mend that a special rating, as recommended in the last report, carrying with it commensurate pay, 
be created for him, or if this can not be done, that he be promoted to the first vacant clerkship. 

For the same reasons as given in last report, I would earnestly urge that the salary of Mr. 
Watkins be increased to $1 200. 

Very respectfully, .T. c. GILLMORE, 
Lieutenant, U. S. N., Chief of Hydrographic Division. 

Lieut. Commander E. D. TAUSSIG, U.S. N., 
Hydrographic In.<lpector, Coast and Geodetic Sun:ey. 

REPORT OF THE COAST PILOT PARTY FOR THE Ii'ISCAL YEAR BNDING JU:N'E 
30, 1897. 

UNITED STA'l'ES COA8'1' A.ND GEODETIC SURVEY, 
WaRhington, D. C., June 30, 18.97. 

Sm: I have the honor to submit the following report of the coast pilot party for the fiscal 
year ending June 30, 1897: 

Under the general direction of the Superintendent and the supervision of the Tlydrographw 
Inspector, the duties of this party involve the execution of work in the field and in the office. 

At the beginning of the fiscal year the party was engaged in the preparation of manuscript 
for the first edition of United States Coast Pilot, Atlantic Coast, Part VIII, Gulf of Mexico from 
Key West to the Hio Grande. This consisted mainly of incorporating the information obtained 
in the field between February 1 and May 21, 1897, with that obtained by correspondence and from 
other sources. While engaged in this work it was found that an edition of 1 000 copies of a 
supplement to the Coast Pilot, containing the Rules of the Hoad at Sea, etc., had been exhausted, 
and the manuscript for a second edition of this supplement, with some additions, was prepared 
and sent to the printer. An edition of 500 copies was printed, this number being sufficient to 
supply the demand uefore the new Rules of the Road go mto effect. 
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On December 9, 1896, the manuscript for Coast Pilot, Part VIII, was sent to the printer, and 
·the work of preparing supplements, containing all the important changes in Coasts Pilots, Parts 
IV and V, since the date of their publication, was begun. From December 21, 1896, to February 
6, 1897, the party was engaged reading proof for Coast Pilot, Part VIII, and for supplements to 
Parts IV and V. On April 2 Part VIII was ready for issue, having been in the printer's hands 
three and one-fourth months. This shows that there is no real cause why a volume of the Coast 
Pilot should remain iu the printer's hands nine months, and even longer, which has been the case 
with some of the previous volumes, the record being fourteen and one-half months. 

Since February 6 much of the material for a second edition of United States Coast Pilot, 
Atlantic Coast, Part VI, Chesapeake Bay and Tributaries, has been collected, and while waiting 
an opportunity to verify the material and collect later information i11 the field the manuscript 
for a supplement to include the more important changes which have taken place since the pub­
lication of the first edition of this volume (1889) has been prepared and sent to the printer. The 
manuscript for a supplement, containing the new Rules of the Hoad, has also been prepared and 
sent to the printer. . 

The office having arranged to establish ranges on the Atlantic and Pacific coasts of the l7 nitell 
States by which mariners may find the deviations of their compasses, the coast pilot party has 
been charged with tbe selection and establishment of the ranges, when possible, and their publica­
tion after their magnetic bearings have been determined. 

The usual routine work of the party, keeping detailed records of all changes, reported dangers, 
hydrographic examinations, new information available, and other data which may be used in the 
compilation or correction of Coast Pilot volmnes, requires considerable time and constant attention. 

In the general scheme for a Coast Pilot for the .Atlantic Coast, formulated by Lieut. G. 1-l. 
Peters, U. S. N., in 1896 and developed during the years 188G-1888, with the approval of the 
Hydrographic Inspector and of the Superintendent, the coast was laid off in parts, as was thought 
most convenient for the mariner, and with the design of eventually incorporating the several parts 
(abridged, if necessary) in one volume. This plan has been followed, so that the eight parts which 
are now issued, and which cover the Atlantic Coast of the United States from the St. Croix River 
to the Rio Grande, are all alike in construction and scope of subject-matter. 

Since 1893 all volumes of the linited States Coast Pilot, Atlantic Coast, issued from this office 
have been corrected to date of issue, for all important changes that have taken place since their 
publication and which affect the text. Owing to the constantly increasing demand (about 850 
volumes in 189G, and which has reached 654 volumes during the six months ending June 30, 1897), 
the work of keeping the volumes corrected requires much time and labor. It has been found that 
after a volume has been in print four years the corrections become so numerous, due to changes in 
hydrography, topography, and aids to navigation, that the volume loses both in appearance and 
usefulness. To partly overcome this, editions.of 600 copies are now printed, but some of the first 
parts issued (notably Part VI, published in 1889, and of which more than 1 500 copies were printed) 
ha,·e now so many corrections, that for purposes of navigation their usefulness is much impaired; 
the general information, however, is st.ill of value to a stranger. 

With regard to the combination of aU parts in one volume, I would say that past experience 
has shown that this part of the original scheme has become impracticable, on account of the later 
decision to keep the volumes corrected to date. With the volumes now in print as a guide, it is 
safe to say that two years after a Coast Pilot of the Atlantic Coast in one volume was printed, 
there would be 35 to 40 pages of closely typewritten matte1·, or a supplement of 25 to 30 pages, to be 
inserted as corrections. In view of the above, I think it unadvisable to combine the parts as long 
as they are to be kept corrected to date. 

The value of a Coast Pilot depends upon its accuracy, and the latter depends on the informa­
tion contained being up to date. To maintain the standard of the Coast Pilot for accuracy, it is 
necessary to verify all information already collected, whatever its source, and to gather additional 
information (that can be gotten only in this way) in the field. 'rhe compilation of a new edition of 
any volume without its verification in the field would detract g-reatly from the usefulness of the work. 

R.espectfully, GLENNIE TARBOX, 

Lieut.-Commander E. D. TAUSSIG, U. S. N., 
Lieutenant, U. 8. N., Chief of Coast Pilot Pm·ty. 

Hydrographic Inspect01·, Coast and Geodet-ic Suri·ey. 
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OFFICE REPORT NO. 3-1897. 

HEPOHT OF Tlrn DISBUI~SING AGENT FOH. THE FISCAL YEAH ENDING JUNE 
30, 1897. 

UNITED STA'l'ES Co.AST AND GEODETIC SVIWEY, 
OFFICE OF THE DISBURSING AGEN'l'7 

"YVashington, D. C., June 30, 18.'Ji'. 

Sm: I have the honor to submit the followiug report of the disbursing office for the fiscal 
year ended .Tune 30, 1897: 

The total disbursements ou adjusted accounts were $387 371·7f>, made from total appropriations 
of $401 370. Some further payments will be made, as a result of contracts entered into during the 
year and not yet completed. 

The aggregate of advances made to chiefs of field parties during the year was $114 -:-87·2!1. 
'.rhe number of bills, vouchers, etc., adjusted and paid during the year was 15 423. 

Additional statistics of the work accomplished during the last year will be found on file in 
this office. • 

The annual report of the expenditures of the United States Coast and Geodetic Survey for 
the fiscal year just euded is being compiled, and will be submitted for transmission to Congress as 
soon as completed, which will be within this calendar year. 

'J'he settlement and payment of all proper accounts in this oflice during the year has been as 
speedy as was consistent with a careful examination aud auditing of the same. 

The accounts audited and paid in this oflice luwe been at once forwarded to the .Auditor for 
the Treasury Department for his action, and it gives me pleasure to report his unvarying prompt­
ness in settling the same. 

The force of this office for the fiscal year has been as follows: Mr. N. G. Henry, confidential 
clerk and cashier; Miss lda 1\1. Peck, typewriter and clerk; Mrs .. Jennie B. Fitcb, clerk. 

Respectfully, yours, 
SCO'.l'T NESBI'.l', JJisbursing A{Jent. 

Gen. W.W. DUFFIELD, 
Superintendent Uwitcd Statex Coast aud Geodetic Sun.•cy. 

EXPENDITURES, COAST AND GEODETIC SUH.VEY, 1897. 

UNITED S'.l'ATES 00AST AND GEODETIC SURVEY, 
OFFICE OF TIIE DISBURSING AGEN'l', 

1Vashington, JJ. G., January 1, 1898. 
Srn,: I have the honor to transmit herewith the annual report of expenditures made by this 

oftice for the fiscal year ending June 30, 1897. 
Uespectfully, yours, Sco'.l'T NESBI'.l', 

JJisbursin{! Agent. 
Dr. HENRY S. PRITCHETT, 

Superintendent l/nited Stutes Ooast and Oeodetic Survey. 
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Statement of tlte e;i.:penclitures of the United States Coast and Geodetic Survey for the .fiscal year 
ending June 30, 18.97. 

[Prepared pursuant. to act apprornd March 3, 1853. l 

SALARIES-PAY OF FIELD OFFICERS. 

I _ --.-Sl-JP:~~l:.~:::'-XP_Du-~:~=-~----·.-.. __ -._-
1

_--_-_____ T_il_n_e_e_m_r_Io_)_'e_d_. _-·_--_-_·_-_-_-_-1~~=-:_\1_::_::~---------i 

I W.W. Duffiel<l .................. ·1 One year .......................... . 

I
I ASSISTAN'rs. I 

Charles A. Schott . . . . . . . . ........ i One year . . . ....................... . 
Aug. F. ,~.odgers ................. ·:· .... do .......................... . 
Otto H. l 1ttmann ....................... do .......................... . 
Andrew Braid ..................... " .... do ..................... . 
A. T. Mosman .......................... llo ..................... . 
Herbert G. Ogden ...................... do ............. . 
Will Ward Duffield .................... do ............................. . 
Erasmus D. Preston .................... do ......................... . 
Cer.has H. Sinclair ..................... do ................... . 
\V1llia111 Eimbeck ...................... do .......... . 
Frank D. Granger ...................... do ............ . 
Frank \Valley Perkins .................. do ........................ . 
J. J. Gilbert.. . . . . . . . . . . . . . . . . . . . . .... llo ........................ . 
Henry L. Marindin ..................... llo ........ . 
John F. Pratt .......................... do ............................. . 
Edmund F. Dickins ............... · ..... do ................. . 
Dallas B. Wainwright .............. ' ..... <lo ............................. . 
Isaac \\'inston .................... · ..... do ......... . 
\\'illiam C. Hodgkins .............. ; ..... do 
Philip A. Welker........... -. .... do 
James B. Baylor .................. • ..... do 
John A. Flemer ........................ do 
Stellman Forney............. . .... do 
John Nelson.......... . .............. do 
Fremont Morse . . . . . . .... do ................. . 
Gershom Bradford . . . . . . . . . . . . . .... llo ............................. . 
Walter R. Fairfield . . . . .... <lo 
\V. Irdng Vinal.'. ............... ! ..... <lo ............................. . 
Charles T. Ianlella ..................... do ................. . 
George R. Putnam . . . . . . . . . . . . . . . . .... do ....................... . 
Henry L. \Vhiting. . . . . . . . . . . . . . . . . Seven months and four days ......... . 
Fn:d. A. Young. . . . . . . . . . . . . . . . . . . One year .. '. ......................... , 
E. B. Latham ......................... .clo . . . . . . . . . . . . . . . . . . . . . ...... 1 

Albert I,. Baldwin ................ ._ ..... do .............................. · 

~l~C~~~ i'.: ~;1~\~r- : : : : : : : : : : : : : : : : : : i: : : : : ;}~ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : · 
George I,. Flower. . . . . . . . . . . . . . . . Ele\·en months ancl ten days ........ . 
Owen B. French ................ ·. Eleven months ... . 
Charles C. Yates................. Three months and twenty-three clays .. '. 

AIDS. 

$5 ooo·oo 

4 ooo·oo 
4 000'00 

3 200'00 
3 000'00 

3 ooo·oo 
3 ()()()'()() 
3 ooo·oo 
2 500·00 
2 500·00 
2 500·00 
2 500·00 
I 586°88 
2 200·00 
2 200·00 
2 200·00 
2 200·00 
2 200'00 
2 2CX)'OO 

2 CXXl'OO 
2 ()()()'()() 

2 ooo·oo 
2 ooo·oo 
2 ooo·oo 
2 ooo·oo 
I 996·17 
I 800'00 
I 800·00 

793·50 
556·52 

I 591 ·84 
955·58 

I 462·30 
I 4<X)'00 

I 387'53 
I 264·48 
l 200'00 
I 131 ·51 
I 094·81 

380·00 

Owen H. French. . . . . . . . . . . . . . . . . One month . . . . . . . . . . . . . . . . . . . . . . . . . . 75 ·So 
Hugh C. Demlon. . . . . . . . . . . . . . . . . One year . . . . . . . . . . . . . . . . . . . . . . . . . . . 895·1 I 
Charles C. Yates................. Eight months and eight days.......... 615·00 
Albert F. Zust..... . . . . . . . . . . . . . . One year . . . . . . . . . . .............. i <)OO'oo 
R. B. Derickson. . . . . . . . . . . . . . . . . . Seven months all(\ thirteen days ...... : 557 ·59 
\Villiam Bowie .................... Three months aml twenty-three days .. ___ 285·~1 

Expenditures................................................. 89 129·62 

Appropriation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ' <j<) 400·00 1 

... Expen~'.::::nded lm;nn<< • . • . ... •• • • • • •. • • •• . . . . . . . . . . . . . . . . • ..• ·~· ~::_:;j 
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Statement of the expenditm·es of the United States Coast and Geodetic Survey, ew.-Co11ti11ued. 

SALAHIES-l'AY OF OFFICE FOIWE, 189i. 

1~ __ --~~---~~~-=~~~'-n __ v_n_id_. ___ _ 'l'itnc e111ployccl. 

·---------·---- ··-·-

I I DISBURSING AGENTS. 

I 
Robert J. Griffin ............. _ ... . 
Scott Nesbit ................. __ .. . 

I G:l<;Nl,RAJ, OFFICE ASSISTANT. 

Eight months and twenty-three days. -I 
Three months and eight days ........ . 

I 
\Valter P. Ramsey ....... _ ..... __ .. 

CHII-:F OF DIVISIO:<I OF LIBRARY I 
AND ARCHIVES. 

One year ......... - ................ ·1 

H. Sidney King .... __ .. _ ....... _. ·i One year ........................... . 

CJ,l>RKS TO SUl'F.RINTHNDl,;NT. I 
George L. Flower ........ _ . _ ..... · 1 

A. H. Bailey ..................... . 
Twenty-one days .................... . 
Eleven months and ten days ......... . 

CLERK TO ASSISTANT IN CHARGlt. ! 
Adelbert B. Simons ..... _ ......... i One year ....................... _ ... . 

' CLERKS. f 

~~~~~ BG.C~~~1~~: : : : : : : : : : : : : : : : . ?.1'.~ d~a·r· : : : : : : : : : : : : : : : : : : : : : : : : : : : : ! 
John H. Smoot. ....... _ ..... _ ......... do . _ ............................ 1 

William C. Maupin ....... _ ........ 

1 

..... do ............................. -! 
Artemas Martin ........................ do ............................ . 
Eugene B. \Vills ... _ ................... do . . . . . . . . . . . . . . . . . . . ........ . 
Freeman R. Green .... _ ..... _ ..... i .. _ .. do ...... _ . . . . . . . .......... [ 
Frank \V. Edmonds .......... _ ... ·1· .... do ............................. _ 
J. Henry Roeth ..................... _ .. do ............................. . 
Asa G. Randall .............. _ .... __ ... <lo .... - - ....................... . 
Sophie S. Hein ....... _ ................ do ............................ _. 
Jennie H. Fitch ..... _ .. _..... . .. _.do ............................. . 
Alice G. Reville . . . . . . . . . . . . . . . .... do . . . . . . . . . . . . ... - ..... __ .... . 

CHART CORRECTORS. 

Edward H. \Vyvill . . . . . . . . . . . . . . . . One year ..... - . - .................. . 
Ida M. Peck .......................... do .......................... _ .. 
Henry R. Garland ....... __ .......... .'.do ...................... . 
Archie Upperman ................. 

1 
••••• do ............................ . 

Mary L. Handlan ..... _ .......... ·1· .... do ....... - . - ................ · · · · 

WRITERS. 

Lily A. Mapes ........ _ ........ _ .. 'I One year ....... - ............ . 
Virgini~ Harrison .. _ ........... _ ....... do .......... ~ .................. . 
Kate Lawn ............................ do . - ....... - ................... . 
Deane S. Bliss . _ . __ ...... _ ...... _ ..... do ... _ .......................... ' 
llfarie L. Fout . . . . . . . . . . . . . . . . . . . . .... do ....... - . - ..... · · · · · · · · - · · · · · · i 
Hetty S. Graves. __ .... . . . . . . . . . . . . Sevenmonths .......... - ... - ....... · 1 

Edw. F. Lopez... . . . . . . . . . . . . . . . . One year ...... - - ... - ......... - ..... . 
A. H. Bailey ........... _ .... _.. . . . Twenty-one days .................... . 
Joseph M. Morgan ...... __ ........ Three months ....................... . 
James :\1. Griffin .................. Five months and twentv-three davs .. . 
Fam.1ie I. Matthews .............. ·' \ Four months and nine (lays ..... : .... . 
Damel Hurley .................... Four months and eleven days ....... . 
Buford Lynch .................... ! Seven months and ten days .......... . 

DRAFTSMEN. 

Eel win H. Fowler ................. i One year ................ - ........ _· ·. -. j_ 

Henry Lindenkohl ................ j ••••• do ................ - · · 
Adolph Lindenkohl ............... i ..... do ...... · - · · · · · · · · · · · · · · · · · · · · · 1[ 

Wilham C. \Villenbucher ............... c!o ................ · ............ . 
Ferdinand \Vestdahl ................... clo .............................. I 
Ernest J. Sommer ...................... do .............................. I 
Frank C. Donn ........................ do ............... · · · · · ......... -I 
David M. Hildreth ..................... do ............................. ' 
Charles H. Deetz .................. i ..... do .............................. I 
Edmund P. Ellis ................ -I· .... do ............................ ·1 
Charles Mahon .................... I ....• do ............................. . 
Paul Erichsen ..... ._ ............... ; ..... do ............................. ., 

Amoun~ 
I 

s1 583·23 I 
598·84 

1 800·00 

I Soo·oo 

68·48 
I r31·51 

1 ooo·oo 

64]"76 
650·00 

I 400·00 
400·00 
400·00 

I 200°00 
200·00 
200·00 

I 200·00 
19674 
ooo·oo 
()()()"00 
ooo·oo 

I 200°00 
I 200°00 

900·00 
720·00 
720·00 

°9="00 
900·22 
Soo·oo 
7w·22 
720·00 
452 ·oo 
720·00 

41·09 
230·92 
316°CXJ 
260·00 
21I 0 1 I 

358·54 

2 033·00 
2 200·00 
2 36roo 
2 ooo·oo 

8oo·oo 
&xrno 
Soo·oo 
400·00 

I 400·00 
I 200"00 

ooo·oo 
ooo·oo 
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Statement of the expenditures of the United States Coast a.nd Geodetic S11rvey, etc.-Continued. 

SALARIES-PAY OF OFFICE FOHCE, 1897. 

r---· 
I 

To whom paid. 

- -- DR~~-~,:~1::=~~1:tinue~. 
.I__ Titnc etnploycd. 

John T. 'Vatkins..... . . . . . . . . . . . . . One year .......................... . 
Claude V. Martin ........ .'. . . . . . . . Three months and fourteen days .... . 
Harlow Bacon . . . . . . . . . . . . . . . . . . . . Five months and sixteen days ...... . 

CO:iliPUTERS. 

Edward H. Courtenay .............. 0. ·n·e· y
0
ea·r· ......... · .· .· ....... · .· ....... · .· .· .· .. .. .. . .. . 

Myrick H. Doolittle............... d 
John B. Boutelle . . . . . . . . . . . . . . . . . . . ... do ............................ . 
Leland P. Shidy ....................... do ... : . . . . . . . . . . . . . . . . . . ..... . 
Frank M. Little. . . . . . . . . . . . . . . . . . . ... do ............................ . 
Daniel L. Hazard.................. . .. do ............................ . 
Rollin A. Harris ....................... do ............................ . 
Charles H. Kummell . . . . . . . . . . . . . Nine months and seventeen days ..... I 
Harry F. Flynn . . . . . . . . . . . . . . . . . . . One year ............................ I 

~~~:~~i;\t~ ci~;,·::: : : : : : : : : : : : : : : : : : : : : : ~~ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : I 
COPPERPJ,ATE ENG RA vims. I 

William A. Thompson ............ One year ............................ i 
Hi;n:y M. Knigl!t ...................... do ...................... · · · · · · · ·i 
'V1lham H. Davis ................ ·'· .... do ............................ .. 
Edward H. Sipe ................... ! ..... do .............................. J 

'Villiam F. l'eaborly ............... ' ..... do .............................. ! 
Henry L. 'l'hompson ............... 1 

• •••• do · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 1 
William A. Van Doren ............ j ..... do . . . . . . . . . . . . . ................ . 
Alfred H. Sefton .................. , ..... do .............................. 

1

. 
Peter H. Geddes . . . . . . . . . . . . . ... ·I· .... do ............................. . 
Harry R. McCabe ................. I ..... do .............................. , 
\Villiam McKenzie ................ 1 ••••• do · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 1 

George Hergesheimer ............. 1 ••••• do ............................. . 
Frank G. 'Vurdemann .................. do ............................... 

1 

'Villiam H. Holmes . . . . . . . . . . . . . . . Nine months and fourteen clays ...... . 
Hugo Franke . . . . . . . . . . . . . . . . . . . . . Seven months and twenty-seven days .. 

1 Rowland H. Ford . . . . . . . . . . . . . . . . . One year ............................ · 

ELEC'l'ROTYPER AND PHOTOGRA-
PHER. 

Louis l'. Keyser. . . . . . . . . . . . . . . . . . . One yeai· ........................... . 

ASSISTANT ELHCTROTYPER AND 
PHOTOGRAI'HER. 

Roy Thomas... . . . . . . . . . . . . . . . . . . . One year . . . . . . . . . . . . .............. . 

PLATE PRINTERS. 

D. N. Hoover . . . . . . . . . . . . . . . . . . . . One year ........................... ·\ 
Charles J. Harlow ....................... do ............................. . 
Eberhard Fordan ................. · ..... do ............................. . 
• ·1 ' d 

~~r;;:r;i~~~~v·f~~d·:: : : : : : : : : : : : : : 1 · T~;; n~o;1ti1:~· ~;1;l· ~igl~t ·d~y~: : : : : : : : : : . 
James L. Smith ................... i One year ........................... . 
Frank C. Gohre ................... j Twenty-six days .................... . 

PLATE PRINTHRS' HliLPHRS. : 

Charles F. Locraft ................. i One year ........................... . 
Louis J,. Williams ................ ·I· .... do ............................. . 
Paul Dexter ...................... ,. .... do ............................. . 
Frank C. Goh re ................... I Eleven months and four da vs. . . . ... . 
'Villiam M. Conn .................. i One year ................. · .......... . 
Charles Buckingham .............. ; ..... do . . . . . . . . . . . . . ............... . 

INSTRU:lmN'r :\IAKl(RS. i 

Ernest G. Fischer ................. I One year ........................... . 
Clement Jacomini. ............... .: ..... do ............................. . 
'Villiam R. Whitman .............. ' ...... do .............................. 

1 
Stephen A. Kearney .............. ·I Nme months ........................ ' 
Clarence E. Regennas ............. , Nine months and twenty-six days ..... i 
l\I. La uxmann ................... · 1 One year ........................... · 1 

Joseph A. Clark....... . . . . . . . . . . . . T\VO months and nineteen days ...... . 
Thos. A. Gibson. . . . . . . . . . . . . . . . . . . One month an<l fifteen days ........... , 

A111ou11t. 

j;cpYOO 
259·24 
412·50 

2 ooo·oo 
2 ooo·oo 
I 6oo·oo 
I 6oo·oo 
I 6oo·oo 
l 398·10 
I 400·00 

956·04 
200·00 
005·52 
<)89·13 

2 ooo·oo 
2 ooo·oo 

800·00 
Soo·oo 
597"83 
6oo·oo 

I 389·71 
198·37 
168·41 
993·24 
979·59 
900·00 
900·00 
711·68 
591·83 
494·85 

1 &xroo 

6oo·oo 
ooo·oo 
ooo·oo 
ooo·oo 
853·40 

r ooo·oo 
71·70 

700·00 
662·91 
698·10 
628·03 
658·15 
700·00 

r Socn10 
I 200"<JO 
r ooo·oo 

750·00 
821·43 
923·92 
19]"78 
I I I ·29 
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Statement <~l the e.rpenditures of the United States Coast and Geodetic Survey, etc.-Continucd. 

SALARIES-PAY 01" OFFICE FORCE, 1897. 

j __________ ~r~-~-~~1:_ 1~:~~·-------~~-------, _-__ -___ ---~fitne ~~~~~:·ed.---------____ A_u1ou1~~· --1 
CARPENTERS. I 

Horace 0. French. . . . . . . . . . . . . . . . . One year . . . . . . . . . . . . . . . . . . . f,1 200·00 
George \V. Clar\'oe ..................... do .............................. J I ooo·cxl 
Charles N. Darnall ..................... do .............................. 

1 

917·86 

ENGINEER. I J 

P. J. ?t-lullen ....................... f One year ............................ I 
WATCHME~. 

David Parker... . . . . . . . . . One year ........................... . 
John \V. Drum .. _ ...................... do ............................. . 
J. A. Dorsey. . . . . . ................. <lo ............................. . 

F!REil!A~. 

Horace Dyer. . . . . . . . . . . . . . . . . . . . . . One year .................... . 

:llESSENGHRS. 

Edw. D. Scott. . . . . . . . . . .. 
1 

One year ......................... . 
Charles O\·er ... _ .................. · ..... do ............... · · · · . . . . . . . . 

1 Charles II. Jones .................. I ..... do ............. - .......... - . ·I 
\Villiam R. McLane ............... 1 ••••• do ........................... . 
Vicente Denis...... . ................. <lo ..................... . 
Thomas McGoincs ..................... do .. _ ............ . 
John \V. Recd.... . . . . . . . . . . . . . . . . . .. .rlo ..................... _ 
George Xewman ................. _ ..... tlo ................. - ........... . 
John W. Miner ................... __ .... do ............ _ .............. ·: 
John \V. Hunter ................... I ..... tlo ............................. ., 
Willi~m H. Rt~tlcr ................. j. ·::.do ..... · .... ····.········.····· ·I 
Dcmns f-· \\'h __ 1t~ .................. 

1 
::..; me months an cl elc\·en days ......... , 

Owen I~. :\Ici\c1lle . . . . . . . ........ i One year ....... _ ................... · 1 

J'ACKEI< ,\!';!) FO!,DER. 

Attrell Richardson ........ - ....... I One year · · · · · · · .. · · ·. · · · · · · · · - · · ···I 
I.AIJORER8. 

1 ooo·oo 

88o·oo 
880·00 
820·00 

880·00 
820·00 
820·00 
820·00 
820·00 
82o·cxi 
/CXJ"OO 
700·00 
640·00 
640·00 
640·00 
429·12 
550·00 

, I 
J. H. Brown............ . ...... / One year ............................ : 630·00 
Baylor Crntchfielcl. . . . . . . . _ . _ .... I Ten months and twenty-one days .... · 1 56<y;5 
Frank Thomas ........ _. . ...... ·J One month and four days............. 6<r55 
I-lans Bowdwin . . . . . . . . . ....... 

1 

One year ............................ 

1

. 550·00 
Hoston Brown ........... _ . . .......... do . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 550·00 
Jos. A. \Villiamson... . ..... -I One month ancl twenty-six days ....... : 86·10 

Z?l:~i~~ ~~~;;~-~)::::: • •::::::::: l ~.1'.~l~a·r·::::::::::::::::::::::::::: :i __ ~~f~ 
Expenditures ..... . .....••.••..........................•.... •i '33 56y57 I 

135 r70·00 
133 563·57 

Appropriation ............. . 
Expenditures ......................................... . i 

- ... ·I 

U nexpendecl balance ........................... . l 6<l6·43 

ltECAl'ITTJLATION. 

---- -- - ---------
---~ 

Pay of field officers............................. . . . . . . . . . . . . . . . . . . . . J 89 129·62 
Pay of office force . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . ...... 1~ 563 -~ 

Expenditures ..................................................... 1 222 69y r9 [ 
1----

Total sum appropriated for s~larics ...................... _ .. _ . _ ..... _ ..... • 225 570·00 1 

Total sum expended for salaries .......................................... : 222 693·19 

F nexpenclecl balance ..... 
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~t<itement of th<' expenditure.~ of the United Sta.te.~ Coast and Geodetfo Sun1ey, etc.-Cont.inue1l. 

PARTY EXPENSES, 1897 . 

• \TI.ANTIC COAST. 

~-----·-----------· I 
To whon1 paid. On ·what account. 

·-- ·----·--- -- --· ... ·-------1-----··-----" 
I 
I. 
i A<lams Express Co . . . . . . . . . . . . . . . Transportation ....................... , 

A11~2:--I 
J. B. Baylor ............................ do . . . . . . . . . . . . ................ i 
A. Dunlap, li. S. N... . . . . . . . . . . . . . H:>;drograp.hy, steamer Blake ........ ·I 
J. A. Flem er. . . . . . . . . . . . . . . . . . . . . . Tnangulatlon and topography ....... . 
H. F. Flynn..................... Traveling expenses .................. I 
Stehman Forney. . . . . . . . . . . . . . . . . . Triangulation and topography ....... · 1 

George ,V. Knox Express Co.... . . . '!'ransportation ...................... . 
G. C. Hanus, U.S. N. . . . . . . . . . . . . . Hydrography, schooner Eagrc ....... . 
W. C. Ilo<lgkins . . . . . . . . . . . . . . . . . . 'I'opography ........................ ·I 
C. T. Iardella .......................... do ............................. ; 
II. G. Ogden. . . . . . . . . . . . . . . . . . . . . . 'I'riangulation. . . . . . . . . . . . . . . . . . . ... . 
Robert G. Peck, U.S. N .......... Hydrography, steamer Bache ........ . 
Philadelphia, 'Vilmington an<I Bal- Transportation ...................... . 

timore R. R. Co. 

584·51 
5 567·75 
2 203·35 

31 ·o6 
3 112"79 

yo8 
3 o64"85 

701 ·09 
I 752 ·24 
2 326·02 
2 561·47 

l '21 

Stephenson's Express ............ . . . . . . do.............................. 1·49 
E. H. Tillman, U.S. N. .. . 
l'. S. Revenue-Cutter Service .. . 
,V. Irving Vin<·! .................. . 
D. B. Wainwright. ............... . 
J. T. Watkins ................... . 

Hydrography, schooner Matchless .... '

1 

990·16 
Flags and bunting.,................. 126·17 
Topography , . . . . . . . . . . . . . . . . . . . . . . . . 614 ·22 
Tnagu.lation and topo1,rraphy .......... 1

1 

2 184·&-J 
Travelmg expenses................... 32·70 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1-~6 862·56 Expenditures .... 
·==-:..:.==: 

Appropriation ..................... . 
Add 10 per cent from Pacific coast .. . : .:: : :: : : : :: : : : :: : : : : : :: : ::::: ::J 

i . ......................... ·I Expernlitures .................. . 

Uncxpen<lc<l ha lance ..... 

··- -------··---------- -- ·-------· 

<it:LF COAST, ETC. 

To ,-..·horn paid. Ott what account.· 

1---- -·--------------

' 
Charles Alexander . . . . . . . I Stores for schooner Transit ... . 
W. B. Fairfield . . . . . . . . . . . . . . . . . . . . Triangulation ........................ , 
A. Genies & Bro ................. Stores for schoon<:>r Quick ............ : 
F. \Valley Perkins........... Storage ............................. . 
U.S. Revenue-Cutter Service.... . . . Flags: ................... . 
P.A. 'Vclker. . . . . . . . Con.1bined operations. 

25 ()()()"()() 
2 oco·oo 

27 ooo·oo ; 
26 l->62·50 

.\111ou11t. 

$194·70 I 
I 520·01 

25y23 1. 

42·00 
2·86 1· 

4 074·31 
,--------, 
. 6 o..'17· I I I 

43 ·oo 
Amount disbursed ............................ . 

Railroad accounts referred for settlement .............. . 

-Expencliturcs .................................. . ......... : 6-~30·11 I 

Appropriation .......................................................... J--7-8oo·oo I 
I~css 5 P.er cent transferred to leveling ..................... · . . . $390·00 I ; 
Expenditures. . . . . . . . . . . . . .. . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. . . 6 l 'O' 11 ! 

~- ~ o_J=-'. :;;.:; I Cnexpemled balance ....... . 
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Statement of the expenditure.; of tlte United States Coa.~t and (}eodetic Sur·vey, etc.-Oontiuue<l. 

!'ARTY EXl'ENSES-Continuetl. 

OFFSHOHE womc, J>TC. 

1~0 whont paid. I On what account. Atnount. ----··---·----·---1- ________ .. _, ,- --·-
\V. S. Benson, U. S. N ............. ; Hydrography, steamer Endeavor ...... 1 $259·46 

~.~r.n~~~~~'.\;~s~i·i'::::::::::::: :!: : : : :~~::::::::::::::::::::::::::::: :i 3 ~ft~:~~ 
Robert G. Peck, U.S. N ........... 1 Hydrography, steamer Bache ......... : l 265·67 
U. S. Revenue-Cutter Service ...... ! Flags... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 ·75 

Expenditures ..................................................... . 5 468·11 

Appropriation ...................................... . 5 ooo·oo 
Add rn pet cent from tides, etc ...... . I 500'00 .......... 1---

5 500·00 
Expenditures ..................... . ..... ' ........................ '1-~6~1 

Unexpen<led balance. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31 ·89 
I --- ·----·. ---·--------· ·- ----·--··-

PA CU' IC CO.AST. 
-·- -- ---·------r-- --~--~owh:,::_i:~~~---- .. : ________ =_,~·hnt-~~-co_u.~tt_. __ . ____ I~~ 

E. F. D1ck111s .................... · 1 Triangulation. . . . . . . . . . . . . . . . . . . . . . . $2 9ro·o6 
J. J. Gilbert ....................... Triangulation and topography........ 859·58 
J.M. Helm, U.S. N ............... Hydrography, steamer McArthur..... 1 762·19 
A. P. Osborn, U.S. N .............. 1 Ilydrography, steamer Gedney....... 4 295·42 
J. F. Pratt ........................ : Storage............................. 42·00 
Aug. F. Rodgers .................. ! Triangulation an<l topography........ 3 273'98 
James H Sears U S N I' Hydrography, steamer McArthur..... 3 688·29 
l.T. S. Rev. enue-C\11t

0

t,er. Se
0

r\ . .'1·c· .. ~ .· .· ·. ·. ·. ·. ·., d b · 28 · ::2 . ~ Flags an untmg. . . . . . . . . . . . . . . . . . . . v 

Amount disbursed ................................................ . 
Railroad accounts referred for settlement ................................. .. 

Expenditures ... ' . ' ' ' .................. · '==1=6=9=4=3=·8=2=1 

Appropriation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....................... ! 
Less ro :per cent transferred to Atlantic coast .................... $2 ooo·oo 

20 ooo·oo 

Expenchtures..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 943'82 . 
18 943·82 ----- ; 

'--------
i 

Unc-~e~1<le<~-hnlancc .............................................. ·1 _ 

,\LASKA. 

·-------··- ·-- -----------
~ro whon1 paid. 

------- _____ o_n_wha~:~counL .. __ _ I· __ -·~'~•:ttnt. 
'l'ransportation ....................... 

1 
$7'98 

Stores for steamer Patterson ........... i 29·88 

i 
Adams Express Co ............... .. 
Bureau of Equipment, :Navy De- I 

partment. 
Will \Va rd Duffield .... , . . . . . . . . . . . Combined operations ................ · 1' 2 293 ·S2 
W. \V. Duffie!O. . . . . . . . . . . . . . . . . . . . Commutation . . . . . . . . . . . . . . . . . . . . . . . . IOS'OO 
E. K. Moore, U. S. N . . . . . . . . . . . . . Hydrography, steamer Patterson . . . . . . IO 022·78 
Fremont Morse . . . . . . . . . . . . . . . . . . . Longitudes .......................... 1 877 ·42 
U.S. Revenue-Cutter Service ...... , Flags ............................... ·1' 12 ·50 

Amount disbursed................................................. 13 349·38 
Railroad accounts referred for settlement .................................. ; 'I 13 ·25 

!----
Expenditures ............... ,.,., .................................. J 13 462·63 

t~J.:r~];~!~t~~~t t~~1;~£~;r~~· t~ 0 tr~;;s·c~·~ti;1~;;t~·1 ·~~>~k·:.:::::::::: ... i75'a'-~ ·I' 15 
ooo·oo I 

Less 3 per cent transferred to State surveys. . . . . . . . . . . . . . . . . . . . . ,15o·c10 
Expenditures ........................ · .... ················ · · ~ 462·631--

14 662
.
63 

! 

l:nexpended balance .................. ···· .. · ....... · · ·........... 337'37 I 
I . ....... -------·----·-.. ·-----·-"·-"---·· ---- _J 
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Statement of the expenditures of the United States Go1rnt and Geodetic Survey, ete.-Uontiuued. 

PAHTY EXPENtiES-Continuod. 

TIDES. ET<\ 

--- --- ~~ 1'::11:'.~1:'.'.~---=----~----(-'" "~:::,..... . ... """""~] 
G. C. Hanus, U.S. N .............. Tidal observations, schooner Eagre.... $150·00 
George W" K1_1ox Express ......... , Transportatio~l. _ . . . . . . . . . . . . . . . . . . . . . 4 ·SS 
H. L. l\fanndm ................... , \Vashmgton tidal _ . . . . . . . . . . . . . . . . . . . 4 ·25 
1'~. K. Moore, U. S. I\' . . . . . . . . . . . . . Tidal ob~erv~tions, steamer Patterson .. , 301 ·62 
H. G. Ogden ...................... Fernandma tidal..................... 8571 
J. F. Pratt. .. _ ............... _ .... · Reedy Islan<l tidal ............... _ .. ·'1 99·12 
Aug. F .. Rodgers .................. ' Sausa!ito tida! . . . . . . . . . . . . . . . . . . . . . . . I 033·73 
L. P. Sl11dy ....................... ! Washmgton tidal .................... , 11 ·83 
J. G. Spaulding ................... ' Fort Hamilton tidal ................. · J 1 032·63 
B. H. Tillman, C". S. N ........... ·I Tidal observations, schooner Matchless. 6o472 
0. H. Tittman11 ................... 

1 

Fort Hamilton tidal. ................ · 1 30·79 
U.S. Revenue-Cutter Service ...... Flags.......... . . . . . . . . . . . . . . . . . . . . . 19·28 
R. \V. \\'eeks . . . . . . . . . . . . . . . . . . . . . l~?rt Royal an~l Fernandina tidal ...... 

1

. 628·25 
P.A. Welker. . . . . . . . . . . . . . . . . . . . . . 11dal observat10ns... . . . . . . . . . . . . . . . . . 2&:>·94 

-------
Expenditures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 287'75 

-------
Appropriation ........................... · .. · ..... · · · · · ·' · · · · · · · · · · · · · · · 1 5 ooo·oo 
I.,ess 10 per cent transferred to offshore work, etc. . . . . . . . . . . . . . . . $soo·oo 
Expenditures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 287'75 

--- Une:pended lmlm.':.:~.:. ~ .~ .:.~~ ~ ~~ I:=-
4 

::::: i 

COAST l'ILO'l', 1nc. 

-------·- -- -- ·---· --------·· 
I I I 

l-----~~~~1= ~aid.__ _ _ -/-- __ ~1~~~ha~ucco::_t. _ _ _ -1- --~11011~1-t._ ( 

I Robert G. Peck, U. S. N .......... ·J Hydrographic examinations .......... 1 $249·79 [ 
Talbot Pulizzi ..................... , Services ............................ · 1· 900·00 

I Aug. F. Rodgers ................. ·1' Loci~ting reported danger............. 47·35 
John Ross......... . . . . . . . . . . . . . . . Services ............................ ·I 1 500·00 _ 

I 
1---1 Expenditures ...................................................... __ 2_~~7'~-:_ 

I Appropriation ........................................................... 1--3-000·~1 
---1 

I
' Expenditures ............................................................ 

1

- 2 697·14 : 

.. Unexpended balance.~.-~-._._._·... . .......... -~~-·-· ... :i 302·86 : 

::\{AGNETIC~. 

·- ··----------
J'o whoiu paid. On what ncconnt. i-- -- ------ -- ---- ------i-----

Adams Express Co ................ 1 Transportation ....................... 1 $7'90 [ 

An1ouut. 

I 
I 
I 

J.B. Baylor ...................... -I Magnetic observations ................ ' 173·57 
1 

~~,.~; i~~r~·~e·1;~1;::::::::::::::::::i:::::~~~ :::::::::::::::::::::::::::::: 1 ~~:~~ I 

Homer P. Ritter .................. ; ..... do .............................. J 622·82 i 
. ·---i 

Amount d1slmrsed ................................................ · 1 I 481 ·05 · 
Railroad accm'.nts referred for settlement .................................. --~S · 10 

Expenditures ..................................................... · 1 1 589· 15 

~ppropr:iation ......................................................... --1 2 ~~:~ I 
Expend1tures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 589·15 

L '---·1 U nexpemled balance .............................................. · / 410·85 
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Statement of tlw c.rpenditun;.~ <~(the United States Coast an<l Oeo<lctic Surrf?Y, ctc.-Continned. 

!'ARTY EXPEN8EH-Continue<l. 

LEYELING. 
[ ______ , ____ ,,., ____ , __ ,,,_, ____ ··-----.. --, ·--------1 

I To whom paid. Un what account. :- ~=:'~ --1 

I 
Isaac \Vinston , .................. , Precise }e,·eling, . , . , , ........ i $2 635·99 I 

Railroacl accounts referred for settlement., ..... ,, ......... , ............. ·; 58·93 
Amount <lisbursed . , .................... , .. , · · · · · ...... ·I 2 635 ·99 I 

1-------
Expenditures ..... , , . . . . . . . . . , , , , , , .. , · ........ ' 2 694·~

1 Appropriation ..... , . . , , , , ..... , ........ I 2 500·00 , 
Adel 5 per cent from Gulf coast, etc .. , , . , .............. : 390·00 i 

Expenditures 

l: nexpemled balance .. 

To whom paid. 

Adams Express Co . , , , , , ...... , 
A. L. Baldwin ....... . 
John Barlow .................... . 
George A. Fairfiel<I . , , ....... . 
Walter B. Fairfielcl .... , .. . 
George \\'. Knox Express Co . , , 
F. D. Gral1ger .......... . 
'fhomas Hughes . , ... , . , .. , , . , , .. 
A. T. :\fosman ..... , 
F. \Valley Perkins .. 
P.A. Welker ...... . 

Amount clislmrsed .. , . 

;1--2 Sgo·~I 
.......... , 2 694 ·62 I 

·-------, 
' ........ ~~~~-~: ______ 195·08 _i 

:-iTATE :-il:H\'EY:-i. 

On whnt account. Atnonnt. 

,, 1-·--
I 

Transportation, ..... , , 
Base measurement . , , , : : : : : : :_ : __ :,· _: ... J,i 

1:ast~1rage ......... , . 
Services ........... , , ..... , 
Triangulation . . . . . , .... , .... . 
Transportation ............ , .......... , 
Reeon naissance ....... , .... , 
Storage ...... , .. . 

$4·05 
972· 23 
421·20 I 
400·00 1· 536·92 

23'53 
3 616·19 

Triangulation ......... . 
. .... do .... ' '' .... ' . '' 5 619·75 

.,. .... <lo. 

22~:~ I! 

'. ' ... ·1 447' 14 ' 

Railroarl accounts rl'frrred for sl'ttle111e11t. 
'. -1--1-2 272·;-! 
'.. 99·02 

-------
ExpeIHlitures '. ·[ __ 12 371·74 

Appropriation ......... , 
Add 3 per cent from Alaska 

12 ooo·oo 
. 450·00 
1----

linexpe1ulecl ha Janel·. 

i I 2 ,j50·00 

.. .......... , 12 371·74 I 
,-------

.' ' .. ' ... ' ' ..... i 78·26 : 

gxpeIHlitures . . . . . . . ... 

t;JtA \'l'l'Y, ETC. 

- ·- ------

Amount. I 

Tents ........ , $66·95 I 
Longitucles . . . . . . . . 755·96 I 

To who111 paicl. on what accouut. 

l\'l. G. Copeland & Co. 
A. T. Mosman .... , . , , ......... , 
C. II. Sinclair .... , .. , .I ..... do ................ , ......... , ... ·j I 173·82 

,-------·1 
Expenditures .............. ,,.,,., ·············j 1 996·73 I 

Appropriation . . . . . . , . . . . . . . . . . . . . . 2 500·00 ! 
Expenditures ... ,., .. , . , , , , ..... , . . . . .. , ... , . . . . , . , , ... ___ 1 996·~1 

--·-- Cnexpenclerl balance ....... , . . . . , , . , .. , ............... , .... , _so3 ·27 _I 
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Statement of the e.rpc11diturcs of the United States Ooast and Geodetic Survey, ctc.-Co11ti11ucd. 

PARTY EXPENSE8-Contin1101l. 

TRAXSCON'l'Dl'E:-:'l'AL WORK. 

I 
'J'o whom paid. I On whnl account, 

- ----------~··-·----·-~--------------·-··- -------- -··-·--:--·---------·----··--·-·· 
A1~ai~1s E~prcss Co ......... , . . . . . Tr'.1nsporta~1on ..................... . 
\V1lha111 Ennbeck...... . . . Tna11gulat10n ...................... . 
F. D. Granger ................ : . . . Base measurement ................. . 
F. \Valley Perkins ...... -.......... · Storage anrl pasturnge .............. . 
U.S. Express Co............... 'fransportation ..................... . 
P. A. Welker ..................... j "friangulatir.n ...................... . 

. Amount disbursed ........................... · · · · · .. · · · · · · · · · · · · · · ·I 
Railroad accounts referred for settlcmcut ............. : .................... , 

Atnount. 

I 
$48·90 I 

4 829·9r 
I o68·45 

44·20 
1 ·95 

I 38o·34 

7 373 '75 
274·78 

d
. t 

Expen 1tures ...... , ......................... , .................... ·i 
===== 

Appropriation.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . 7 ooo·oo 
Add 5 per cent from Alaska ............................................. ·\. __ 750·~ 

! 7 750·00 
Expenditures ............................................................. 'i·--7-6

1

4

0

8

1

:5

4

3

7 

I 
Unexpended balance .............. , , , ....... , ............ , ..... . 

I ---·-' 

NAVY TRAVEL, ETC. 

I 'l'o whom paic!. Ou what nccount. Amount. 

\----=--:- -1----:-------- i 

I 
\V. J. Barnette, U.S. K.. .. · l\11leagc. . . . . .. . . . .. . . . .. . .. . . . .. $73·12 
J.J.Blandin,U.S.N ............... , ..... do .................... , ...... ·1 12·&i 

I 
C. A. Brand, U.S. N; . . . . . . . . . . . . . . I do . 37'92 
H. G. 0. Colby, U.S. N ............ : 1. ·.· · .. · .. · .. _: ;

1
1
0
0 .............. ··: .·· ...... _': : _' _' _' _': : _' _' _' _': : : : : : : : i 833 ·28 

A. Dunlap, U.S. N.......... . . . . . . . . . . . . . . . . . . . 12·8o 
C. T. Forse, U.S. N ................ · ..... do . . . . . . ..... ·I 33 ·76 
G.C. Hanus,U.S.N ............... i ..... do ..... ......... . ....... , 90·56 
J.l\1.Helm,U.S.N ................ i ..... do..... . .............. 284·88 
W. n. Hoggatt, U.S. N ............. ! ••••• do . . . . . . . . . . . . . . . . . . . . . 4 ·96 
M.K.Johnson,U.S.N ............. ' ..... do ............ ............. 45·36 
Hugh Rodman, U.S. N ............ ! ••••• do . . . . . . . . . . . . . . . . . . . . . . . . . 66o·24 
I. K. Seymour, U.S. N .................. do . . . . . . . . . . . . . . . . . ... 

1 
34 ·00 

F.B.Sullivan,U.S.N ................... do..................... 17'12 
P. Symington, U.S. N ............. I ..... 1!0'....... .. . . .. . . .. . . .. 270·56 
E. D. Taussig, U.S. N.. . .. . ....... i ..... do:. . . . . . . . . . . . . .. . .. .. 93'92 
E.H.Tillman, U.S.N ...... , ...... ; ..... do·................... 15·04 
Thomas \Vashington, U.S. N ....... ' ..... do ........ - . - - . . . . . . . 258·56 
Henry A. Wiley, U.S. 1" ................ do 33·52 
H. D. Wilson, U.S. N......... . . .... do ..... ; 18·oS 

Expenditures....... . . . · · · ·. · .j--~:;sl 
Appropi:iation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ......... · 1 3 ooo·oo I 

I 
Expenditures... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . · ·. · · · . ·. · · · · · · · · · · ,-- 2 830·~1 

Unexpended balance ............................................... · 169·52 

'-------------·------------------ ---------- I 

(i584--U 
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Statistics <~l the expenditures of tlw United States Goa.~t and Geodetic Surt'ey, dc.-Coutinued. 

PARTY EXPENSES-Continued. 

OB.TECTS NOT NA:MED. 

To whon1 paid. On what account. 

Charles Alexander . . . . . . . . . . . . . . . . Outfit schooner Spy ................. . 
A. H. Buchanan .................. Transportation ...................... . 
H. T. Bull ........................ Services as shipkeeper. .............. . 
E. A. Davis. . . . . . . . . . . . . . . . . . . . . . . Transportation ...................... . 
\V. \V. Duffield ................... 1 Traveling expenses .................. . 
George \V. Knox Express Co ..... ·I Transportation ...................... . 
A. Ge1·des & Bro . . . . . . . . . . . . . . . . . . Stores for schooner Quick ............ ' 
John Hoodless .................... ! Services as shipkeeper .............. . 
Charles Johnson ................. ·I· .... do ..... · · · · · · · · · · · · · · · · · · · · · · · · · 
Charlotte Jones . . . . . . . . . . . . . . . . . . . Laundry for schooner Spy ........... . 
William C. Kelly ................ ·1 Stores for schooner Spy .............. 

1 Etta Mason. . . . . . . . . . . . . . . . . . . . . . . Laundering field blankets, etc ......... , 
E. K. Moore, U. S. ;:.;- ............. Stores for steamer Hassler ............ ·1 

George Olsen ..................... : Services as shipkeeper ............... . 
A. P. Osborn, U.S. N ............ ·i Transporting party to Guadalupe ls-1 

; land. 

W. S. Osborn ............... · ..... 
1 

SAtsotrraogneo.m0 1:ca .. l0

, • ie0 v0 ~ii~·g·,. 0a 011°d0 

• t. r0 a0 n° s·f·e·r~. \ 
Aug. F. Rodgers ................. . 

ring tidal station. 

A1nouut. 

$roo 
1·30 

76·00 
3·00 

34o·So 
53·67 

153·91 
259·00 
6oo·oo 

6·00 
35·00 

7'45 
15·28 

369·35 
4So·69 

1·50 
l 90! ·35 

Fred'k Springman ................ Drayage ........................... : .• 4·00 
Henry L. \Vhiting . . . . . . . . . . . . . . . . Sale of property and traveling expen-1 48·50 

ses. 
-------

Expenditures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 363·So i 
6 ! 

i~~:~1:i1t~:~~1 : : : : : : : : : : : : : : : : : .·: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4 ~:~ I 

Unexpended balance .............................................. ---1 636·~1 
---------·--'-------· 

HEC.APITU LAT ION. 

[Showini;t expentlituroH in gross hy HulJiterne.J 

Suhitcms. · I An1ount. 
........ _____ _ 

ig~f ii?If ~~ ·'° • • • • • • • • • • .. • • • • • • • • • • • • • • • • • • • • • • • • • • • · • • • • .. • • ... · • • I Alaska ............................................ · · · · . · · · · · · · · · · · · · · · · · i 

t~~~}L WO<k > i 

~bj{c:;~~;~~~~~d:.::::::::::::::: '.:::::::::::::::::::::::::::::::::::: :[ 

$26 862·56 
6 o8]'II 
5 468·11 

16 86o·o4 
13 349·38 
4 287'75 
2 69]'14 
I 481 ·05 
2 635·99 

12 272·72 
l 99673 
7 373'75 
2 830·48 
4 363·So i 

Amount disbursed ................................................. !~ 566·fui 
Railroad accounts referred for settlement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7So·86 l , _______ , 

Expenditures ..................................................... ·I 109 347'47 

Total amount appropriated for party expenses, 1897 ........................ 1 II5 &io·oo 
Total amount expended for party expenses, 1897 ........................... 1~09 34~ 

Unexpended balance ............................................... 
1 

6 452·53 
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Statistics of the expenditures of the United States Coast and Geodetic Sur1Yey, ete.-Continued. 

PARTY EXPENSES-Continued. 

C.:LASSIFICA'l'ION OF EXPENDITURES FOR PARTY EXPENSES, 1&97. 

_______________ o_n_w_~:~:~~~unt~------------~~~=---------------~~====~~,---A-n-1ount. -1 
'.f~~~~r~;1~~~1.:: .. -_:: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 

~Ja~~0~[1~1?: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : · : : : : : : : : : : : : : 
~a';;1~~~fc~::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Geographical positions ................................................... I 
Longitudes in Alaska .................................................... I 
Tidal observations .................................................. _ .... I 
Base 111easure111ents .................. _ ....................... _ .......... . 
Astronomical work and moving Presidio tidal establishment .............. . 
Transporting party to Guadalupe Island ... , .............................. . 

Total 

$33 015·04 
12 629·47 
45 007'05 

2 697'14 
3 095·8o 
I 589·15 
I 996·73 

947'50 
4 287'75 
2 040·68 
I 500·47 

48o·69 

109 347'47 

--------------------------' 

REPAIJ{S OF VESSELS, 18!!7. 

---------------, 
I I 

_______ ?.'o whom paid. 

1 

_ On \~hat account. I ___ Am~~~ 

John A. Berg ...................... Schooner Transit..................... f,6·00 
J. J. Blandin, U.S. N ............... I Steamer Endeavor . . . . .. . . . . . . .. . . . . . I 8o4 · 18 
A. Dunlap, U.S. N ................. i Steamer Blake................. . . . . 1 870·68 
Evening Post Publishing Co ...... ·1 Advertising.......................... 7'35 
Evening Standard ...................... do . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1·33 
C. T. Forse, U.S. X . . . . . . . . . . . . . . . . Steamer Endeavor ............ _... . . . 671·18 

G. C. Hanus, U.S. N ............... Schooner Eagre...................... 4 488·15 
J. J. Gilb~rt ....................... 'I Steamer Fuca............. . . . . . . . . . 109·93 

Hay & Wright .................... Steamer McArthur ................... ' 8o5·42 
J.M. Helm, U.S. N ........... _ ......... do ............................. ·I 3or92 
Charles J. Hendry's Son & Co ........... do ............................. _ 642·99 
Daniel Hill ....................... Schooner Transit ................ _ .... I 169·10 
W. C. Hodgkins ................... Naphtha launch ...................... , 40·43 
G. Kaemmerling, U~ S. N. . . . . . . . . . . Mileage ....................... _ . . . . . 23 ·04 
E. K. Moore, U. S. N . . . . . . . . . . . . . . . Steamer Patterson . . . . . . . . . . . . . . . . . . . 7 oo6·49 
A. P. Osborn, U.S. N .............. _ Steamer Gedney ..................... 1 1 110·26 
Charles Oulliber .................. Schooner Quick ................. _ ... ·1 1 022·30 
Robert G. Peck, U.S. N ........... Steamer Bache....................... 81r84 
James I-I. Sears, U.S. N ............ Steamer McArthur ................... 

1 

170·04 
E. D. Taussig, U. S. X . . . . . . . . . . . . . . :Mileage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 773 ·76 
The Examiner .................... Advertising ................... - . . . . . .. 10·26 
The Telegraph Co ...................... do ............................. ·I 1·52 
E. H. Tillman, U.S. N . . . . . . . . . . . . . Schooner Matchless. . . . . . . . . . . . . . . . . . l I]"OO 
P.A. \Velker ........ , . . . . . . . . . . . . . Schooner Quick and Naphtha launch .. 1 331 ·20 

. 1----
Expend1tures .................................................... ·1 22 3o8·37 

~~~~c:;di~~:~: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :-: : : : : : : 
Unexpended balance ................ . 

25 000'00 
22 308·37 

! 
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ltEPAIRS OL•' VESSELS, 1897-Continued. 

CLASSH'ICATION 01<' EXPENDITURES .FOR REPAIRS OF VESSELS. 

r==- '""'" "'"·=·· -----~~--~----- '""""'.':_ ·~ 
Steamer Bache . . . . . . . . . . . . . . . . . . . . . . _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $81r84 
Steamer Blake. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 870·68 

~~~a~~~~r E~1~~aev~~: : : : '. ·. : : : : '. : : : '. '. : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : I ~ :~~ :~ 
Steamer Fuca ........................................................... · 1ocr93 
Steamer Gedney. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 110·26 
Schooner Matchless... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117'00 
Steamer McArthur.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 926·37 
Steamer Patterson . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 024 · 10 
Schooner Quick . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 198·56 
Schooner Transit ....................................................... : 175·10 
Naphtha launch ...................................................... : 195·37 

L1·1t age of inspecting officers ............................................ 1 796·So 
1---

Total ........................................................ ·: 22 308·37 
' -----

PARTY EXPENSES, 1X97 AND 1898. 

1---- ---~~~':ho::• pai~~- __ : -~~n ,:~~-t ~cc~11nc __ . -- - ,- - -Am:'~,;-- --1 

I 
Isaac Winston .................... i Precise leveling ...................... J $394·91 I 
Appropriation ........................................................... ! 2 ooo·oo 

1 Expenditures ................................... · · · · · · · · · · · · · · · · · ..... ··I 394·9i I 
I Unexpended balance ............................................. _l--1-~~~ 
i. . -··-----·--··--·---··· ' -----

PlJBLISJIING OBSBRV ATIONS, 18!17. 

r--=- ~ =- Tow•mm '""'-----,j Onwh'.'_t_a_c_co_'_"_'L_. -·----·- ,- . -A~~unt~l 
Buford Lynch ..................... i Ser.ices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $57"48 
Ernest Wh itchead ................. i ..... do . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6oo·oo 

Appropriation....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 ooo·oo 
I Expenditures ........................................................... --~7"48 I 
[ Unexpended balance .............................................. ·j 342·52 . 
\_.____ ··---------------

GENElL\L EXPENSES, 18B7. 

I:\S'l'RUllENT:i, INSTRUMENT SHOP, UAHl'ENTER SHOP, DH.A.WING DIVISION, llOOK:i, ::lf.<11'S. CllAR'J.'S, AND 
SUBSCRIPTIONS. 

I- - _ _"' """"' ~"':_ _ - - I o'""~' "'oo""' : A,,,,;,;~;- I 

A. Lietz Co ....................... ! Instruments a1Hl 111strument shop . . . . / $20·00 
A. S. Aloe Co .................... ·J Instrument shop..................... 5·00 
American Journal of Science....... Subscriptions ........................ : 6·00 
D._Appleton & Co ................. J ..... do ............................. ·! 4·58 
\V1lltam Ballantyne & Sons ........ 

1 
Books ............................... 

1 
3·50 

D. Ballauf ........................ 
1 

Instrument shop ..................... ; 3'50 
H. Baumgarten ..... · ............ ·\ Carpenter shop ... ·. · · · · · · ... · ...... ·1 5·75 
Ba~sch & L~mb Optical Co ....... ·~ In~truments......................... 92·3~ 
Ch.tries Becker ................... ·I Instrument an cl carpenter shops. . . . . . . . T68 
Uc;nedict & Burnham Manufactur- .' Instrument shop .................... · \ 55 ·03 

rng Co. I 
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GENEUAL EXPENSES, 1897-Continuerl. 

INSTRl'MEXTS, I:SSTRU~IEN1' SHOP. CARPENTER SHOP. DRAWING DIVISIOX, BOOKS, MAPS. CIIAR'J'S, AND 
SUBSCRIPTIONS-Continued. 

·----·--·-------------------i 
'fo whotu paid. Ou whnt account. 

John Bliss & Co ................... Instruments and charts .............. . 
Blum Bros . . . . . . . . . . . . . . . . . . . . . . . . Instrument shop .................... . 
\Villiam Bond & Son . . . . . . . . . . . . . . Instruments ........................ . 
R.R. Bowker .................... ·1 Subscriptions ....................... . 
Andrew \V. Boyd. . . . . . . . . . . . . . . . . Books ............................... I 

~~g!~1 B&o~fi~~\1~~;~f~~t~0ri;1g. (:; : . i;1~t~1;~1;t~, .. i01;~t~~~-1~;1t .. ~h~p:. -~l;ti · 1'. 

drawing division. 
N. Bunce . . . . . . . . . . . . . . . . . . . . . . . . . Instrument shop ..................... J 

Thomas E. Butler . . . . . . . . . . . . . . . . . Instruments . . . . . . . . . . . . . . . ......... j 
S. C. Chandler . . . . . . . . . . . . . . . . . . . . Books .............................. . 
John Cha till on & Sons . . . . . . . . . . . . Instrument shop ..................... '. 
J. H. Chesley & Co ................ Instruments, instrument and carpen-

ter shops. 
Rufus P. Clark. . . . . . . . . . . . . . . . . . . . Books ............................. . 
Doremus & Just................. . . Instruments ....................... . 
H. C. Easterday................... Instrument shop .................... . 
Eimer & Amend . . . . . . . . . . . . . . . . . . Carpenter shop ..................... . 
Engineering Magazine ........... · 1 Books ............................. . 
George T. Ennis . . . . . . . . . . . . . . . . . . Instrument shop ................... . 
L. E. Farnham .................... Maps .............................. . 
Julien P. Firez.................... Instn1ments ........................ . 
Geological Publishing Co .......... Subscriptions ....................... . 
Z. D. Gilman ...................... Instrument shop and drawing division. 
Grayson & Cain. . . . . . . . . . . . . . . . . . . Carpenter shop ..................... . 
Henry J. Green ................... Instruments ................. · · · · · · · ·1· 
\V. & I,. E. Gurley. . . . . . . . . . . . . . . . . Instruments ........................ . 
Hanlon & Goodman . . . . . . . . . . . . . . Carpenter shop .... · · · · · · · · · · · · · · · · · · 1 

R. M. Harrover. . . . . . . . . . . . . . . . . . . . 1!1stri:men~ s~l?P .................... . 
I,. 0. Hodges... . . . . . . . . . . . . . . . . . . . Drawmg d2v1s1on ................... . 
H. Hoffa... . . . . . . . . . . . . . . . . . . . . . . . Instruments ................... , ..... 

1 H. S. Crocker Co .................. , Books .............................. . 
U. T. Hungerford .................. i Instrument shop ..................... 1 

E. E. Jackson & Co ................ i Carpenter shop ..................... · J 

Jones & Laughlin, Umited.... . . . . Instrument shop ..................... 
1 J.B. Kendall ...................... Instrument and carpenter shops ...... . 

Kennedy & Du Perow. . . . . . . . . . . . . Instrument shop ..................... : 
Keuffel & Esser Co .................... do .............................. 1 

James S. Lambie .................. i Carpenter and instrument shops ..... · 1 

J. Francis Le Baron ............... ! Maps ............................... . 
Lemcke & Buechner .............. ; Books and subscriptions .............. 1 

John I..enz's Sons & Co ............ ' Instrument shop ..................... ! 
Melville Undsay .................. 1

1 

..... do .............................. : 
Loeb Bros ............................ do .............................. i 
Loeb Bros. I..eat~1er Belting Co . . . . . .... do ......... : .. : ................. j 
\V. H. Lowdernulk & Co.......... Books and subscnptwns ............. ·I 
Lowman & Hanford S. & P. Co . . . Maps ............................... . 
A. D. ::VIaclachlan. . . . . . . . . . . . . . . . . Instruments ......................... · 
\Villiam McLeod. . . . . . . . . . . . . . . . . Instrument shop ..................... ' 
Mackall Bros. & Flemer. . . . . . . . . . . .... do ................ '. ..... · · · ... · · [ 
Manhattan Brass Co. . . . . . . . . . . . . .

1 

..... do .............................. . 
F. P. May & Co . . . . . . . . . . . . . . . . . . Carpenter shop ..................... ·: 
McFadden Co . . . . . . . . . . . . . . . . . . . Instrument shop .................... . 
Montgomery & Co . . . . . . . . . . . . . . . . Carpenter shop ...................... : 
\V. B. Moses & Sons ..................... do .............................. . 
Munn & Co ..................... ·I Subscriptions ........................ '. 
N. Murray ............................. do .............................. ' 
Samuel ::\lurset & Son ............. ; Instruments ....................... . 
George F. Muth & Co . . . . . . . . . . . . . Instrument ancl carpenter shops and 

drawing division. 
Ocean Grove Association . . . . . . . . . . :\laps ............................... . 
Charles A. Orth & Co. . . . . . . . . . . . . . Books .............................. . 
John C.Parker ......................... do ............................. . 
\V. A. Pate . . . . . . . . . . . . . . . . . . . . . . . . Carpenter shop .................... . 
E. J. Pullman.... . . . . . . . . . . . . . . . . . Instrument shop ..................... ' 
William Ramsey .................. , Instruments and instrument shop ..... l 
W. P. Ran~sey . . . . . . . . . . . . . . . . . . . . Instrument shop ..................... ,1 

Rand. McNally & Co... . . . . . . . . . . Books ..................... : ........ . 

A1'.1~~11t-1 

$268.30 . 
2"I3 

30·00 
5·00 

25·00 
I'OO 

I97'62 

3·70 
195·64 

IO"OO 
20·00 
8I'24 

43·67 
I '50 

·25 
3·20 
3·00 

203·92 
3·00 

42·50 
3·50 
3·20 

55·20 
228·15 
273·90 

·40 
7'65 
3·00 
1 ·25 
5·00 

I5'95 
6·20 

II ·34 
4·24 
1·50 

4I"25 
103·21 
6o·40 
61·54 

l '05 
·36 

r8·55 
20·9r 

225·9r 
·30 

89·10 
7'00 

6I'6o 
33·00 

·70 
·36 

14'28 
26·11 

7'00 
5·00 

37'50 
I2I.41 

1·50 
3·00 
5·00 
·¢ 

7'84 
140·50 
26·25 
56·25 
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Statement of the expenditures of the Uniterl States Coast and Geodetic S11n1ey, etc.- Continued. 

<;ENERAL EXPENSES, 1897-Continue<l. 

IXSTRU~rnXTS. IXiHR!HrnNT SHOP, CARPENTJ-:1~ SIIOP, DRAWING DIVISION, BOOKS, MAPS, CHARTS, AXll 
SUllSCRlP'l'ION:>-Continued. 

1· 
i______ __ To ~~-m paid. ! On what account. -- ---j--~'.:un'.:__ _ 

I Hugh Reil~y ..................... ·J Instrument and carpenter shops ....... 

1

' $67"55 
, F. J. Reutlinger. _ . . . . . . . . . . . . . . . . . Instmment shop ........ - . . . . . . . . . . . . 44 ·8o 
! E. S. Ritchie & Sons ............. T .... do . . . .. . . . . .. . . . . .. .. . . . . . .. . . .. 228·69 

Aug. F. Rodgers .................. , .. : .. do............................... 20·00 
Rowley & Hermann Co ........... ·1 Carpenter shop....................... r50·00 
Royce & Marean .................. Instrument shop..................... 2·82 
Fred A. Schmidt... . . . . . . . . . . . . . . Instruments, instmment shop, and 31 I ·86 

: drawing division. 
L. H. Schneider's Sons ........... ·J Instrument and carpenter shops._ .... ·1 
Science .... - ...................... Subscriptions ....................... . 
F. T. Scott ............ _ ........... Instrument shop .................. _ .. . 
Seth Th,olllas Clock Co ........... ·I Instruments ........................ . 
Geor~e A. Shehan. . . . . . . . . . . . . . . . . Carpenter shop .... - . . . . . . . . . . . . . . . .. 
M. Silverberg & Co ............... ! Instrument and carpenter shops .. _ ... . 

~h~;l~~l~~n;~;~i-li~_·&· s~;;s· : : : : : : : : I ~~~r:~l~;e-~ts. ~~d· i1;~tr~;l;l~-1;t· ~h~p· : : : : : 
Spon & Chamberlame . . . . . . . . . . . . . Books ...................... - ....... . 
Standard Oil Co ................... Instrument shop .... - ......... _ ..... . 
Gustav E. Stechert ................ [ Books and subscriptions ............. . 
Ormond Stone .................... I Books .............................. . 
Sussfiel<l, Lorsch & Co ........... ·\ Instruments .............. - ... - ..... . 
M. A. Tappan. . . . . . . . . . . . . . . . . . . . . Instrument shop .................... . 
Augustus C. Taylor & Co .......... :. .... do ............................. . 
The Age Of Steel .................. ! Books .............................. . 
The Alfred Ely Co ................ 1 Instrument shop .................... . 
The Carborundum Co ............. I ..... do ......... - ................... . 
The Frank H. Clement Co ........ ·I Instrument and carpenter shops ...... . 
The Maclll illan Co ...... _ . . . . . . . . Books .................... - ......... . 
'fhe Norris Peters Co ....... _ ..... ·1 :Maps._ ............................ . 
The Phosphor Bronze and Smelting Instrument shop .................... . 

Co. 

54·6o 
5·00 
l".50 

143·15 
494·03 

18·48 
I 0 60 
1·85 
1·50 
9·00 

392·89 
2·00 

135·00 
7"50 

57"53 
1·00 

37"04 
18·45 
u·so 
3·00 
3·00 

50·20 

Thomson Stationery Co., I ,imited. · J Maps ..................... _ ...... _ . . . 2 ·oo 
Tice & Lynch ........ _ . . . . . . . . . . . . Instruments . . . . . . . . . . . . . . . . . . . . . . . . . 3 ·oo 
University of Chicago .......... _. · 1 Subscriptions . . . . . . . . . . . . . . . . . . . . . . . . 6·00 
U. S. Naval Institute ................... do ........ __ .............. _. . . . . 3 ·50 
R. M. Van Arsdale ................ 1 ..... do . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2·00 

1

---

Amount disbursed ..................... - ...... _ ............... - . . . . 5 434·45 
Account settled by Auditor for supplies for drawing division .... _ ......... _·! 155·22 

1---
Expenditures .............................. _ .... _ ....... - ... - .... , 5 589·67 

Appropriation .......................................... _ ............... _ J 8 ooo·oo 
Received from U. S. Commission of Fish and Fisheries for instruments fur- J 

uished that commission ....................................... - ........ : 105·30 
Received from U. S. Marine-Hospital Service for work done in the instru- I 

ment shop for that service ............... _ ............................. ·I ___ 18o. ~ 

I 8 286•09 
Expenditures .............................. __ ....... _ ........ _ ........... J 5 589·67 

l _____ Unexpended balance ............ ·· .. · .. ·····················:····· -1~~;-
COPPElt PLATES, CIIART PAPER, PRINTING INK; COPI'ER, ZINC, AND CIIKMICALS FOR ELECTROTYPING AND 

PIIOTOGRAl'HING; ENGRAVING, PIUNTING, PlIOTOGRAPHING, AND ELECTROTYPING S\JPPLIES; EXTRA 
J>NGRAVING AND DRAWING; PlIOTOLITIIOGRAPHING ANO PRINTING l?RO:M STONE AND COl'PER FOR 
IMMEDIATE USE. 

1------·--T-o_w_ho-~-~:: -· . ____ ..... _ .. -----~~·-~~-a_1_n:~~11t. -~:ou11t __ --1 
American Steel and Copper Plate Co. Copper plates . . . . . . . . . . . . . . . . . . . . . . . . $324 ·63 
R. c. Ballantyne ... _ ............. - Ch_axi; paper at~d printing supplies ..... i 3 767"49 '1 

Charles Becker ............. _ . . . . . . Prmtmg suppltes .................. _ .. ! 12 ·6o 
Bureau of Engraving and Printing ...... do ............................. · J 929·00 
\V_ II. Butler ........ : ................. do ............... _........... . . . 2·25 
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Statistics of the expenditures of the United State.~ Coast and Geodetic 81triwy, etc.-Uontmned. 

GENERAL EXPENSES, 1897-Continued. 

CUPPElt l'LATES, CUAltT PAPElt, PRIN1'ING INK; COPPER. ZINC, AND CHE:'tfICALS l•'Olt JU,ECTJ:O'J'Yl'JNU AND 
PIIOTOGltAPHING, ETC.-Continue<l. 

~ro whotn paid. On ·what account. A1nount. 

1----·---------------1---·-- - ---
J. H. Chesley & Co . . . . . . . . . . . . . . . Printing supplies... . . . . . . . . . . . $15·34 
Rufus P. Clarke ................... I ..... do . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 184·53 
Clendenin Bros .................... ' Copper plates....... . . . . . . . . . . . . . . . . . 218·52 
J. B. Colt & Co .................. ·I Photographing supplies ....... - . . . . . . 235·50 
H. C. Easterday .................. , ..... do ......... - . . . . . . . . . . . . . . . . . . . . 25·05 
Eastman Kodak Co .................... do . - ........... - . . . . . . . . . . . . . . . . 6·67 
E. Morrison Paper Co ............. ! Printing and electrotyping supplies . . . 139·52 
J.C. Ergood & Co ............... ·i· .... do ................... - - - . . . . . . . . 3·87 
Gillin Printing Co ................. J Photolithographing ................. . 
z. D. Gilman .............. _ ...... ,' Photographing, printing, electrotyp-

ing, and engraving supplies. 
Andrew B. Graham... . . . . . . . . . . . . . Photolitbographing ...... - - - · · ·. - · - · -1 
R. M. Harrover. . . . . . . . . . . . . . . . . . . Zinc ............................... . 
A. Hoen & Co . . . . . . . . . . . . . . . . . . . . l'hotolithographing ................. . 
Jones & Laughlin, I,imited........ Printing supplies.··········· · · · · - · · · .

1 

Lansburgb & Bro - ..................... do ............................. . 
James B. Lambie ....................... do ............................. . 
Melville Lindsay ................ Photographing, printing, and electro- J 

typing supplies. 
Loeb Bros . . . . . . . . . . . . . . . . . . . . . . . . Printing supplies ..................... i 
Loeb Bros. Leather Belting Co .......... do ................ _· ........ - ... ·1 
Mackall Bros. & Flemer .. _ ... _. . . . Photographing, printing, electrotyp-

ing, and engraving supplies. 
Mackey Print Paper Co....... . . . . . Chai;t paper and photographing sup- J 

{>hes. , 
William S. MacLeo<I __ ......... - - . Pnnting sul?plies . -. - ... - .. - · - · - · - · - · -1· 
A. D. Maclachlan ......... _ ........ Photographic supphes ............... . 
Matthiesen & Hegel er. . . . . . . . . . . . . Zinc ............ _ .................. . 
Robert Meyer & Co . . . . . . . . . . . . . . . Printing supplies ..................... I 
\V. H. Mehler .............. - - ........ - . do .... - . - .... - .... - - · · - - · · - · - · · -I 
Francis Miller ............... _ .... 

1 

Photographing and printing supplies .. 
1 Mount Holly Pa1;1er Co ... _ ......... Ch_ar~ paper ........................ _ .. 

Charles A. Muddnnan ............. J Pr!nt!ng suppltes ...... ; ........ : ..... I 
George F. Muth & Co .. _ ..... _ .... : Pnntmg and electrotypmg suppltes .. · J 

New York Steel and CopperPlateCo.I Copper plates ......... - ............. . 
John C. Parker .. - ................ ·I Chart paper .......................... 

1

1 

E. J. Pullman & Son ............... ; Photographing supplies ............. . 
Do. - ........... - - -· - - ....... - .... do ......... -- .............. -- ... · 

Hugh Reilly ........... _ .......... : Photo$Taphing ~nd printing supplies .. 
Royce & Marean ............. _ ... ·1 Electrical supphes .. _ ............... . 
Fred. A. Schmidt. . . . . . . . . . . . . . . . . . Photographing supplies ........... _ .. 
L. H. Schneider's Son ............. Photographint.I° and printing supplit>s .. 
George A. Shehan ................. : Printing supplies ............ - - . - - . - - ·J 
Shoemaker & Dusch ... _ .......... · i Photographing and electrotyping sup-

. . , t>li~s. . I 
Sta~dard 01! ~<?·_: .... : ... _......... I nntmg supplies ............ - .. _ .... · j 
Stabonery D1v1s1on, 1reasury De- ..... do .............. - . - ............ . 

partment. / 
Aug. C. Taylor & Co. . . . . . . . . . . . . . . Photographing, printing, and cngrav- . 

334·38 
4·00 

169·00 
32·19 
3"73 

·18 
29°88 

71·35 

49·00 
r50 

183•63 
30·00 

2·75 
29·50 
1079 
9·48 
2·oS 

3&J·50 
15·00 

1o8·45 
8•6o 
3"90 

100"37 
u2·30 
15"17 
28·03 

107·70 

79·93 
ing supplies. · 

The Gilling Printing Co. . . . . . . . . . . Photolithographing ............... _ . . 204 ·62 
The Niles Tool Works Co. . . . . . . . . Printing supplies ............... _ . . . . . II· 10 
The Norris Peters Co .............. i Photolithographing.................. 35·00 
The Otto Gas Engine Works ....... I Printing supplies. . . . . . . . . . . . . . . . . . . . . 25·00 
The Peter Adams Paper Co ........ ! Chart paper .......................... 

1 

724 · r 3 
Th<; Str~bri<lge I,ith<;>graph Co .... · j Photolithographing <;o..... . . . . . . . . . . 98r43 
Umted States Electnc Light Co .... Photographmg supplies.............. 6·78 
'fheo. \Vasserbach .................. Engraving supplies .......... - - ..... · J 9·00 
Williams, Brown & Earle .......... : Photographing supplies . . . . . . . . . . . . . . 2·50 

Expenditures .......... -·-- ....................................... 1~ 271·fu 
1======1 

Appropriation ................................. - - - . - - .. - . - . - ... - - ... - - . - . 
Received for charts printe<l for Public Printer ............................ . 

15 500·00 
122"20 

15 622·20 
Expenditures ....................................................... _... 10 271 ·6r I _____ _ 

Unexpended balance - ...... - - .. - ........ - ... - - .. - ........ - .. - - .... ! 5 350·59 
I -----·-----------------------



136 UNITED STATES COAST AND GEODETIC SURVEY. 

Statement of the expenditurfJS of the United Stlltcs Goa.st and Geodetic Suruey, ctc.-Continued. 

GENERAL EXPENSES, 1897-Contiuued. 

l:H'ATIONEI:Y, TRANSPORTATION 01'' INSTUUMENTS AND SUPPLn;s, OFFICE WAGON AND HORSES, 1''UEL, GAS 
TELEGRAMS, ICE, AND WASHING. 

'to whotn paid. on what account. 
. ., ___ _I ____ ., ________ _ 

Adams Express Co ................ 1 Transportation ....................... I 
American Thermometer Co ........ 

1 

Stationery ........................... i 1·50 
William Ballantyne & Sons ............. do .............................. 'I 4 ·63 
H. Baumgarten .................. -;· .... do . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ·90 
J. Baumgarten & Sons ............ ·l· .... do .............................. i S·o6 
Brentano Bros ................... ·I· .... do .............................. i 3 · 10 
Childs & Channon ..................... do ............................. ·i 42·00 
James Connor .................... · 1 Office horse .......................... · 27' 50 
E. Morrison Paper Co ............. Stationery.......................... 232·00 
Gaylor Bros ....................... • ..... do............................. ·75 
Guggenheimer, ·weill & Co ........ 1 ..... do . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11·00 
Independent Ice Co ............... i Ice................................. 170·31 
V. Baldwin Johnson ............... 1 Fuel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 246·00 
Keuffel & Esser Co. . . . . . . . . . . . ... ! Transportation. . . . . . . . . . . . . . . . ' r · 10 

Nanny D. I.,ee .................... 

1

1 Waslnng . . . . . . . . . . . . . . . . . . . . . . . . . . . . 165·86 
Lutz & Co ........................ Office horse................... 12·6o 
Mackey Print Pa_Per Co. . . . . . . . . . . . Transportation. . . . . . . . . . . . . . . . . . . . . . . 2·00 
McDermott Carriage Co .......... · 1' Office wagon. . . . . . . . . . . . . . . . . . . . . . . . . 65 ·oo 
McDennott & Britton. . . . . . . . . . . . . . Stationery . . . . . . . . . . . . . . . . . . . . . . . 22·00 
George F. :Muth & Co ................. do . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41·78 
John C. Parker ........................ do . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45·50 
People's Dispatch Co . . . . . . . . . . . . . Transportation. . . . . . . . . . . . . . . . . . . . . . 3 ·70 
Postal Telegraph Cable Co. . . . . . . . Telegrams. . . . . . . . . . . . . . . . . . . . . . 13 · 14 
C. B. Robinson................... Office horse.......................... 12·00 
Aug. F. Rodgers ......... : . . . . . . . . Stationery and washing . . . . . . . . . . . . . . l 1 ·30 
Fred. A. Schmidt. . . . . . . . . . . . . . . . . Stationery . . . . . . . . . . . . . . . . . . . . . . . . . . . 329.59 
B. F. Shaw...................... Office horse.......................... 251·98 
Smithsonian Institution . . . . . . . . . . . Transportation.. . . . . . . . . . . . . . 136·30 
Stephenson's Express .................. do.............................. 1·50 
The George W. Knox Express Co ....... do .............................. : 5.95 
Tice & Lynch ..................... i .•... do .............................. I 8·89 
Union Typewriter and Supply Co .. : Stationery ........................... ! 2·00 
United States Express Co .......... , Transportation ....................... ~ 40·35 
Washington Gas Light Co ......... 1 Gas ................................. :·----r 270·3o 

1

1 
\Vestern Union Telegraph Co ...... : Telegrams........................... 105·89 
\Vyckoff, Seamans & Benedkt ..... : Stationery . . . . . . . . . . . . . . . . . . . . . . . . ·40 

Amount rlisbursed......................................... 4 365·68 I 
Accounts for stationery settled by Auditor . . . . . . . . . . . . . . . . . 624 ·09 

. 1--4939·;-
Appro1:~~~:::~'.~~e·s·:: ....... : ...... : .. : .. :::: ... · .... :::::::: .. : .... :.:::::.:: ·:: .. ::: :1 6 CXXJ'OO 

Expenditures ........................................ : : ........ · ·.:::.:: ·. ·. ·. ·. ·. ·.1·. 4 989·77 

Unexpended balance. . . . . . . . . . . . . . . . . . . . . . . . . . I 010·23 

- ----·· ----· --------~ 

llfISCELLANEOUS EXPENSES, CONTINGENcrns OF ALL Kl~IJS, OFFICE FL'H:\I'l'lIIm, HEl'AIRS, l'XTRA LABOR, A~I> 
Tl~A YELING EXPENSES (Ol'l<'ICE>. 

f To-wh=~~a~~. ··--·-·--- - ou~ .. ~;1a~ncco~nt. . Atnount. 1-----..... ,_, --- ........... ,_,,___ ... --·-.. ---! 
George F. Muth & Co ............. Conting-encies ........................ i $14·37 Ii 

National Architect and Builder..... Advertising .......................... ! 4 ·40 
Owen Owen .. : . : . . . . . . . . . . . . . . . . . . Contingencies ....................... ·I i8·oo 
George H. Phtlhps ................ Repairs.............................. 12·00 
E. D. Preston. . . . . . . . . . . . . . . . . . . . . Office travel .......................... 1 4 ·25 
\Villiam G. Raymond. . . . . . . . . . . . . . Contingencies ................ · · . · .... ! 3 I ·95 
Hugh Reilly ........................... do .............................. ; 31·40 
Revenue-Cutter Service ................. do ............................. ·[ 12·78 
Aug. F. Rodgers ....................... clo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16·90 
E.G. Schafer & Co ........ ·.·· ......... do ................ · · · · · · · ....... 11 58·37 
L. H. Schneider's Son ............. j ••••• do . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8·10 
S.S. Shedd & Bro ................. ; Repairs .............................. I 6o·oo 



REPORT FOR 1897-PART I. REPOltT OF 'fHE DISBURSING AGENT. 137 

Statement of the expenditures of the United States Coast and Geodetic Survey, ctc.-Continued. 

GENERAL EXPENSES, .1897-Continued. 

MISCELLAXEOUS EXPEXSES, CONTINGENCIES OF AJ.L KINDS, OFFICE FURNITURE, REP.AIRS. EXTRA LA.HOR, AND 
TRA V.ELING EXPENi:lEi:l (OFFICE)-Coutinued. 

• i 
To whom pa1<l. On what account. I 

1------··--·---- _._! 

~hoemakcr & B~sch ............... : Contingencies ........................ [ 
fhomas Somerv1lle & Son ................ do .... - · - · - .... - ...... · · · · · · .. · · [ 
Standard Oil Co ................... : ..... do . . . . . . . . . . . . . . . . . ............ , 

f.. ~ .. 'J:i;l;~~s~n ~~: : : : : : : : : : : : : : : : : i : : : : : ~~ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : . 
The Chesapeake and Potomac Tele- ~ Exchange, rental, and contingencies ... 

phone Co. I 
The C. J. McCubbin Co ............ Repairs ............................. . 
The Evening Star Newspaper Co .. ,:

1 

Advertising ......................... . 
The Julius I,ansl.mrgh Furniture Contingencies ....................... . 

and Carpet Co. 
'.~he Oakley Soap and _Perfumery Co.: ..... do .. : ........................... . 
1 he \Vashmgton Capital ........... ; Adverl!smg ......................... . 
The \Vashington Review ......... · · 1 · · · · ·do · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
The V.'ashington Sentinel. .............. do ............................. . 
The Washington Times Co .............. do ............................. . 
0. H. Tittmann .................. ·I Office travel. ........................ . 
0. H. Towles ...................... Office furniture ...................... . 
Union Typewriter and Supply Co ... ; Contingencies ....................... . 
William Wagner .................. [ ..... ~o ............................. . 
John \Valsh ...................... · Repairs ............................. . 
\Vashington Post Co ............... • Advertising ......................... . 
James P. \Villett .................. I Post-office box rent. ................. . 
\Vilmarth & Edmonston ........... · Contingencies ....................... . 
Wimsatt & Uhler. . . . . . . . . . . . . . . . . Office furnitnre ...................... . 
0. H. \Volfsteiner & Co ............ Contingencies ....................... . 
Wyckoff, Seamans & Benedict..... . ... do ............................. . 
D. Ballauf . . . . . . . . . . . . . . . . . . . . . . . . Repairs . . . . . . . . . . ................. . 
Charles E. Barrick ..................... do ............................. . 
Blum Bros ........................ 

1 

Contingencies ...................... . 
Frank Boyden .......................... do ............................. . 
M. P. Bush ....................... · ..... do ............................. . 
Octav Chanute .................... ! ..... do ............................. . 
J. H. Chesley & Co ............... I ..... do ............................ .. 
Chief Clerk, Treasury Department .. ,, .... do ............................. . 
Rufus P. Clark .................... 

1 

..... do ............................. . 
Walter Y. Clark . . . . . . . . . . . . . . . . . . Extra labor ......................... . 
W. D. Colt . . . . . . . . . . . . . . . . . . . . . . . Contingencies ...................... . 
:\1. G. Copeland & Co ............. ' ..... do ............................. . 
G. G. Cornwell & Sons ........... ·i· .... do ............................. . 
\V. W. Duffield ................... : Office travel ........................ . 
Otto Dukes & Co ................. i Office furniture ..................... . 
J.C. Ergood & Co ................ , Contingencies ...................... . 
Amanda M. Fite .................. 1 ••••• do ............................. . 
R. J. Fondren ................... ·I Extra labor. ........................ . 
Frank Ford ....................... i Contingencies ...................... . 
J; R. Fr~ncis ..................... , ~epa_irs an~ contingencies ........... . 
I• rank Freeman ................... , Cont111genc1cs ...................... . 
Alfred Gilbert .................... ; Extra labor ......................... . 
Z. D. Gilman ..................... · Contingencies ...................... . 
Jennie H. Griffin ...................... do ............................. . 
James Halloran . . . . . . . . . . . . . . . . . . . . .... do ............................. . 
Charles 'f. Halloway .................. do ............................. . 
R. M. Harro\'cr ................... , Repairs and contingencies ........... . 
Henry A. Jones & Co ............. Contingencies ...................... . 
Jordan & Christie ...................... do ............................. . 
Thomas Keely ......................... do ............................. . 
James B. Lambie ....................... do ............................. . 
l,ansburgh & Bro ...................... do ............................. . 
Library Bureau ................... ! Office furniture ..................... . 
::\1elville Lindsay .................. ' Contingencies ...................... . 
Mackall Bros. & Flemer ................ do ............................. . 
William S. Macl,eod . . . . . . . . . . . . . . . .... do ............................. . 
F. P. May & Co ....................... do ............................. . 
John Meehan ..................... Repairs ............................ . 
Ed ward Mill er. . . . . . . . . . . . . . . . . . . . Contingencies ...................... . 
John T. Mockabee .................... ,do . , .......................... . 

Amount. i 

$10·04--1 

18°63 
2°36 

33·00 
34·50 

103·50 

4·71 
13 ·13 
4·50 

18·45 
4·00 
4·So 
7'17 

12°30 
29·75 
37.50 
98·75 

·45 
50·00 
10·90 
20·00 
28·90 

100'00 
15°00 
96.6o 
17'00 

152·90 
l '23 
5·00 
1°80 

-'4'50 
1379 
2r·54 
52·67 

6oo'(>() 

6·00 
s·oo 
2·10 

30·75 
185·00 
39·46 

6·90 
6oo·oo 

5·00 
72·40 
96·25 

48o·oo 
11·50 
12'00 
3·00 

12·00 
205·12 

1·40 
1!'25 
5·00 
1·So 

29·42 
76·00 
17'20 

1·65 
56·98 

·70 
12·00 
12·00 
10·00 



138 UNITED STATES COAST AND GEODETIC SURVEY .. 

Statement of the expenditnres of the United States Coast and Geodetic Snrvey, etc.-01mtinued. 

GENERAL EXPENSES, 1897-Coutinuetl. 

MISCELLANEOUS EXPENSES, CONTINGENCIES OJ<' ALL KINDS, OF.lfICJ~ FURNJTURE, REPAIRS, EXT.HA LABOR, AND 
'.rRA VELING EXl'E~SES, (0Fl'ICE)-Continued. 

~---~~,~~~~-- --· ------o,. w>•< .;""'~'-~===r ~;;=;;-:1 

W. B. Moses & S?ns. . . . . . . . . . . . . . . Contingencies ...................... ·I $486·99 
Charles A. Mudd11nan .................. do ............................. ·' 4·50 

. 1----.-2-
Amount disbursed ................................................. : 4 454 6 

Account settled by Auditor for flags furnished by Revenue-Cutter Service ... ! To6 

Expenditures .................... " . . . . ........................... 1--4-~;-
I Appropriation ............................................................ ' 4 500·00 I I Expenditure, ........................................................... __ 4_461·~1 

Unexpended balance. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38 '68 

----------·- ··-----·-·--

RECAPITULATION. 

[Showing expenditures In gross (by subitema) on account of appropriation for general expenses. 1897.] 

Su bi terns. 

In~~~~~~di~~~~~~~~i~~~;~·- ~~~?~'.:~:_s~I~~·- ~~~~-~'.:~. ~'.~~~~~'.~0.~;~'.1~-~~~~ I $5 434 ·45 
Copper plates, chart paper, printing ink, copper, zinc, and chemicals for l 

electrotyping and photographing; engraving, printing, photo19:aphi11g and i 
electro~yl?ing supplies; extra engraving ~nd dr~wing; photohthographing \ 
and prmtmg from stone and copper for immediate use.................... JO 271·61 

Stationery, transportation of instruments and supplies, office wagon and I 
horses, fuel, gas, telegrams, ice, and washin?,; . . . . . . . . . . . . . . . . . . . . . . . . . 4 365·68 

Miscellaneous expenses, contingencies of all kinds, office furniture, repairs, 
extra labor, and traveling expenses (office)......... . . . . . . . . . . . . . . . . . . . . . 4 454 ·26 

• 'fotal disbursements ........................ , ...................... 1--24 526·;;;;-
Accounts settled by Auditor as shown under each paragraph ................ 1 786·37 I ____ _ 

Total expenditures ............................................... ·I 25 312·37 

Total amount appropriated for general expenses, 1897 ..................... . 
Received from other bureaus as shown under each paragraph ............. . 

34 ooo·oo 
408·29 

Total amount expended for general expenses, 1897 ................ · · · ..... . 
34 408·29 
25 312·37 

Unexpended balance .......................... : ................... . 9 095·92 

--------- -·----'--------
CLASSIFICATION OF EXPENDITUJtES FOR GENERAL EXPENSES. 1897. 

I_ On what account. 

Instruments .............. . 
Instrument shop .......... . 
Carpe_nter ~h_o~J ............ . 
Drawmg d1v1s10n .......... . 
Books .................... . 
Maps ..................... . 
Subscriptions ............. . 
Copper plates ............. . 
Chart paper ............... . 
Zinc ..................... . 
Engraving, printing, photo­
sraphing~ and electrotyp-
mg supphes ............. . 

Photolithographing and 
printing from stone and 
co_pper for immediate use. · j l Stat.10nery ................. 

1 

--~~1=·1-1t_. _j
1 
____ o_n_'_vh_n_1_a_c_co_u_n_1_. ---- --~~nounjt: 

$1 431 ·91 Transportation of instru-
493 ·37 meuts and supplies....... $268·59 
075·o8 Office horse and wagon..... 369·o8 
668·54 Fuel . . . . . . . . . . . . . . . . . . . . . . I 246·00 
734·95 Gas . . . . . . . . . . . . . . . . . . . . . . . 1 270·30 

73·6o Telegrams ....... • .......... i 119·03 
112·22 Ice ........................ 

1 
170·31 

923 ·65 Washing . . . . . . . . . . . . . . . . . . I6]'o6 
4 565·44 :Miscellaneous expenses and 

1 Sr63 contingencies of all kinds. 
Office furniture ........... . 

2 746·74 
Repairs ................... . 
Extra labor . . . . . . ....... . 
Traveling expenses (office) .. 

Total ............... ·! 
I 

I 879·54 
398·50 
438·53 

I 680·00 
64·75 

-------
25 312·37 
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Statoment of the expenditures of the United States Coast and. Geodetic Sun,ey, etc.-Continued. 

SALAIUES-STANDAIW WEIGHTS AND MEASURES, 1897. 

To whmn pnict. Time employed. 

ADJUSTER. 

Louis A. Fischer. . . . . . . . . . . . . . . . . . One year ........................... . 

• MECHANICIAN. 

Otto ·Storm . . . . . . . . . . . . . . . . . . . . . . . One year ........................... . 
I 

'ASS!STA1'T MESSENGER. 

Charles A. Harbaugh ........... , .. 

1 

One year ........................... . 

WATCHMAN. , 
I 

James A. McDowell ............... i One year ........................... . 

Expenditures ..................................................... . 

~~~~~J~?t~t:~~~ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 

An1ou11t. 

$1 500·00 

I 250·00 

66o·29 

4 079·29 
l=====I 

4 190·00 
4 079·29 

Unexpended balance ............. · . · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·) 110·71 

CONTINGENT EXPENSES, STANDARD WEIGHTS AND MEASURES. 

ll!ATJ<;JUALS AND Al'l'.A.ltATUS AND INCIDJ,N1'.AJ, :EXPENSES. 

To whom -pnid. ----, - Ou w~nt account. ·--- __ --1 Amoom .. -I 
Adams Express Co ............... · / Trans~rtation ... : ..... " ............. i $4 ·50 
Rufus P. Clark. . . . . . . . . . . . . . . . . . . . Mate.nals at!d contmgenctes ........... ! 10·65 
H. C. Easterday.. . . . . . . . . . . . . . . . . . Contmgenctes ........................ , 1 ·oo 
Eimer & Amend .................. 

1

1 ••••• do.............................. 18·16 
Z. D. Gilman. . . . . . . . . . . . . . . . . . . . . . Materials. . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 ·So 
Emil Greiner ..................... ,. Apparatus . . . . . . . . . . . . . . . . . . . . . . . . . . . 15·00 
R. M. Harrover .................... Contingencies........................ 14·55 
J.B. Kendall. .......................... do . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ·40 
W. H. Loudennilk & Co ................ do . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 ·6o 
Mackall Bros. & Flemer. . . . . . . . . . . . .... do . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 3' 48 
People's Dispatch Co. . . . . . . . . . . . . . Transportation.. . . . . . . . . . . . . . . . . . . . . . ·35 
E. G. Soltmann. . . . . . . . . . . . . . . . . . . Apparatus . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 ·oo 
Henry Troemner. . . . . . . . . . . . . . . . . . Contingencies . . . . . . . . . . . . . . . . . . . . . . . . 9·20 
0. H. Tittm:mn ........................ do . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3·00 
United States Express Co ........... Transportation ........... _ . . . . . . . . . . . 29·20 
Ui~ited States Mint ................ , Contingencies........................ 358·47 
Wilmarth & Edmonston ................ do . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2·20 
Wyckoff, Seamans & Benedict .......... do ....................... - . . . . . . 3 ·75 

- 1------
Expend 1tures ................................ - .................... 

1 

490·3r ; 

Appropi:iation .. - .................................•...................... '1 975·00 I 
Expend1tures ...................... · ....... - · - - . - . · · · · · · - · · · · · · · · · · · · · · · 490·3r I 

1------
Unexpended balance ............................................. ·I 484·69 --· 



140 UNITED STATES COAST AND GEODETIC SURVEY. 

E:i:penditures since last report on account of the appropriations for the service of the fiscal years 1895, 
1895 and 18.96, and 1896. 

GENERAL EXPENSES, 1895. 

COPPERPLATES. CHART PAPER ETC. 

I To whon1 paid. j Ou what account. l Amount. 1--_ ~------ -- -- ------ ------1--------- . _________ \ _____ _ 
I 

R. F. Bartle & Co ................. Extra engraving .................... ". $3 018 ·32 \ 

Balance on ~and, report for 1896 .......................................... I 4 199 ·40 : 

L
, ended smce, as above ................................ · .. · · · · · · ........ : 3 018 ·32 I 

Present unexpended balance ........................................ \--1-181 ·~ 
I 

ST a'rIONEltY, 'rltANSPORTATION OF JNS'rl1UMENTS, ETC. 

To_ whom paid. I On what account. ! Amount~ -------- ---------- --- --- ---- --- -·-- ~I 

Postal Telegraph Cable Co ......... \ Telegrams ......... ·· .... ···.·.· .... · $4'59 I 
Balance on ~iand, report for 1895....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 725·51 I E pended""~•~ •bov. ................................. ·.. ........ ... 4'59 I 

---------
Present unexpended balance. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 720·92 

REC.A.Pl1'C L.A.TION. 

[Showi111{ ox110uuitures by subitcms.J 

·- --------------
Subi~c1n-s.-~-~---------.- ---.-~~~~~~~~·-~~------:-1--A-m~ 

Coprer plates, chart pa_per, et.c ................... : ....................... 
1 

$3 018 32 
Stationery, transportation of mstruments and supphes, etc ................. 

1 
____ 4·59 

Expenditures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 022·91 

Balance on hand, report for 1896 ......................................... . 
Expended since, as above ............................................... . 

Present unexpended balance .. · ... · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·I 

P AHTY EXPENSES, 1895 AND 1896. 

STATE SURVEYS. 

12 593"07 
3 022·91 

9 570·16 

-·--T-o-~~~-=--~-~~------ _______ o_'_' _w_h_a_t_ac_c_o_u_n_t·-------i- ----~·1·11-~~~t···-l 
$11 ·45 F. \Valley Perkins . . . . . . . . . . . . . . . . Triangulation ....................... . 

I===== 
Balance on hand, report for 1896. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 232 ·03 
Expended since, as above ................................................ I II ·45 

1---
Present unexpended balance ...................................... · [ 220 ·58 

TRANSCONTINENTAL WOUK. 

; Amount. I ----------- ·----·------- ' - --i---------
Ba~ance on hand, report for 1896 ........ : ................................ \ $267 ·39 
Railroad account referred for settlement smce last report ............ · ..... ·1--~-

Prese11t unexpended balance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 237 ·39 
. I 
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E.vpcnditures since last report on account of the appropriations for the seri•'icc of the jisca.l years 18%, 
189.5 and 18%, and 18.96'-Continued. 

PARTY EXPENSES, 1805 AND 189{i-Coutinned. 

lU:CAPITULATION. 

lShowiug oxponditureM in groes by enhitoms.) ,---------· -· ·-·---- -----·-- - --·-----·-" --·----·-·- ------------, 
Suhite1ns. 

--··----·----------------

State surveys .... , ........... ,, .... , ... , ........... ,.,,, ...... , .. , ... ,, .. 
Transcontinental work, .. , ..... , , , , , , , , , ...... , ... , .... , , , . , .. , .. , , , , . , . , 

Expenditures .. , , ... , ... , , . , .. , , . , . , .. , ... , . , ... , , , , , , , ... , . , , , . , . 

A1nount. 

$II '45 
30·00 

41 ·45 
I===== 

Balance on hand, report for 18<)6 .................................... , . . . . . 1 s 13 · 32 
Expended since, as above ... ,,,,,,,,, ........ ,,, ........ , .. ,.,,,, .. , .... , 41 ·45 , 

Present unexpended balance .. , .................. ,,.,,,, ... , ....... --~I ·87-1 
_______________ ! -------------------- -· 

PARTY EXPENSES, 1896. 

LEVELINCi. - - - -- ----- ----- -- I 
I An1ouut 

i-·. ------- - - - -· --:--- ------1 
! Railroad account referred for settlement ........................ · · · · · · · · · · 1 $4 ·44 

I 
Balance on hand, report for 1896 .... , ............. , .... , .. , . . . . . . . . . . . . . . 296 ·23 
Expended since, as above .... , , , . , , . , , . . .. , , , .. , , , . , .................. : 4 ·44 

I ____ P~:ent unexpended balance -_·_:,,.,, ~ -.:~:,., .. , ._. ~-:~ ... , ... , ·-~·~·_·I--.=-291 --~~! 
UB,JECT~ NOT XAMim. 

Annual contribution to International Geodetic Association .... , .. 

Balance on hand, report for 1896 , ... , , , , , , , ..... , , ... , ... , , , , , , . '· ..... 
Expended since, as above .. , , , , , , , , , . , , , , , . , , , . , ... , , , , , . , . , . , ... , , , , , , .. 

Present unexpended balance , . , , , , ........ , , ... , , . , , , , .. , , . , , . , , .. , 

AlllOlltlt. 

$347·04 

I 491 ·43 
347·04 

r 144 ·39 
___ ! ________ _ 

ltECAPl'l'ULA'l'IO~. 

J8howiu~ CX)tetulituroH in ~ros8 by lillhitt.nn~.] 

·-----· --·--·---- ··-··-· 

" " " ' .. " ' " " " " " " " " ... ! I.,e:'eling ......... , , , .... , . , , .. , .... , , .. . 
ObJects not named ..... , , . , . , . , . , , , , ... , 

Atn011ut. 

$4 ·44 
347·04 

Expenditures, , . , . , , , . , , , , , , , ..... , , .. , , .. , .... , ... , . , , , , ... , , , , , , . J ___ ~--
1 

I 
Balance on ]!and, report for 1896, , . , . , , . , , . , , . , , ............. , .... , ..... J 3 r 38 "73 

I 
Expencle<l smce, as above, ... , , .... , , , , , . . . . . . . . . ........ · · · · · · · · · · · · · i---351 ·48-1 

Present unexpenclecl balance . . . , ................ , ............... ' 2 787 ·25 

- ------ ----···. I , 

HEPAIRS OF VESSELS, 18!lli. 

'=-- -- 'J'o ~vhom paicl. - ·---1--
\· -~ ----------- - -------, 

I \Villiam F. Butler, . , .. , .. , , ........ \Vhaleboat for steamer Blake 

Un what ncconnl. 

. ,----- --- I 
.-\111011111. ! 

. --------1 
$200"00 I 

Balance on hand, report for 1896 . . . . . . . . . . . . . . . . . . . . . . . ..... , . . . . . . . . 204· 15 

I _Rx pen:::.:~"::,:::::~ b.1::,,, • • • • • • . . • . • • . • . . . . . . . . . . . . ........... ·---2::: I 
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Expcndit1tres since last report on account of the appropriations .f 01· the SGrvice of the jiscal year!i 1896 
1895 and 1896, and 1896-Continued. 

GENEHAL EXPENSES, 1896. 

INSTIWMENTS, INSTRUJ'tll<:XT SHOP, CARPEN'l'EI~ SHOP ETC. 

~ To •"om"'"· ~ .... OCTOO;;- ---- - -1-~~=ut. 

Lentc~e. & Buechner .............. 
1 

Subscriptions ....... ~-~~~-~~~ ~- -... . 1 · -- ~~·.::-
S. C. Chandler .................... Books .............................. ·' 2·8o 
H. Hoffa ......................... Instrument shop .................... ·I 25·13 
Geo. F. Muth & Co ..................... do . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5'68 I 
Fred. A. ~chmidt. . . . . . . . . . . . . . . . . . Drawi1!g ~ivision . . . . . . . . . . . . . . . . . . . . 14 :28 
Gustav E. Stechert... . . . . . . . . . . . . . Subscnpttons ......... , . . . . . . . . . . . . . . 5 oo I 

-- 55·~! 
====I 

Balance on hand, report for 1896 .................... · · · · · · · · · · · · · · · · · · · · · 2 17°"68 
Expended since, as above ............................................... .r 55·09 

Present unexpended balance ................ ~ ~·~-~·- ................. 1--2-_115·58 

COPPE!t PLATES, CHART PAPEH, ETC. 

,---------------------·-··-·------------------~ 

I 
! A1nount. ·ro whom t>aid. On what account. I 

----------------1------------------1------
The Niles Tool Works Co .......... 

1

1 Printing supplies . . . . . . . . . . . . . . . . . . . . $2 166·00 
'l'he Ourdan and Kolb Engraving- Extra engraving . . . . . . . . . . . . . . . . . . . . . l 8o9'38 

Machine Engraving and Mercan-
tile Co. 

Balance on hand, report for 1896 ........................................ . 
Expended since, as above ............................................... . 

------------------------·-·· 

~ISCELJ,ANEOUS EXPENSES, CONTINGENCIES OF ALL KINDS, E'l'C. 

3 975·38 

8 852·39 
3 975·38 

4 877·01 

r ·-·---- ·--------·-- ---- -------- -.. _______ _ 

' 'l'o whom paid. On what account. I Aniount. ! 

1- The ~~shington Times Co ........ -Atkertising~-.~.~-~~=.-.-.-.-. ~~1~-~ 
I Balance on ~and, report for 1896 ......................................... j 120·56 11 

Expended since, as above .............................................. , · i·---~~ 

Present unexpended balanc:_·_~·. :.:~_· ·-·~. ·~·. ·-·~................... u6·16 I 
HECAl'ITULA'.l'lON. 

[Showing exponc!iture• by Rubitems.] 

,--------------------------·----------------------, 
8ubite111. f Aiuount. 

i--In_s_t_r_u_m_e_n_ts_,_i_n-st_ru_n-1e-1-1t-sh_o_p_, -e-tc-. -. -. -.. -.-.-.-.-.-. -. -.-.-.--.-.............. -.. -.. -. ~ .. ·:i----;~-:; 
Copper plates, chart paper, etc ........................................... i 3 975·38 
Miscellaneous expenses, etc ..... , ....................................... ·i 4·40 

Expenditures ...................................................... i--4-034 .s;-
1=====1 

Balance 011 hand, report for r896 ......................................... i ·12 269·44 
Expended since, as above ................................................ '. 4 034 ·87 

-------
Present unexpended balance ....................................... 

1 

8 234 ·57 
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.E.rpenditures since last report on a.ccount of the appropriations for the service of the jiscal years 189:., 
1895 and 1896, and 1896-Continued. 

GENERAL EXPENSES, 1896-Continued. 

GENEI~AL RECAPI'lTLATION. 

[Showing appropriations, oxpernlitures, 1m<l balaucos for tho fiscul yonr oniling Juno 30,.1897; also for tho month of June, 1897, 011 nccount 
of party OXJIOUses, 1897 un<l 1898. l 

Natne of appropriation. I 

i 1---------------------1 
Salaries: i 

Pay for field officers ..................... I 
Pay of office force ................... ··· ·l 

Party expenses ............................. ., 
Repairs of vessels* .......................... I 
Publishing observations ..................... I 
Party expenses, 1897 and 1898 .............. . 
General expenses:* 

Sundry civil act June 11, 1896 .. 34 ooo·oo 
Received from other bureaus.. 4o8·29 

Salaries, weights and measures .............. . 
Contingent expenses, weights and measures .. 

Total ................................ . 

··---------

Appropriated. l\xpended. 

$90 400·00 $89 129·62 
135 170·00 133 563·57 
115 Soo·oo 109 347"47 
25 ooo·oo 22 3o8·37 

r ooo·oo 65]"48 
2 ooo·oo 394·91 

} 34 4o8·29 25 312·37 

4 190·00 4 079·29 
975·00 490·31 

------------
408 943·29 

Amounts appropriated and available, as follows: 
Appropriat10n for Coast and Geodetic Survey proper for fiscal year end-

ing June 30, 1897, sundry civil act June II, 1896 .................... . 

A~~r~~~~~i-~1~. ~~r. -~~~~- ~~~e.1~~~s.'. ~~~~ .~~~. ~~~~'. ~~-1~~~~ .c.i~'.~ ~~~ .J.~1~~. 
Appropriation for office of Standard Weights and Measures, legislative 

act May 28, 1896 .................................................. . 
Received from other pureaus ........................................ . 

Amounts expended as follows: 
For Coast and Geodetic Survey .......................... $38o 713 ·79 
For office of Standard \Veights and Measures . . . . . . . . . . . . 4 569·6o 

llalauces. 

$1 270·38 
l 6o6·43 
6 452·53 
2 691·63 

342·52 
I 6o5•09 

9 095·92 
II0'7I 
484·69 

23 659·90 

$401 370·00 

2 ooo·oo 

4o8 943·29 

----- 385 283·39 

Total unexpended balance ......................................... . 

-----·-----
•The liulances ou those appropriations are subject to reductiou ou account of outstandiug obligations and tho 

total unexpended balance will be rellucell accordingly. 

UNITED ST.A.'l'ES 00AST .A.ND GEODETIC SURVEY, 

• OFFICE OF 'IRE DISBURSING AGENT, 

nra.shington, D. O., Janiwry 1, 1898. 

I certify that the foregoing statement is a correct exhibit of all expenditures for the United 
States Coast and Geodetic Survey and for the Office of Standard Weights and Measures for the 
fiscal year ending June 30, 1897, and for all precediug years embraced within the limits of the law 
for making such expenditures, including all accounts paid up to the close of business on December 
31, 1897. 

Approved: 
HENRY S. PRITCHETT, 

SCOTT NESBIT, 

Disbursing Agent, United Statr8 Coast and flcodetic Snr·vey. 

Superintendent United Sta.tes Coast and Gcodetio Survey. 
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OFFICE REPORT NO. 4-18~7. 

REPORT OF THE ASSISTANT IN CHARGE OF 'l'Hg OFFICE OF STANDARD 
WEIGHTS AND MEASUHES FOl{. THE FISCAL YEAR ENDING JUNE 30, 1897. 

UNI'.l'ED S•.rATES COAST AND GEODETIC SURVEY, 

OFFICE OF STANDARD WEIGIITS AND MEASURES, 

Washington, ]), C., June 30, 11:197. 

SIR: I have the honor to report that during the fiscal year just closed the usual amount 
of work has been accomplished in the Office of Standard Weights and Measures and prompt 
attention has been given to the numerous calls for information. The, usual operations of 
verification and adjustment of weights, capacity measures, staudardR of length, thermometers, 
alcoholometers, salinometers, etc., for departments of the Government, the several States, 
institutions of learning, engineers and surveyors, manufacturers and private parties, have been 
carried on, and the results, considering the small force of the office, have been quite satisfactory. 
Some progress has been made, also, in the preparation for the construction and verification of 
electrical standards, but a point has now been reached where an increase in the instrumental 
outfit of the office is imperatively demanded, and I earnestly recommf,nd tbat in the estimates 
to be submitted t-0 Congress in December the item "for purchase of materials and apparatus 
and for incidental expenses" be increased to $2 500, the usual appropriation of $500 being now 
entirely inadequate. This increase ueed not necessarily be continuous, but if made even for a 
single year, will enable us to procure instmments which are indispensable. 

Tue work of the year has been of the usual character, and almost altogether of the routine 
order, so that none of the operations require special mention or description of methods, with 
the exception, perhaps, of the determination of the coefficients of expansion of 6-metre standard 
bar No. 2 and 6-metre base bars Nos. 3 and 4, and the determination of the values of the metric 
subdivisions of the Mural standard. The former operation was performed in the vault, and 
by means of the 6-metre comparator, the necessary range of temperature being obtained by 
the use of ice and hot water alternately. The standard bar was packed in melting ice, while the 
base bars Nos. 3 and 4 were immersed in hot water, and vice versa, and sufficient time was 
allowed to elapse between and after changes to insure t.he attainment by the bars of the thermic 
conditions indicated by the thermometers. These determinations were made by me, with the 
assistance of Assistant R B. Latham, who was temporarily detailed to the Office of Standard 
Weights and :Measures for the purpose. 

The determination of the values of the metric subdivisions of tlie Mural standard was made 
by Assistant E. B. Latham, under my direction, by means of an optical beam compass consisting 
of two micrometer microscopes securely mounted in a wooden beam, which was supported by three 
screws. These screws furnished a reacly means of making the focal adjustments. AU the metres 
of the Mural standard were determined in terms of the sixteenth metre, which was arbitrarily 
chosen as a tentative standard, and the actual values were subsequently readily deduced, as the 
total length of the Mural standard was already know11. In observing, the optical beam compass 
was first adjusted over the chosen tentative standard metre and three readings of the micrometers 
were recorded; then the beam compass was similarly adjusted over any other metre and three 
readings of each micrometer were taken; then, returning to the tentative standard, the observa­
tions thereon were repeated. Temveratures in each case were noted and the two sets of 
observations on the tentative standard were combined and compared with those taken on the 
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other metre under examination. This· process wa.<1 repeated until all the individual metres of the 
.Mural standard had been compared a sufficient number of times and their values determine1l in 
terms of the sixteenth metre. Five standard thermometers were used during the work, one being 
continuously on the tentative standard and the other four on the four metres to be next examined. 
On completing the observations on any metre its thermometer was immediately moved four metres 
ahead, so that ample time was in all cases allowed for the thermometer to adapt itself to the 
temperature of the new position before being again observed. The thermometers were always in 
actual contact with the Mural bar and the bulbs were protected by metallic shields. While 
there· doubtless may be some uncertainty as to actual temperatures of the bar, yet, as the 
observations on each metre were immediately preceded and followed by observations on the 
tentative standard, the relative temperatures cannot be materially in error. The results of 
the comparison proved very satisfactory. 

No change in the personnel of the office occurred during the year. Messrs. L.A. Fischer and 
C. A. Harbaugh have, as heretofore, efficiently performed the various duties assigned to them, the 
former serving throughout the year, and the latter until June 15, when be resigned to accept a, 
more lucrative position in another department. 

Mr. Fischer also prepared the exhibit of this office for the Nashville Exposition and installed 
it there early in May. 

Mr. Otto Storm, mecbanician, was detailed throughout the year to the instrument division. 
Mr. W.R. Whitman, mechanician of the instrument division, served in the Office of Standard 

Weights and Measures during July and August, 1896, and part of March, 1897, and was engaged 
principally upon the adjustment of weights and measures belonging to the State of Massachusetts, 
but rendered valuable service also on miscellaneous work. 

Mr. R. B. Crutchfield was engaged on miscellaneous duties until March 15, when, his services 
being no longer required, he was assigned to other employment in the office of the Survey. 

The temporary detail of Assistant E. B. Latham to the Office of Weights and Measures has 
already been referred to. 

Before closing this report I beg to refer again to the valuable services of Mr. L.A. Fischer, and 
to renew my recommendation that provision be made in the annual estimates for an increase of 
his compensation: 

Accompanying this report is an abstract of verifications, determinations, and standardiza­
tions made during the year for other departments and for outside parties. 

Yours. respectfully, 
ANDUEW BJiAID, 

Assistant, United States Coa.vt and Geodetic S10·1!ey, in 
Charge of Office of Standard Weights and Mea.sures. 

Gen. w. W. DUFFIELD, 

Superintendent United States Coast and Geodetic Survey, 
an<l of O.tfice of Standard Weights and Measures. 

Abstracts of verifications, determinations, standardizations, etc., of weights and measures made 
during the fiscal year ending Jmw 30, 1897. 

Date. Nnn1e. Service. 

---------------------·-------------·-· -----------
1896. 

July. . . . . . . . . . Unite<l States Coast and Geodetic Survey ......... . A 3-metre fractional base bar 

6584--10 

graduation teste<l. 
Keuffel & Esser, New York....................... Three tapes compared. 
United States Coast and Geodetic Survey. . . . . . . . . . . Four thermometers compare<l. 
P. T. Hil<lebrand, Orangeburg, S. C... . . . . . . . . . . . . . Capacity measures adjusted. 
United States Agricultural Department. . . . . . . . . . . . Thennometers compared. 

, Unite<l States Coast and Geo<letic Survey. . . . . . . . . Six thermometers compared. 
I United States Coast and Geodetic Survey ............ Scale No., 9C:J compared. 
I Boston \Vater Works, Boston, Mass . . . . . . . . . . . . . . . . Infonnatton furmshed. 
~ Keuffel & Esser, New York ........................ 

1

. Tape compared. 
: Henry F. Fletcher, Scitico, Conn . . . . . . . . . . . . . . . . . . lufonnatiou furnished. 
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Abstracts of verifications, determinations, standardizations, ctc.-Continued. 

[ ___ D:t; ... _ _ J 
18¢. I 

August ...... . 

September .... 

October ..... . 

'! 

Xovember .... 

December .... 

·- -·- - -·-

' Naine. Sen·ic<..'. 

F. E. Brandis Sons & Co., Brooklyn, N. Y .......... Tape compared. 
Boston Water \Vorks, Boston, Mass ............... ·/ Three tapes compared. 
Lufkin Ruic Co., Saginaw, Mich... . ............. ., Information furnished. I 
United States Co?st and <?eodetic Survey .......... ·I Ivory scale compared. 
Qu~en & Co., Phtladelph1a, Pa.: ................... 

1

. Two tapes compared. 1 

Umted States Coast and Geodetic Survey.. . . . . . . . . . One-fourth metre scale compare<'-' 
United States Coast and Geodetic Survey ........... j Tape compared. : 
.Joseph S. Peebles, Cincinnati, Ohio ................ ·\ Information furnished. 1 

W. & L. E. Gurley, Troy, N. Y. . . . . . . . . . . . . . . . . . . . . . '!'ape compared. 
Charles Lehenbauer, \Vatertown, l\lass ............ ·I Information furnished. 
R. I. D. Ashbridge, Philacielphia, Pa ................ : Tape compared. 
\V. A. Collard, Cincinnati, Ohio ................... 

1 
Information furnished. 

\V. & L. E. Gurley, Troy, N. Y .................... Information furnished. 
\V. & J,. E. Gurley, Troy, N. Y .................... 1 Two tapes compared. 
Prof. H. D. Randall, Berkeley, Cal ................ ·J Information furnished. 
F. E. Brandis Sons & Co., Brooklyn, N. Y. . . . . . . . . . Leveling rod con~pared. 
E. D. Preston, \Vasl~ington, D. C .................. , Magnetometer rmg, mass de-

termined. 
Anderson Price, New York, N. Y .................. , Infonnation furnished. 
\V. & L. E. Gurley, Troy, N. Y .................... Information furnished. 
Robert A. Cummings, Philadelphia, Pa ............ ·I Information furnished. 
\Volst~nholtne_& Buffington_, Fall River, Mass ..... '\ :rape compared. re 
Case School, Cleveland, Ohio ...................... , fwo tapes compa d. 
0. C. Trip, Rocklan~l, J\Ie . : . . . . . . . . . . . . . . . . . . . . . . . 'fhree tapes compared. 
L.B. Ganyard, Medma, Ohto ...................... Tape compared. 
Joseph C. \Vagner, Germantown, Philadelphia, Pa. ·1 Tape compared .. 
Lufkin Rule Co., Saginaw, Mich ................... Information furn!shed. 
L. S. Starrett Co., Athol, Mass.......... . . . . . . . . . . . Information furmshed. 
Charles M. Slocum, Springfield, Mass .............. I Tape compared. 
F. Bloch, Philadelphia, Pa ...................... ·I Two tapes compare1l. 
Joseph C. \Vaguer, Germantown, Philadelphia, Pa .. Tape compared .. 
F. E. Brandis Sons & Co., Brooklyn, ~. Y ......... Infonnation furmshed. 
United States Geological Survey ................... , Two leveling rods compared. 
W. & L. E. Gurley, Troy, N. Y .................... Tape compared. 
Isaac \Vinston, \Vashington, D. C............... . . . Two level mg rods compared. 
Charles M. Slocum, Springfield, :Vlass ............. · J Tape compared .• 
Instrument division, United States Coast and Geo- , Tape compared. 

detic Survey. 
George L. Wells, President Michigan Engineering So- Information furnished. 

ciety, Bay City, Mich. 
Charles M. Slocum, Springfield, Mass ............. . 
George F. Lucas, Castile, N. Y ................... . 
\V. R. Lynch Manufacturers' Association, Brooklyn, 

N. Y. 

Information furnished. 
Information furnished. 
Information furnished. 

Instrume11t division, United States Coast and Geo- Tape 137 compared. 
detic Survey. 

Unit!!d States Treasury Department . . . . . . . . . . . . . . . . Information furnished. 
Instrume11t division United States Coast and Geo- I Two leveling rods compared. 

d.etic Survey. ' . / 
U1~1t~d States Coast and Ge0<~et1c Survey ........... 

1 
Six thermometers compared. 

\V1lham Nelson, C. E., Lacoma, N. H ................ Two tapes compared. 
Charles Fernald, assistant engineer, District of Co- i Tape compared. 

lumbia. , 
P. Elbert Nostrand, New York ..................... 1 Tape compared. 
C. H. Sinclair, Washington. D. C .................... I Tape compared. 
J. N. Roe, Valparaiso, Ind ......................... ·I Information furnished. 
Prof. Joseph Smith, Valparaiso, Ind.. . . . . . . . . . . . . . . . Information furnished. 
Instr~me11t division, United States Coast and Geo- I Three themwmeters compared. 

dettc Survey. I 
Instrument division United States Coast and Geo- Six thermometers compared. 

detic Survey. ' 
Instrument division, United States Coast and Geo- Five balances compared. 

detic Surve:y. 
Instrument division, United States Coast and Geo- Two tapes compared. 

detic Survey. 
United States Geological Survey . . . . . . . . . . . . . . . . . . . Tape compared. 
Frank P. Blair, Chicago, Ill...... . . . . . . . . . . . . . . . . . . Information furnished. 
McGill University, Mi;intre_:il, Canada . . . . . . . . . . . . . . . Tape compared. 
Gei;irge "?· Lucas, ~astl_le, ~. Y. . . . . . . . . . . . . . . . . . . . . . Tape compared. 
Umvers1ty of Callforma, Berkeley, Cal .............. / Tape compare't 
lnst~ment division, United States Coast and Geo- j Tape compared. 

dettc Survey. 



REPORT FOR 1897-PART I. OF1''ICE OF STANDARD WEIGHTS AND MEASURES. 147 

Abstracts of verifications, determinations, standardizations, eto.-Continued. 

~-ate_. __ 

1

, __ .. 

I . 
_____________ N_a_rn_e_. ----------ii------~-·c_rv_i_c_e. ______ ) 

I 1896. 
: December .... 

I 

1897. 
January ..... . 

February ..... 

March ....... . 

April ........ . 

; 

May ........ ·1 
I 

John E. Alter, Rensselaer, Ind... . . . . . . . . . . . . . . . . . . . Tape compared. 
Wolstenholme & Buffington, Fall River, Mass ....... Tape compared. 

Instrument division, United States Coast and Geo­
detic Survey. 

F. J. Hubbard, Plainfield, N. J ..................... . 
Instrument division, United States Coast and Geo-

detic Survey. 
Instrument division, United States Coast and Geo- 1 

· detic Survey. 
\Villiams, Brown & Earle, Philadelphia, Pa ......... . 
F. Herdt, Mamaroneck, N. Y. . . . . . . . . . . . ......... . 
J. A. Grier, Chicago, Ill ........................... . 
United States Weather Bureau .................... . 
Instrument division, United States Coast and Geo-

detic Survey. 
United States Geological Survey .................. . 
George E. Thackray, Johnstown, Pa ............... . 
State of Massachusetts ............................ . 

Joseph S. Saxton, Washington, D. C ............... . 
George R. Gyger, Alliance, Ohio .................. . 
O. M. Stimson, Anniston, Ala ..................... . 
L. S. Starrett Co., Athol, Mass ..................... . 
Marine-Hos).lital Service, \Vashington, D. C ........ . 
Lemuel Lozier, Hackensack, N. J ................. . 
United States Treasury Department ............... . 
Instrument division, U11ited States Coast and Geo-

detic Survey. 
E. A. Fisher, Rochester, N. Y ..................... . 
Walter Gribben, Brooklyn, N. Y .................. . 
State of Massachusetts ............................ . 

Edward Haidock, Blooomington, Ind ... : .......... . 
William Palmer, Carlisle, Pa ..................... . 
United States Engineers Office, Philadelphia, Pa .. . 
Instrument division, United States Coast and Geo-

detic Surve.r. 
Computing division, United States Coast and Geo-

detic Survey. 
\Villiam Brenner, Providence, R. I ................ . 
Prof. A. James, Marion, Ind .................... ----
E. C. Woodward, Colorado Springs, Colo .......... . 
Instrume11t division, United States Coast and Geo-

detic Survey. 
1tistrume11t division, United States Coast and Geo-

detic Survey. 
\Villiam C. Brannen, Providence, R. I ............. . 
Case School, Cleveland, Ohio ..................... . 
Lufkin Rule Co., Saginaw, Mich .................. . 
Instrument division, United States Coast and Geo-

Five tapes compared. 

Tape compared. 
Six thennometers compared. 

Five spring balances compared. 

Tape compared. 
Tape compared. 
Information furnished. 
Infonnation furnished. 
Two tapes compared. 

Tape compared. 
Information furnished. 
Verification and adjustment of 

a large number of standards 
of weight and measu!"c. 

Information furnished. 
Tape compared. 
Infomiation furnished. 
Forty-eight-inch bar compared. 
Four them1ometers compared. 
Tape compared. 
Information furnished. 
Five leveling rods compared. 

Tape compared. 
Gramme weight compared. 
Verification and adjustment of 

weights and measures be­
longing to the State. 

Tape compared. 
Information furnished. 
Tape compared. 
Metric scale compared. 

Coefficient of expansion of three 
6-metre bars determined. 

Tape compared. 
Information furnished. 
Gramme weights compared. 
Inertia ring, dimensions and 

mass deten11ined. 
Two tapes compared. 

Information furnished. 
Tape compared. 
Tape compared. 
Tape compared. 

detic Survey. 
Instrument division, United States Coast and Geo- Six thermometers compared. 

detic Survey. 
Instrument division, United States Coast and Geo- , 

detic Survey. 
Instrument division, United States Coast and Geo-

Four salinometers compared. 

Leveling rod compared. 
detic Survey. 1 

Prof. George IL Hamlin, Maine State College, ,. Information furnished. 
Orono, Me. 

Massachusetts Institute of Technology, Roston, Information furnished. 
Mass. 

O. S. Bay lies, Chicago, Ill ......................... I Two tapes compare<l. 
Columbia College, New York, N. Y ................ , Three 4-metre bars compared. 
William Eimbeck, Washington, D. C .............. Information furnished. 
'Yilliam Eimbeck, \Vashingto!'• D .. C . . . . . . . . . . . . . . ~·our base-bar scales compared. 
E. S. Wheeler, Sault Ste. Mane, Mich .•............ 

1 
Seven thennometerscompared. 

Missouri State University, St. Louis, Mo ............ 
1 

I1.1formation furnished. 
Keuffel & Esser, New York ........................ Six tapes compared . 

. Oscar Erlandsen, Jamaica, N. Y ................... ~ Tape compared. 
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Abstracts of verifications, determinations, standardizations, ctc.-Co11ti11ued. 

I

I :::--i---- __ _ __ xnm_"·___ ---i _ -----S~r~ice. ----- _ : 

May ........ · 1 United States Coast.and Geodetic Survey.. . . . . . . . . . 'fhree spring balances com- J 

pared. 

I 
! United States Coast and Geodetic Survey . . . . . . . . . . . Five tapes compared. 

I 
J. L. Uttle, Rochester, N. Y. . . . . . . . . . . . . . . . . . . . . . . Tape compared. 
United States Coast and Geodetic Survev . . . . . . . . . . . Pour thermometers compared. 

I United States Coast and Geodetic Surve\· ........... ' Six thermometers compared. 
j W. & L. E. Gurlev, Troy, N. Y ....... ~ ............ · Tape compared. 

June ......... 
1 

J. A. Holmes, Ca1r1bridge, Mass .................... I One hundred feet steel tape 
· I compared. 

Whitall! Tatum & Co., Philadelphia, Pa ............ Informat!on furn!shed. 
J. Y. Miller, Hartford, Kans ....................... Information furmshed. 
United States Treasury Department ................ 

1 
Information furnished. 

United States Coast and Geodetic Survey .......... ·I Three spring balances com­
i pared. 

United States Coast and Geodetic Survey .......... ·1 Three tapes compared. 
United States Geological Survey . . . . . . . . . . . . . . . . . . . Two level rods compared. 

I Christian Becker, New Rochelle, N. Y . . . . . . . . . . . . . Set of weights verified. 
1 0. H. Trip, Rockland, :Mc ......................... ! One hundred feet tape marked 

I and compared. 

------ -- _J_ ------------------



ltEPOHT FOR rn~7-l'Aln' I. 14~) 

LIST OF PROGRESS SKETCHES-1897. 

1. Sketch of general progress (eastern sheet.) 
2. Sketch of general progress (western sheet.) 
3. General chart of Alaska. 
4. Sketch showing the progress of surveys in southeast Alaska to June 30, 1897. 
5. Map showing longitude stations and connections determined by electric telegraph between 1846 and June 30, 1897. 
6. Map showing positions of magnetic stations occupied between 1844 and June 30, 1897. 
7. Map showing lines of geodetic leveling rnn and positions of gravity and tide stations to June 30, 1897. 
S. Map showing the distribution of the principal astronomic stations occupied by the Coast and Geodetic Survey 

for latitude, longitude, and azimuth to June 30, 1897. 
9. Sketch showing extension of primary triangulation to Montreal, and rcsun•eys of the coast cast of Hudson River 

to June 30, 1897. 
10. Sketch showing extension of primary triangulation along the thirty-ninth parallel to the Capes of the Delaware, 

and resurveys between Hudson Rh·er and Cape Florida to June 30, 1897. 
11. Sketch showing progress of primary triangulation from Atlanta base to the Gulf of Mexico, with subsketches 

of Lake Pontchartrain and Brazos River. 
12. Sketch of the Pacific coast from San Diego to Point Conception, showing progress of primary triangulation i!1 

vicinity of Los Angeles base and resurvey of Santa Monica and San Pedro Harbors, with subsketches of Puget 
Sound and San Francisco Bay. 

13. Sketch showing progress of triangulation across the peninsula of Florida. 
14. Sketch showing triangulation in Kansas and !\'ebraska, with subsketches showing Salt Lake base am! triangu­

lation in Missouri. 
15. Triangulation sketch of St. Paul Island, Alaska 
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APPENDIX NO. I-1897. 

DISTRIBUTION OF THE MAGNETIC DIP AND THE MAGNETIO INTENSITY IN 
THE UNITED STATES, FOR THE EPOCH JANUARY 1, 1900. 

[Second edition with three charts.] 

By CHAULES A. ScHO'IT, .Assistant. 
Submitted for publica.tion May 20, 1897. 

Introduction.-During the past eleven years, since the publication of the first edition of the 
paper 1 on the secular variation and geographical distribution of the magnetic dip and intensity 
in the United. States, many records of observations have accumulated, particularly in localities 
not hitherto visited by observers, and our former extremely meager information respecting the 
annual change of the dip and of the intensity bas given place to a somewha.t better understanding 
of the changes now going on in the distribution of the direction and intensity of the magnetic 
force within our boundaries. The need of a new edition of the paper was thus indicated. 

The intensities are now expressed in O. G. S. units; this system was introduced on the 
Survey in 1882, but in preparing the last edition of the distribution of the intensities (horizontal 
and total component) the older English units 2 were still adhered to as it was then found more 
convenient for the collection, coordination, and discussion of the older observations. This state of 
things no longer exists. 

Collection and tabulation of observed dips and ·intensities.-In the present table I have brought 
together the results at all stations where either the dip or the intensity or both have been 
observed, but at every place only the most recent results have been admitted. For special refer­
ence to locality or source from which information has been obtained, see the first edition (App. 6, 
Rep. 1885); stations not contained in that collection have been since added, and particulars are on 
rncord in the Survey Office. The political subdivisions (by States), and the order of arrangement 
of stations by increaRing latitudes a.re the same as in the first edition and in conformity with 

. the paper on the "Distribution of the magnetic declination in the United States, etc.," 3 which 
makes it quite easy to identify or compare any station contained in that paper and in the present 
collection. 

The density of distribution of dip and intensity stittions is, like that of declination, extremely 
it-regular, !J-S may be seen from the following table giving the number of stations in each State or­
otber geographic division: 

Alabama .............. . 
Alaska ................ . 
Arizona ............... . 

141 Arkansas ............. . 
68 California ............ . 
69 Colorado ............. . 

2 ! Connecticut ........... . 
641 Delaware .............. . 
15 District of Columbia .... . 

19 
8 
7 

1 Magnetic dip and intensity with their secular vo.rintion and geographical diHtribntlon iu the United States • 
.Appendix No. 6-Report for 1885. Washington, 1886; 146 pngcs with 3 plates. 

2 To convert results expressed in F. G. S. units into C. G. S. units multiply them hy 0·0461080; its log. is [8·663776] .. 
3 Appendix No. 1, Report for 1896. · 

6584-11 
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Florida ................ . 
Georgia ............... . 
Idaho ................. . 

23 Minnesota ............. . 
24 Mississippi ............ . 
S Missouri .............. . 

II I Oregon .... : ........... . 
13 : Pennsylvania .......... . 
82 : Rhode Island .......... . 

Illinois ................ . 28 Montana .............. . 18 South Carolina ......... . 
Indiana ............... . 12 Nebraska .............. . IS South Dakota .......... . 

I9 
39 
7 

II 

4 
Indian Territory........ 2 Nevada................. 29 Tennessee.............. 17 
Iowa................... 24 New Hampshire......... I6 Texas.................. 40 
Kansas................. IS New Jersey.... . . . . . . . . . 24 Utah , . . . . . . . . . . . . . . . . . . 30 
Kentucky . . . . . . . . . . . . . . 22 New Mexico............ 21 Vermont . . . . . . . . . . . . . . . 9 
Louisiana . . . . . . . . . . . . . . 27 New York.............. 64 Virginia................ 37 
Maine.................. 66 North Carolina......... 33 Washington............ 36 
Maryland . . . . . . . . . . . . . . 26 North Dakota . . . . . . . . . . 61 West Virginia . . . . . . . . . . 6 
Massachusetts . . . . . . . . . . 39 Ohio . . . . . . . . . . . . . . . . . . . 44 Wisconsin. . . . . . . . . . . . . . 16 
Michigan............... 27 Oklahoma.............. o Wyoming . . . . . . . . . . . . . . 18 
West India Islands...................................................................... 19 
Mexico and Central America .......................................................... , . . 78 
Dominion of Canada to longitude 7s 0 W. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 
Same between longitudes 7s 0 and 90° W. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72 
British Possessions _south of latitude s 1° and west of longitude 90° W. . . . . . . . . . . . . . . . . . . . . . . S4 
Same north of latitude s1° and west of longitude 90° W.......................... . . . . . . . . . . 90 
Eastern Siberia............................................................... . . . . . . . . . . 18 

Total number of magnetic dip and intensity stations within the United States ......... 1 271 
Total number of stations tabulated ................................................. 1 64I 

Arrangement of the table.-It contains the observed values as well as the corresponding values 
for the epoch 1900·0, whenever means were available for reduction to that common epoch; if this 
could not be effected it is indicated by a blank space to be filled in hereafter when an adequate 
knowledge of the secular variation shall have been acquired. The first column gives the name 1 

of the place, in italics when a secular variation station, the second and third the coordinates of 
position which have been put in accord with tl1e best or latest information in our possession; they 
are given to the nearest whole minute of arc, an accuracy quite sufficient for our purpose. The 
longitudes count (positive) from Greenwich westward to 180°; when counted eastward, which is 
the case for a few stations, the letter E is attached. The columns headed e, H, F require no 
explanation. The values in the next two columns 111900 and H, 000 are derived from the preceding 
corresponding values by application of the effect of the secular change for the number of years 
between 1900 and the year of observation. The annual variations are taken directly from the 
discussion contained in .Appendix No. l, Report for 1895. In case of a secular variation station 
the latest observed values are set down but the referred values for January, 1900, were taken 
from the analytical expression whenever established in the above appendix. In presenting the 
values for the year 1900 it is felt and understood that they are necessarily weak and may in some 
instances appear stretched as to extension in time, since most of. the secular change expressions 
involve but the first power of the (elapsed) time. We can not insure the fourth place of decimals 
in the values of H, V, and F for 1900, and it is only carried in order to secure the third place 
figureR. To wait until the reduction to epoch 1900 could be accurately effected for all our obser­
vations would be to defeat the object for which this paper has been prepared and would deprive 
us for many years of useful information. The values of V.ooo and F 1000 were computed from the 
corresponding values of 81 900 and H1000· 

The last column of the table contains the observer's name and will serve for reforence to par­
ticulars either as given in .Appendix No. G, Report for 1885, or, in case of a later date, in the 
record of the observation on file at the office of the Survey. 

Construction of the isornagnetic charts of the United States for the epoch January 1, 1900.-The 
three isomagnetic charts accompanying this paper show for the common epoch January 1, moo, 
aud within the compact area of the United States, the distribution of the dip or isoclinic chart 
and of the intensity or isodynamic charts for the horizontal component and the total force. The 
scale of th~se charts is the same ao used for the isogonic curves and the same as in the first or 1885 

------ -------··----------·· -------···-·-·- ---·· -·-·-
1 Attention was paid to the spelling, to be in accordance with the decisions of the United States Board on Geo­

graphical Names, established in 1890. 
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1 
edition, viz, -7 000 000 The vertical force component has not been charted, as it is of less impor-

tance. The respective values of O, H, and P for 1900, as given in the taule, were plotted on the 
large scale base maps and the curves ot' equal values were constructed graphically. For the 
plotting of the respective values I am indebted to Mr. F. W. Clay of the computing division. 

The isoclinic chart contains, besides the curves of equal dip for intervals of 20, a central region 
or belt where for the period 1890-1900 the annual change is either zero or very small. On the 1885 
chart a similar belt of no annual change was shown much in the same position as now, but any 
actual shift of the position within the last ten or fifteen years is still masked by the uncertain 
position it had at the earlier date. A first attempt has also been made to introduce curves of 
equal annual change (for the epoch 1900), lines for-3',-2',-l', 0',+1',+2', and +3' being given. 
Their positions, however, are still more or less doubtful or conjectural, yet they will serve for 
redu~ing the dip to any other than the epochal year within a certain small number of years. 

Tlte first isodynamic chart exhibits the distribution of the horizontal component of the magnetic 
force. It depends on the tabular values of H 1900, and the curves of equal value were constructed 
graphically, their common difference being 0·020 of a dyne. To facilitate the reduction of any 
graphical value to another epoch, withing the limit of a few years, there is likewise shown a belted 
area of little or no annual change during 1890-1900 and several dotted curves indicating the 
ammal increase or decrease of the horizontal intensity, as the case may be. Compared with the 
region of no change shown on the 1885 chart, the present position is considerably tm the iiorth of it 
but the location at the earlier date is very uncertain. The position of the curves of equal auuual 
chnnge is given for the first time, but this part of the representation is necessarily weak. 

The second isodynamic chart gives the distribution of the total magnetic force within the 
compact limits of the United States; it is based upon the tabular values of F 1y00 and was con­
structed in the same manner as the preceding chart. It was thought unnecessary to present with 
this paper also a chart of Vl9:J0, or of the distribution of the vertical force, since this component 
can readily be deduced for any locality from the data given. It is to be hoped that at the time 
new magnetic charts become desirable our knowledge of the secular variation of{} and Hwill have 
so far advanced as not only to give greatly increased precision to the results for the new epoch, 
but to include among its values many of the observations which could not be brought forward to 
the epoch of the present paper. 

For the effective study of the local deflections of the magnetic force, in direction and intensity, 
at places of irregular distribution, our data are far from being sufficient to make the attempt of 
the analysis at this date profitable. 

Collection of the most recent magnet-io dips and intensities ob8erved in the United States and referred 
to the epoch 1.900·0. 

Nnu1e of station. 

Port Morgan. 

Mobile. 
Citronelle. 
Greenville. 
Lowet' Peach Tree. 
Eufaula. 
Montgomery. 
Selma. 
Opelika. 
Tuscaloosa. 
Indian Mtn. 

1 Decatur. 
Huntsville. 
./<7orence. 

ALABAMA . 
.. ··- --·-------·--·- ------··-------,--------...,.---,.----,--------, 

I 

I.at. I_ Long.• -Date. 
) Hor. : Total I I 

Dip 9, I force ' force 91900 H,900 V100o F100o 
H .. F. I 

I 
·- --- -·-- -- ---·- ----j--- --1--------1 

Observer. 

i 
0 I I 

30 I4j 
30 42; 
31 05; 
31 soil 
31 50 

31 541 32 22 
I 32 24 

32 37' 
33 12: 
34 02: 
34 371 
34 44: 
34 481 

0 I I 0 I 

88 01 l84r38

1

· . . 0·2867I . . 

88 03 l8g6·176o 57'6 ·27300·5623 
88 14 1896·1961 23·1 ·26941 ·5625 
86 36 1896·20 62 18'9 ·2634! ·5669 
87 33 1857'33 62 16·8 ·2755i ·5923 
85 o8 l8g6·23 62 47'6 ·2575: ·5632 
86 18 l8g6·21 62 38·1 ·26331 ·5728 
87 05 18g6·22 62 42·0 '2641! ·5758 
85 25 1896·25 63 24·5 ·25701 ·5741 
81 42 1835·5 64 22 . . I 
85 26 1875·65 65 09·5 ·2517, ·5991 
86 59 1881'66 65 35 ·2 ·2449! ·5926 
86 35 1890·42 65 56·61 '2397j ·5879 
87 43 1890·41 65 30·610·241510·5826 

o I 
I 

.. I .. I .. 
6o 56 0·271910·439310·5597 
61 21 ·26841 ·49121 ·5598 
62 15 ·2628 ·49951 ·5644 
61 56 . . . . . . 

R. H. Fauntleroy 
and J. S. Rµth. 

J. B. Baylor. 
" 

G. \V. Dean. 
J.B. ~aylor. 

J. N. Nicollet. 
64 40 ·24871 ·5254 ·5813 F. P. Webber. 
65 13 ·2427: ·5255 ·5789 J. B. Baylbr. 
65 45 ·23861 ·5291 ·5suJ " 

62 44 ·2570 ·4g86j ·56!0 
62 34 ·2627 ·5o6o. ·5702 
62 39 ·2635 ·5094 ·5736 
63 20 ·2564 ·5105 ·5712 

65 190·24000·5222.0·5746 " . I I I 

•Longitudes are conntecl from Greenwich wcatwnrcl to 180°; when counted caatwnrd the lotter EI• profixed. 
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Collection of the most recent magnetic dips 1.md intensities observed in the United States and refe1-re<l 
to the epoch 1900·0-0ontinued. 

ALASKA. 

I 
--- ---- ------- --: Hor. I Tota1 -----i 

-

---Name of station. I~t. I .. ong. Date. Dip 8. force force 61900 H1900 i V1900 j F1900 Observer. , 

--·-----1 - --0 ,-1 -~~-------1_1_ i 
0 'I 0 0 / I 

Kyska Harbor. 51 59

1

.E177 3011873·5565 01·3 . . . . · · · · · · · · W. I-I. Dall. I' 

C~~~agof Hbr., Attu 52 56E173 12

1

1873·49

1

65 10·61. · · · , · · · · · · · · " 

c~~~~f~~fun~~y, Una- 53 ~4\ 167 301188o·75,67 13·810·20950·5414166 5010·205910·481I 0·5235 WB~k~~ll & M. ! 
Amaknak _Id., Iliuliuk 53 53:, 166 32 18¢·33 67 02·6

1 

·2057 ·5275J 66 581· ·2o64
1 

·4854,

1 

·5274 0. B. French. ; 
Hbr., Unalaska Id. I 

South Base, Portland 54 46I 130 24.1888·5874 34·6:
1
· ·1622 ·0099. 74 26 ·1634 ·5866 ·6o89 A. N. Wood. 

Canal. j 
Howcan Mission, Kai- 54 soj 132 50

1
1881 ·66 74 21 ·5i. ·1754 ·65o61

1 

_. H. E. Nichols. 
gani Straits. . 

, Little Koniushi, NW. 55 031 159 24i188o·5469 30·31' ·1936 ·5528

1 

. . . ! W. H. Dall & M. 
Hbr.', Shumagin Ids. I I I Baker. 

Tamgas Hbr, Gravina 55 04; 131 281883·5874 28·2j ·16o4 ·5989 H. E. Nichols. 

Islands. I I ' I Belkofsky settlement, 55 osl 162 oo 188o·56

1

69 16·2! ·1933 ·5461 . . W. H. Dall & M. 
Dolgoi Island. · ' I Baker. 

Mary Island. 55 o61 131 1411895·54.74 28·21 ·1593 ·5950 74 25 ·1598 ·5731 ·59481 0. B. French. 
Bay, Portland Canal. 55 13! 130 04 1888·66'75 14·21 ·1579 ·6197175 ooi ·1591 ·598o1 ·61871 A. N. Wood. 
Popof Isd., Humboldt 55 19 r6o 31

1

,188o·55'69 28·8: ·1940 ·5534 . . ; . . I W. H. Dall & M. 
Hbr, Shumagins. J 1 ! Baker. 

Wards Cove, Pen Isd., SS 23 131 44,1885·61 74 46·8 ·15~ ·59411 . . ' I R. A. Marr. 
Tongas Narrows. I l .- i I 

Kasaan Bay, Prince of 55 30 132 19l188o·36 73 58 1' . · 1 · . I W. H. Dall & M. 
Wales Archipelago. Baker. 

Union Bay. 55 45 132 12\1&q5·6o73 33·21 ·1669I ·5896 73 23\ ·16861 ·5650 ·5896 R. A. Marr. 
Head of Portland Canal. 55 56 130 00

1
1888·52 75 24·4 ·1545 ·6130

1 
75 16

1 
·1557 ·5921 ·6122 A. N. Wood. 

Burroughs Bay, Unuk 56 02 131 o6J1893·3975 l7"7i! ·15311 ·6o31I 75 13
1
: ·1538 ·5828 ·6o27 H. W. Edmonds. 

River. 
Sha kan, Prince of 56 09 133 38

1
·1881·63 74 49"7 ·1565,

1
. ·s9i)o1 . H. E. Nichols. 

Wales Islands. 
Fort IVrangell. 56 28 132 231'1893·48.75 1ro

1 
·1515

1
. ·5964\I 75 12

1
, ·1523 ·5762 ·5¢1 G. R. Putnam & 

East Base, Duncan. 56 36 133 o6·188]"58175 14·01 ·1555· "6o<J9I 75 o6· ·1569 ·58961 ·6100 C.~°.i:i!~h~win. 
H~:€i~.ngsBay,Sitka 56 52 135 20188o·4+5 01·9! ·1542! ·5971

1
• • l · . ) . ·I· . i wB:;ik~~ll&M. 

So~~~n~~se, Frederick 56 55 132 51 1887"43175 28·8: ·15361 ·6125 75 20, ·15501 ·5923' ·6120
1 

C. C. Marsh. 

Po~~~elay, Frederick 57 oo 133 2oj188rso175 15·2

1

1 
·1551

1

1 ·0094

1

75 o6 ·1565

1 

·5882

1

1 ·6o85\ " 

Sitka, Parade Ground. 57 03 135 2ol1S96•54l74 59·7 ·1537 ·5937 74 58

1 

·1535 ·5713 ·5915 F. Morse. 
St. George} Pribilof { 56 36 169 32 1189]"69.69 54·1 ·1877I· ·54621 . . . . I . . . . I G. R. ~utnam. 
St. Paul Islands. 57 07 170 l6'189rs3J70 24·2 ·1838, ·54801 . . . . . I . . 
Woewodsky, opposite 57 10 134 i5'l1889·4875 36 ·15251 ·6135' 75 291 ·1536 ·5932

1 
·6128

1 
A. N. Wood. 

Port Townsend. I 
Cape Fanshaw. 57 11 133 34'188]"53 75 30·4 ·1538 ·6146, 75 22

1 

·1552 ·59441 ·6144l C. C. Marsh. 
Cleveland Passage. 57 12 133 30[1889·34 75 37 ·1538\ ·61911 75 30 ·r550 ·5992 ·61901 A. N. Wood. 
Poke. 57 27 133 50•1889•52

1

75 40 ·15III ·0099 75 33 ·r522I ·5906 ·6099 " 
Killisnoo. 57 27 134 30!1895·6876 38·0 ·1421 ·6149176 35, ·1426. ·5977 ·6146 R. I•'. Lopez. 
Povorotny, Peril Strait. 57 28 135 28

1
188o·38

1

75 03·4 . . I . . . . 1 · · 1 · · \ · · WB~k~~ll & M. 

Clot, Holkham Bay. 57 41 133 2811889·72 75 54 ·14851 ·0096 75 47 ·1496 ·59o6 ·6o92I A. N. Wood. 
Marble Bluff, Chatham 57 45 134 44.188o·39'75 57"3 . . . . . . 1 · · I · · J · · W. H. Dall & M. 

St~ip!~i, Kadiak Isd. 57 48 152 24 1896·44 72 19°8 ·1719\ ·5663 72 16
1 

·1724! ·53911 ·5659 H~:.k:itter. 
North Base, Stephen 58 oo 134 04 1888·35 75 46·8 . . I . . 75 38/ . . , . . · · A. N. Wood. 

Passage. i / I 
Near Point Marsden, 58 05 134 49 188o·39176 o2"J ·1440' ·59681 . . I W. H. Dall & 

Admiralty Inlet. I j M. Baker. 
Port Althorp, Cross Sd. 58 12 136 24188o·4675 22·3 ·1512 ·5986i . . . . · · " 
Auke Point. 

1

. 58 12 134331890·4875 58 ·1473 ·6o76I 75 511 ·1483 ·5882 ·6o67 H. C. Pound-

! 
stone. 

Cross Sound. 58 12 136 05,1794·5 78 58·5 . . . . f . . I . . J G. Vancouver. 
Punter Bay. 58 14 134 55:1890·65 76 04 ·\ ·1459 ·6o59I 75 57I ·r469 ·58701 ·6o52 H. C. Pound-

i ' I I I , I J stone. 
, 58 24 134 46;1890·41 76 03 lo·14690·6o<Js: 75 56'o·r479[0·59030·6o85 " Pt. Lena, Lynn Calial. 
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Oollection of the most recent magnetic dips and intcnsiUes observed in the United States and referred 
to the epoch 1900·0-Continued. 

ALASKA-Continued. 

Name of station. 
I Hor. Total , --=l 

l,at. Long. I Dnte. lJip 8. force force e,_ H1900 ! V1\)(lo F1900 Observer. 
H. F. . 

---------- --- ---- --- ------- --------- ----
0 I I I I II o I 

Taku River, ast. st'n. 58 26 
Pt. Whidbey, Lynn 5S 36 

Canal. 
Lituya Bay, Port Fran- 58 39 

s;a1s. 
Camp Muir, Glacier Bay. 5S 50 
Seduction Island, Lynn 59 oo 

Canal. 
Anchorage Pt., Chilkat I 59 ro 

Inlet. 1 

Kohklux,ChilkatRiver. 59 24

1 
Kliantaak Isd., Port 59 34 

Mulgrave, Yakutat 
Bay. 

Coal Pt., Cook Inlet. 

Chalmer Haven. 
St. Michael, Norton Sd. 
Norton Bay. 
Camp Davidson, Yukon 

River. 
Port Clarence. 

59 36 

6o r6 
63 29 

I 64 3l 
'64 41 

65 16 

CliamissoHarbor, Kot-· 66 13 
zebue Sound. I 

Fort Yukon. 66 34 
Camp Colonna, Porcu- 67 25 

pine River. 
Near Cape Lisburne. 

On ice near Nuwnak. 
Sandy Beach, near Icy 

Cape. 
Foggy Island. 

68 53 

o I 0 

133 591893·5676 09·8
1

0·14290·5975 76 050·1435'0·57900·5967 0. B. French. 
135 l5188o·4076 2r3 . . ,. . . . . 

1

1 I W. H. Dall & IJ 
M. Baker. 

137 30(86·5 73 52 . . J . . . . : J. F. G. de la Pe- 1 

136 05:1890·6775 51 ·150' ·614, 75 451 ·151 ·5946 ·6135 H~~~~~id. 
135 221188o·41 76 44·3 . . J

1 

• • ' • • I W. H. Dall & 
I M. Baker. 

135 28,1894·56 75 22·8 ·15191 ·6o181 75 19. ·1525 ·5819 ·6o16 J. F. Hayford. 

135 53 l869·59J75 44 · 1520 ·6o31 . . I I G. Davidson. 
139 47

1

1892·67176 u·5 ·1422! ·5957 16 oajo·14270·51s1J°·5954! J. H. Turner. 

151 24.188o·4973 59·6 ·1597 ·5793 I W. H. Dall & 
M. Baker. 

147 20 1794·5 77 o8·5 ,, G. Vancouver. 
162 01 l8g1·3275 05·0 ·1474 ·5729 H. W. Edmonds. 
162 47 1778·5 76 25 , J. Cook. 
140 5411891·2278 33·9

1 

·1173 ·5918 J.E. McGrath. 

166 5118So·6876 04·0 ·1393 ·5786 W. H. Dall & 
I M. Baker. 

161 49i188o·6677 17'4· ·1287 ·5849 

145 18/1890·61!79 37'8 ·1070 ·5944 
140 5911890·4618o 36·9 ·0972 ·5961: 

166 05/188o·6478 53·0 ·n34 ·5883 

143 501851·5 /82 58 
162. l51188o•6518o 07'S 'I012 ·5go6 

147 38·1825·5 S2 26 

i 
: H.W. Ed111onds. 

" 
\V. H. Dall & 

M. Baker. 
R. Collinson. 
W. H. Dall & 

M. Baker. 
J. Franklin. 

159 4olr88o·65 Bo 52·6, ·0938 ·5919 

Uglaamie, Point Bar- 156 40,\1882·7581 23·4o·o8930·5¢3J! 
row. 

1 
Plover Pt., Pt. Barrow. 71 21 156 161854·5 Sr 36 i 

Near Pt. Belcher. W. H. Dall & 
M. Baker. 

P.H. Ray & 5 
observers. 

R. Maguir~. 
Point Barrow, extreme 71 23 156 20,1881 ·6 ·Sr 18 .

1 
• 

point. I 
On ice north and east 71 26 147 26J1S5r5 83 05 

U. S. Revenue 
Marine. 

I R. Collinson. 
of Point Barrow. 

on ice_,_A_r_c_t_ic_o_ce_a_n_._.:__1_1_2_1-'--r-55_1_4'-J r.~::~~-e__:.9 _____ J_ __ I 

Santa Cruz River. 
San Bernardino. 
Nogales. 
Station 45. 

Yuma, near Gila Junct. 
Station 44. 

,, 

43. 
r. 
2. 

3· 
4. 
42. 
20. 
39. 

I 
31 lSI 
31 20; 
31 20, 
32 411 

32 43/ 

32 441 

32 49: 
32 5011 
32 50 
32 531 
32 57 
32 58i 
32 59 
32 59: 

.ARIZONA. 

lro 31J1855·37 57 28 0·2S44Jo·52S9I . . 1' . . , . . J . · I W. H. Emory. 
r09 14 rs55·32 57 19 ·2883 ·53391 · · . . . · I · · " 
no 56,'1892·3057 49·1 ·2S19 ·5293 57 49c,·27S710·4428'0·5232, O.B. French. 
u4 051851 58 25 . . . . . . I . . . . . . W. H. Emory & 

I I T. W. Chand-
1 I ler. 

rr4 3711892·21 58 42·90·27670·5328; 58 43 0·2735 0·4502.0·5267 O. B. French. 
n3 501851 58 30 I . I W. H. Emory & 

1

1 I T. W. Chand-
. ler. 

113 33, 58 43 
109 34• " 59 19 
109 371 " 59 12 
log 44 59 12 
109 49' 59 20 
ll3 III 59 17 
llO 40, " 59 I I 

" 

II2 431 " 58 49 
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Collection ol the most recent magnetic dips and intensities observed in the United States and referred 
· to the epoch 1900·0-Continued. 

ARIZONA-Continued. 

Name of station. I Lat. II I,ong. 1

1 
Date. I Dip. IJ. l~~~~ r~~~ I /J,900 I H.900 I V,900 II F,9<>0 Ohse~·er. - --, 

: H. F. i 
-------' , __________ ,_o_;---0-,-i--·--,-- --------~:-·· r---i---- I 

Station 38. 33 oo l 12 3911851 158 53 

28. 33 01 l II 23/ " '59 16 
40. 33 02 Il2 55 159 I6 
21. 33 03 IIO 46 " 58 59 
27. 33 03 I II 16 " .59 20 
5. 33 04 109 55 159 27 
26. 33 04 Ill II 59 25 
29. 33 04 III 34 " 59 o6 
19. 33 05 IIO 35 59 05 
22. 33 051 rro 501 59 13 
6. 33 o61 JIO 00 59 38 
24. 33 o6 II I 02 " 59 20 
23. 33 07 110 55 " 59 23 
30. 33 o8 III 44 59 o6 
I2. 33 09 IIO 26 " 59 37 
13. 33 09 IIO 28 " 58 58 
15. 33 09 I!O JI 59 28 
32. 33 09 III 57 59 22 
7. 33 IOI l!O 03 59 42 
31. 33 IO, I JI 54j 59 28 
8. 3333 1122'1, IJO !Oj 59 37 
JO. I IO 19, " 159 34 
17. 33 12 110 42:, " 59 23 
9. 33 13 I IO I9: " 59 45 ! . . I • . i 

Williams River. 34 131 lI3 33 1854·1316o o8 ;0·27810·5584
1 

Camp 123. 34 I4: u3 39!1854 ·13 6o 10 1 ·2768 ·5565, 
Willtarus River. 

3
3
4
4 II

7
7i; II3 26i1854·12

1
6o I4 ·2777 ·5593: 

Camp 126. II3 5611854·r4'6o II ·2765 ·5561 1 

On Colorado River. 34 231 II4 o6,I854·I4!6o 34 ·2739 ·5574! 
Camp I29. 34 27j II4 Il1I854·I4'6o 35 1 ·2740! ·5579! 
Williams River. 34 32/ II3 28iI854· u;oo 44 ·2727J ·5579' 
Williams River. 34 36 II3 28jI854·u 6o 36 ·27301 ·556r[ 
Camp I30. 34 36 Il4 I6

1
1854·I56o 30 ·2747 ·55791 

" I32. 34 46 II4 23jI854·I5 6o 48 ·2724 •5584 1 

135. 34 52 Il4 32:I854·I66o 57 ·2723, ·5007: 
Colorado Chiquito or 34 53 I IO 04'1853 ·93 62 I5 ·2667 ·5727/ 

Flax River. I 1 

Pueblo Creek. 134 56 112 46:1854·o66I 13 ·2726 ·5662. 
Xear Rio Puerco of the 34 58/ 109 52 1853 ·92 6r 46 ·2707 ·5722

1 West. / 
Williams River. 34 59: II2 571854·o6161 o6 ·2730 ·5648. 
On Colorado Chiquito. 35 ool' no 25:1853·93 6I 54 ·269II ·57131 
" " " 35 OI IIO 301

11853 ·94 61 4I ·27o61 ·57041 
Big Horse Spring. 35 01 II3 361854·096I 02 ·2709, ·5593 
Near Lithodendron Cr. 35 02 I09 41/I853 ·92/61 57 ·26881 ·5717/ 
Jacobs We11. 35 04:, 109 I4 1853 ·91 6I 59 ·2699 ·5745. 
On Colorado Chiquito. 35 05 I JO 33 1853 ·95 6I 44 ·26991 ·56991 
Navajo Spring. 35 o6 109 20 1853 ·91 6I 58 ·2702! ·5750 
Carriso Creek. 35 o6 I09 32 1853 ·92 62 05 ·2687' ·5740 
Williams River. 35 07 113 r31854·o86I 17 ·2665! ·55471 
White Cliff Creek. 35 o8 113 3I l854·096o 48 ·27551 ·5648 
On Colorado Chiquito. 35 12

1 

1 IO 37 1853 ·¢
1
6r 45 ·27o8 ·5722 

Headof\VhiteCltffCr. ,. 35 12 113 2I 1854·o86I 14 ·2738 ·5690 
Saroux Spring. 35 17 III 391853·99161 33 ·27rr ·56go 
On Colorado Chiquito.135 I8l no 531853·g66I 55 ·26gI ·5717 
" " " 35 21 rro 561853·97 62 03 ·2697 ·5754 

Cedar Creek. 35 21 II2 201854·02 62 o6 /0·26881°"5745 

'-----------'-I ---'---- ---·-·--·-----'----'----
ARKANSAS. 

. ; 

W. H. Emory & 
T. W. Chand­
ler. 

J. C. Ives & A. 
\V. Whipple. 

" 

j Helena. 
~ittle Rock. 

34 32 90 35/1890·37,64 3nlo·:~~4/0·5852/ 64 26
1

0·2498lo·5222lo·57891 J.B. Baylor. l 
34 44 ~-2 j~-~·26i64 4s·s

1
0·2466i°"5795l 64 45fo·246o1°"5216jo·5766 c. R. Putnam. J 
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Collection of the most recent magnetiu dip.<t and intensities observed in the United States and ?"ejerred 
to the epoch 1900·0-Continued. 

Nnn1e of station. 

New River'. 
San Diego, La Playa. 
San Diego, City Park. 
Foster. 
Santa Maria. 
Santa Isabella. 
Oceanside. 
Capistrano. 
Newport Beach. 
Elsinore. 
Indio. 
San Pedro. 
San Jacinto. 
Los Angeles Base SE. 
Dominguez Hill. 

Los Angeles Base NW. 
Santa Monica. 
Los Angeles Mag'c.Obs. 
Los Angeles Elysian 

Park. 
San Bernardino. 
North Pomona. 
San Buenaventura. 

CALIFORNIA. 

I 1 ·--I Hor. j ·rotal ! I --·1 
Lat. Long. Dale. I Dip.9 force 

1 
force I 0,000 H,900 V1900 Fmo Observer. 

I H. ' F. I I --:-; -·--:--, ---1~-, ---ll-11-0 -~ - -1- __ ! ________ ----
32 42 II5 25 1849·5 58 19 . . . . . . . . . . 1 . . W. H. Emory. 
32 42 n7 I4 l89r12 58 04·90·278910·52751} • • I . lro. B. French. 
32 43 II7 IO 1892·I058 or6 ·2795 ·5278j 57 580 2754° 44°21° Sl93 tG. R. Putnam. 
32 54, II6 55 1897:13 58 50·0 ·2726 ·5268I 58 50 ·2718 '44941 ·52521 0. Il. French. 
33 02 116 51 1849 5 58 42 . . . . 1 . . I W. H. Emory. 
33 08 u6 41 1849·5 158 48 . . I . . . . 1 • • 1 " 
33 12 II7 24 1897'11

1

58 35·7 ·2769 ·5315

1

58 361 ·2761 ·4523! ·52991 0. Il. French. 
33 30 l17 4011897'11 59 00·5 ·27451 ·5332 59 00 ·2737 ·4555I ·53141 " 
33 36 u7 s5\189r11js9 02·3 ·2743 ·5331 59 021

1 
·2735 ·4558/ ·5315 " 

33 40 u7 20 189r1s\6o 15·0 ·2701 '54441 6o 15 ·2693 ·4712 ·5427 " 
33 43

1 
n6 12

1
1897'17 59 18·1 ·2739 ·5365 59 181 ·2731 ·4599 '53491 " 

3
3
3
3 

44
47

1 II8 1711897'09159 04·4 ·2724 ·5301 59 04 ·2717 ·4534 ·52861 " 
II6 571897'1559 22'8 '2729 ·5357 59 23 '2721 ·4598 ·5343 '.' 

33 47 II7 57 l890·33j . . ·2746 ·2720 . . J. J. Gilbert. 
33 52 I 18 14 1870·21

1

58 49·2 ·2792 ·5395 58 49 ·27o8 ·4474 ·5230 S. R. Throck-

1 

morton. 
33 55

1

. u8 04 1890·43 . . ·2730· ·2704 I. \Vinston. 
34 01 u8 30189ro8 59 15'8 ·2726 :s334i S9 ~5 ·272 :45.]2 ·5320 o. B. French. 
34 03 u8 15 1889·3ol59 33·2 ·2717 ·5362i 59 331 '2687 '45711 ·5302 R. A. Marr. 
34 04

1 
118 r5,1892·1459 35·1 ·2697 ·5327 59 35 ·2677 ·456ol ·52881 G. R. Putnam. 

34 o61 u7 18 189ro7 59 40·4 ·2717 ·53811 59 40 ·2709 ·4630 ·5364 O. R. French. 
34 o6, u7 4si189ro8 59 37'7 ·2667 ·5276~ 59 38 ·2659 ·45381 ·526o " 
34 161 u9 16 1870'04 59 u ·s ·2775 ·54181 59 12 ·2692 ·4516J ·5257 S. R. Throck-

1 \ 1 morton. 
Santa Barbara. 34 25 119 4211881·2859 19·2 ·27071 ·53o6j 59 19 ·2656 ~4476' ·5205 H. E. Nichols. 
ElCoxo, Pt. Conception. 34 271

1 
120 27

1

1872·94,58 51·0 ·2723I ·5.263

1 

58 56 ·2650 ·43991 ·5135 S. R. Throck-
1 morton. 

Bagdad. 34 35 I 15 53 189ro3 6o 2r8 ·26851 ·5447 60 28 ·2677 ·4725i ·5431 O. B. French. 
Oro Grande. 34 351 117 2ol189ro6[6o 31·2 ·2663, :541216o 31 ·265s ·46961 ·5394 " 
Santa Inez. 34 36

1 

120 JI 1831·4 l6o 53 ·26831 ·5515 . . D. Douglas. 
La Purissima. 34 40 120 27,1831·4 6o 53 ·26691 ·5482 . . . . i " 
Needles. 34 50, 114361895·18[6o 56·1 ·2647 ·54491 6o 56 ·2622 ·4718 ·5396 E. Smith. 
Barstow. 3.f 54i 117 01 189ro316o 35·2 ·26481 ·5391 6o 35 ·264 ·46821 ·5375 0. B. French. 
Blake. 34 551 us 04189ro66o 35·9 ·26581 ·5415 6o 36 ·2650 ·4703 ·5398 " 
Kramer. 34 591

1 
l 17 36 189ro2l6o 2ro ·2654 ·5381 6o 27 ·2646 ·4667

1 
·5365 

Soda Lake. 35 03 IIS 59 1854·1861 07 ·27o6i ·56o2 I J.C. Ives and A. 

Piute Creek. 
Sand Camp. 

San I,uis ObiSJ?O. 
Near Marl Spnng. 

Manvel. 
San Miguel. 
San Antonio. 
La Soledad. 
Mount Toro. 

I I W. Whipple. 
35 06, 114 54 1854·17 61 IO ·2704 ·50071 . . " 
35 061 II5 46 1854·18 6o 49 ·2730, ·5598 J.C. Ives and A. 

I 
I ) W. Whipple. 

35 : 1 120 44 1881·296o 30·0, ·268gl ·5461 6o 30 ·2638 ·4663i '5357 H. E. Nichols. 
135 III II5 3311854·186o 56 I ·2710 ·5579

1 
. ' I J. ir.I~~~1i~~1:.· 

I 
35 17

1

; rr5 14 1897·04 61 2r51 ·2641 ·5509 61 22 ·26331 ·4823I ·5495 0. B. French. 
35 45 121 001831·3 61 40 ·2617 ·5515 

1
- I D. Douglas. 

I 36 011 121 181831'3 61 46 I ·2615 ·5528 : : I : : I . . " 

1 36 32 121 36 1885·09 . . . ·26121 :25.]31 : : I . . G. Davidson and 
I 36 241. 121 241831 ·3 62 04 I ·26oo ·5551 I " 

i I I I [ ' I F. Morse. 

:~~{::i~~h!\~~e~~~~-: ~~ ~~; ~~~ ;~,1 ~~§~:~~ 161. 1~·91, :~;~§I ·5402 61 IO :~;~~) :46~9; :53~ol ~'. ~~~d~onand 
Pncta. [ I ) i I R. A. Marr. 

Mount Hamilton, Lick I 37 20 121 38·1888·8261 52·1 ·2573·1 ·5457 61 52 ·2545 ·4760 ·5397 R. A. Marr. 
Observatory. I I I I 

Sierra Morena. · 37 24[ 122 181884·04 ·2555 . . ·25141 . . 1· . . ' G. Davidson and 
I ' I I R. A. Marr. 

Mocho. 37 29
1 

121 33 1887'66 ·2582
1 

. . I • • ·2550

1 

. . F. Morse. 
San Jose. 37 32· 122 oo 1831 ·5 162 52 ·2559_ ·56III . . . . . . I D. Douglas. 
San Fra11cisco, Presidio. 37 481' 122 27 1896·0262 28·3 ·2522

1
1 ·5457 62 23 ·24861 ·47511 ·5362 F. Morse. 

Mount Diablo. 
1 

37 53_ 121 55 1884·92/1 ·2555 . . · . . ·25171 G. Davidson and 

I 
i I R..A. Marr. 

1 Mount Conness. 37 58, II9 19 1890·661 · · ·2416 . . ; . . ·2394 . . ' . . I. \Vmston. 
1 Mare Island Navy-Yard. 38 06 122 16

1

1887·28 62 23 ·o) ·26101[ ·5630: 62 23 0·2576,0·4924;0·5557 C. C. Marsh. 
San Francisco Solano. 38 17[ 122 24 1831·5 163 24 ·2521 ·5634 . . . . . . . . D. Douglas. 
Port Bodega. 38 181 123 02 1839:5 62 53·40:25o8lo·5505: . . . . . . I . . E. Belc_her. 
Bodego station. 38 18: 123 OOi186o 62 , . 2563 . , ; . • , • , • 1 • , G. Davidson, 
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Collection of the most recent magnetic dips and intensities observed in the Unite<l States and rtferre'd 
to the epoch 1900·0-Continued. . 

Fort Romantsof, Bodega 
Head. 

Vaca. 
Sacramento, grounds . 

of capitol. 
Monticello. 
Point Arena. 
Lake Tahoe, SE. 
Marysville, Cortez sqr. 
Blue Canyon. 

Cape Mendocino Light. 

Trinidad. 
La Junta, near Eclipse 

station. 
\Vest Las Animas. 
Uncompahgre. 
North Pueblo, near 

court-house. 
Ouray. 

I Gunnison C. H. 
I Colorado Springs. 

Pikes Peak. 
Manitou, near Navajo 

soda spring. 
Chi9,uita. 
Mt. rreasury. 
Grand Junction. 
Tavaputs. 
Denver. 

Stamford. 
Norwalk. 
Bridgeport. 
Double Beach. 
Lighthouse Point. 
Tashua. 

Saybrook. 
New Haven, Oyster Pt. 
Fort Wooster. 
New Haven, College. 
New London. 
Stonington. 
\Vooster. 
Centerville. 
Sandford. 
Hartford, Park station. 
Box Hill. 

Ivy. 

Bald Hill. 

O I 

38 19· 

38 22 
38 36 

38 401 
38 54 
38 57 
39 09 
39 15 

40 261 

37 10 
37 59 

38 04 
38 04 
38 18 

38•25 
38 33 
38 50 
38 50 
38 52 

38 55 
39 00 
39 04 
39 32 
39 45 

!~ ~ii 
41 IOI 41 14 
41 15 
41 16: 

41 161 
41 17 
41 17 
41 19 
41 18 
41 20 
41 21 
41 23 
41 28 
41 46. 
41 48 

41 52 

41 58 

CALIFORNIA-Continued. 

V. M. Golovnin. 

E. F. Dickins. 
R. A. Marr. 

122 II 188o·79 63 14·2 ·2499' ·5549 63 14· ·2427 ·4810 ·53881 J. J. Gilbert. 
123 421889·11162 58·6 ·24841 ·5466 62 59

1 

·2443 ·4790 ·5378 R. A. Marr. 
119 57 1895·83 63 48·8 ·24501 ·5551 63 49i ·2434 ·4950 ·5516i C.H. Sinclair. 
121 3511889·1563 43·5 ·2452: ·5540 63 44

1

. ·2417 ·48971 ·5461· R.A. Marr. 
120 47 1881 ·27164 22·3 ·2425' ·5007 64 22 ·2358 ·4915 ·5451 W. Eimbeckand 

I I R. A. Marr. 
124 24

1

1886·27 64 23·7

1

0·2403
1
0·5500 64 24

1

0·2300

1

0·4926

1

0·5462 G. Davidson and 
, F. Morse. 

! : I -----'--------'---··---'-----'------'----'---------l 

COLORADO. 

104 30 1888·85 64 59·80·2435 0·576) 64 54lo·24o8llo·51400·5675I J. ~~~ylor. l 
103331878·5666 02·3 ·2433 ·59901 65 52 ·2381 ·5315 ·5824 T. E. Thorpe. 

103 01 1888·81 66 lT6 ·2374 ·5905 66 16 ·2348 ·5340 ·5834 J.B. Baylor. 
107 281895·6466 23·2 ·238o ·5942 66 21 ·2370·1 ·5412 ·5907 R. L. Faris. 
104 37 1888·83 66 19·6 ·2355 ·5866 66 14 ·2329 ·5289 ·578o J.B. Baylor. 

1o6 141894·5767 24·1 ·2361 ·6144 67 21 ·2348 ·5626 ·0096, R. L. Faris. 
lo6 56 1886·46 66 39·8 ·2352 ·5937 66 33 ·2320 ·5348 ·583oj E. Smith. 
104 4911886·52 67 03·5 ·2300 ·5901 66 57 ·2269 ·5332 ·5794; " 
105 03 1895·57 66 55·6 ·2305 ·5881 66 53 ·2295 ·5376 ·5845! J. Nelson. 
104 55'.1878·5966 59·2 ·2335 ·5974 66 48 ·2285 ·5331 ·58ori T. E. Thorpe. 

1o8 3911895·41 . . ·2349 ' ·2338
1 

. . I W. Eimbeck. 
107 o611893·6666 39·0 ·2321 ·5856 66 36 ·23ool ·5315 ·57901 R. L. Faris. 
108 34!1895·4066 20·4 ·2338 ·5826 66 18 ·2327 ·5302 ·57891 " 
109 00

1
1891·8o66 40·0 ·23381 ·5903 66 36 ·23191 ·5359 ·5838i P.A. Welker. 

104 59'1888·8367 2r70·2269llo·5921 67 220·224310·5379,0·5828·1 J.B. Baylor. 
I I I , 

CONNECTICUT. 

73 3211844·70!73 02·30·179110·6141 . ! . . . . J. Renwick. 
73 25!1844·70

1
73 09·8 . · 1 . . : 1 · . . . " 

72 511884·5572 50·4 ·1793. ·0076 72 040·18350:56']00:5961 O.T.Sherman. 
73 I111845·71 73 21·3 ·1723 ·0017 

72 541884·49 72 46·1 ·1797' ·6o67 72 oo' ·1839: ·5659 ·5951 " 
73 15:1863·6773 00·8 ·1792 ·6135 71 30: 1· . . S.H.Lymanand 

I 
1 I G. W. Dean. 

72 211845·6374 33·8 ·1643 ·6173 . . 1· . . J. Renwick. 
72 56

1
1855·63 73 44·5 ·1701 ·0076 l C. A. Schott. 

72 541848·6474·12·6, ·1668 ·6129 I J.S:Ruth. 
72 56

1

11895·65 72 28·2 ·18o6 ·5996 h2 07 ·1861 ·5768 ·6o61

1 

J.B. Baylor. 
72 oo 1845·62 72 57"9 . . J. Renwick. 
71 541845·0073 25·1 ·1728 ·0055 i •. ' " 
73 29

1

1864·6 73 24·6 ·1700 ·6165 71 54i . · 1 R. E. Halter. 
72 541884·5 72 49·9 ·1787 ·0054 72 03 ·1829

1 
·5645 ·5934 0. T. Sherman. 

72 57,1862·75 73 33·3 ·1777 ·6278 72 ool . . , . . E. Goodfellow. 
72 40:1890·7873 o6·o ·1748 ·0014 72 46jo·1772·0-57140-5981 J.B. Baylor. 
72 27

1
·'.1861 ·Sr 73 57"9 ·1726 ·6249 72 241 1 G. W. Dean and 

R. E. Halter. 
73 14

1
.1863·5 73 32·0

1
1 ·1748 ·6169 72 or S.H.Lymanand 

G. W. Dean. 
72 r2;l.1861·70173 47"5

1

1

0·17130·6136 72 12 G. W. Dean and 
R. E. Halter. 
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Collection of the most recent magnetic dips and intensities observed in the United States and referred 
to the epoch 1900·0-Continned. 

D1gsboro. 
Pilottown. 
Cape Henlopen 

house. 
Bombay Hook. 
Delaware City. 
Fort Delaware. 
Sawyer. 
Wilmington. 

o I 

38 35 
38 47 

Light- 38 47 

39 22 
39 35 
39 35 
39 42 
39 47 

DELAWARE. 

I Hor. I Total I -- -[-----1---,----i---------=--i 
Long. I Dute. i Dip 6. f1~~e ro;~e I 6w>o i Hr900 I v,_ Fr9J<) ' 0\>sen·er. I 

·_1_ ----1_1 ___ 1 _______________ , ___ ----1----------
0 1[ lo / J [ o ,[ ! 
75 16,1856:6671 03:110:2005

1
0:61741 .. J .. , . . . . C. A. Schott. 

75 10,1846 50J11 18 5! 1978 6112: . . I • • • . . . J. Locke. 
75 05i1885·58i70 39·6i ·1985 ·5994I 70 01!0·1999,0•5498[0·5851 J.B. Baylor. 

75 31 1846·46
1
71 39·51 ·1937 ·61551 

1 

• • I . i . J. Locke. 
75 36 1842·5 /7I 46 . . . . . . I . • J . . I . · 1 E. Barnett. 
75 341846:4s71 34:9 :1949 :6167[ . . J . . - . . . . J. Lo~~e. 
15 34 18464211 51 5 1925/ 6215_ . . . . J . . _ . . 
75 32 1875·54?1 24·010·2012Jo·63o8! 70 43!0·2037Jo·5822

1
0·6169j J. M. Poole. 

'--------- - -- --------'-----'----------'------'-----------'--~----'---------' 
DISTRICT OF COLUl\IBIA. 

I
-----:Vashinglon, c~~ G. s. 138 53 --~7-c:1~96·37i69 58·4!0·2037 0·5948i-r T I Various observ-

office and adjacent I \ j I J · J ers and C. C. 
stations.* / I . . 8 Yates in 1896. 

Washington, U.S. Na-138 54 77 031891·5071 05·0 ·1985 ·61251 9 541°'
202

3° 5527° 5 
86

1 J. A. Hoogewerff 
val Obs'y, old site. I J I I andC.C.Marsh. 

Washington, U. S. :Na- 38 55 77 04 1894·50
1
70 34·3 ·19981 ·6oo7 : C. C. Marsh. 

val Obs'y, George- J [ I l 
town Heights. I \ I 

Washington,groundsof 38 53 77 02 1855·6 1'1 27·0, ·2000 ·6285J C. A. Schott. 
Smithsonian Inst. I J ' 

Washington, near Pat- 38 54 77 011844·2771 l5'0i ·1978 ·6155/ J. Locke. 
ent Office. I l 

Washiugton,nearPresi- 38·54 77 021853·41!71 21·41 .... 
1
: J.M. Gilliss. 

dent's house. I I 
Causten, Georgetown 38 56 77 04

1

1855·69,71 30·2,o·r¢o10·6178; J C .. A. Scho:Jt. 
Heights, West Wash- I I [ f 

~-i-n-gton. ____ J _____ j __ J ____ L__ , 
• On Capitol nm. Y!cinity of Capitol nnd Congroseionnl Liurnry. 

Saud Key. 
Key West, magnetic 

observatory and army 
hospital. 

Bird Key, Dry Tortu- 24 37 
gas. 

Cape Florida, Key Bis- 25 40 
cayne. 

Hills, Hillsboro River. 26 16 
Punta Rasa, Charlotte ... 6 29 

Harbor. 
Fort Jupiter, near 26 54 

Light-house. 
House of Refuge No.2, 

Indian River. 
Bell, Indian River. 
St. Lucie, Indian River, 

Fort Capron. 
Tampa. 
Eau Gallie, old agricul­

tural college. 
Enterprise. 
Depot Key and Way 

Key, Cedar Keys; 
Transit of Venus sta-
tion. 

27 121 

1
27 28[ 
27 29 

27 571 
28 09· 

28 531 
29 oS; I 

Gainesville. 29 38 
Apalachicola. I 29 431 
St. Augustine, near old 29 54 

fort, I 

FLORIDA. 

81 53l1849·64l!54 25·8\0·3II6
1

0·5357

1

:}54 2:/0~:410 .4153 \0 .5107 { J. E.Hilgard. 
81 48118¢·12

1

54 24·6i ·2992 ·5141 l G. R. Putnam. 

82 54j18So·o3i54 12·6/ ·3oSs ·521s[ 54 03 ·3025 ·41111 ·s1s2, s. M. Ackley. 

8o ro 1850·15f56 13·0! ·3050

1 

·5485 I J.E. Hilgard. 

8o 05,1884·00·57 01·61 . . 56 50 . . , B. A. Colonna. 
82 01.1866·50;57 12'3 ·3035 ·5604 56 52 . . A. T. Mosman. 

8o 05J188o·19i57 38·5' ·2895 ·5408 57 23 ·2866 ·4479. ·5318! J.B. Baylor. 

8o 10:1883·22!57 43·8! ·2879 ·5395 57 3ol ·2855 ·4481J ·53141 B. A. Colonna. 

Bo 20 1883 ·35158 00·9) ·2915 ·5505 57 48j ·2891 ·4591 ·5426 " 
Bo 15 188o·1758 16·8; ·2903 ·5522 58 011 ·2874 ·46o3 •5426; J.B. Baylor. 

I r I · 
82 27.188ros 58 37'8, ·2848 ·5472 58 29' ·2830 ·4615· ·5414, 
8o 37 188o·15158 52·1 ·2881 ·5572 58 321 ·2852 ·46591 ·5463' 

81 14l188o·13j6o ors ·2791 ·56o3 59 481 ·2763 ·4747l ·5493j 
83 °31

1

'.BBr"I" ,,., .,,.. ·ss" s• 4' ·,,,o ·4700! .,.,..

1 
82 19 J88p3,6o 39'2 '2723 '5555 6o 26 '2705 ·47681 ·5483: II 

84 59 186o·og6o 19·41 ·2852 ·576o 59 47 . . . I . . : G. W. Dean. 
81 191188o'IIj61 09·2 0·2732 0·5662 6o 4810·2705 0·4841 0·5546! J.B. Baylor. 
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Collection of the most recent magnetic dips and intensities observed in the United States and referred 
to the epoch 1900·0-Continued. 

I 

I 

I 

Nan1e of station. 

Baldwin. 
Jacksonville. 
Pensacola, Navfi Yard. 
Pensacola, pub ic sq. 
Tallahassee. 
Fernandina. 

Dupont or Lawton. 
Brunswick. 
'Vaycross. 
Butler. 
Jesup. 
Tybee Light-house. 
Savannah, Hutchin-
son's Isd. 

Macon Academy. 
Milledgeville. 
Augusta. 
Atlanta. 
Atlanta Middle Base. 
Athens. 
Kenesaw. 
Carnes. 
Sweat. 
Cumming. 
Sawnee. 
Rome. 
Pine Log. 
Lavender. 
Grassy. 
Currahee. 
Johns. 

Lewiston. 
Lake Pend d'Oreille 

Landing. 
Seneagouteen. 
Pack River. 

I Chelemta Depot. 
L__ 

Cairo. 
Golconda. 
Sandoval. 
East St. Louis. 
Collinsville. 
Highland. 
Edwardsville. 
Alton. 
Upper Alton. 
Monticello. 
Bunker Hill. 
Macon. 
Springfield. 
Beardstown. 
Copperas Creek. 
Bloomington. 
Pekin. 

I Lat. i 

--
0 I 

30 19 
30 20 
30 21 
30 251 
30 261 
30 40, 

30 58 
31 og 
31 II 
31 18 
31 36 
32 02 
32 05 

32 50 
33 04 
33 28 
33 44 
33 54 
33 57 
33 59 
34 00 
34 04 
34 12 
34 14 
34 15 
34 19 
34 19 
34 29 
34 32 

·34 37 

37 Ol 

37 23 
38 37 
38 38 
38 39 
38 45 
38 50 
38 54 
38 55 
38 57 
39 04 
39 42 
39 50 
40 00 

I 

1

40 301 
40 31 
40 35 

FLORIDA-Continued. 

I ' Hor. Total! u,-[ v,_, 
Long. Date. I Dip9 force force 9,_ F1900 

ll. F. 

---------- ---------------
0 I 0 I 0 I 

81 56 188ro6l61 19·50·26700·5564 61 05 0·2652 0·479910·5484 
81 39 188o·106r 43·2 ·2701 ·5700 61 21 ·2674 ·4895 ·5577 
87 16 1895·2216o 39·1 ·2665 ·5438 6o 36 ·2652 ·4707 ·5403 
87 12 1861·026o 38·9 ·2836 ·578616o 16 . . . · I · . 
84 17 1835·00,61 23 . . . . . . . . . . . . 
81 27 1879·10161 53·60·2701,0-57331 61 2810·2673 0·49160·5597 

I 

GEORGL\. 

82 47l188o·o8,!62 or30·2693
1

0·576o1, 61 4310·2670
1
0·4963110·5635 

81 30.188]"16 62 31 ·9 ·25951 ·5626 62 15 ·25821
1 

·4907 ·5546 
82 3ol188r14i62 03·5 ·2649I ·5654

1

1 61 48 ·2636

1 

·4917 ·558o 
81 211872·2962 46·7 ·2657 ·5810 62 12 ·2628 ·4984 ·5635 
81 55 r88r16J62 45·4 ·2597 ·5674 62 28 ·2584 ·4961 ·5594 
So 51 1870·4063 2]"0 ·2613 ·5845 62 45 ·2582 ·5012 ·5639 
81 05 1895·41 63 16·71 ·2552 ·5676 62 59 ·2547 ·4995 ·56o7 

83 38 1855 ·03 63 50·9 ·2610 ·5922 
83 IO !88]"1964 34·4

1

! ·2495: ·5812 64 15 ·2482 ·5146 ·5715 
81 58 1833 · 1 • • ·261811 

• • 

84 22 1896·2864 35·01 ·2484 '5788 64 31 ·248o ·5204 ·5765 
84 17 1873·11 64 58·5 ·2525 ·5¢8 64 29 ·2498 ·52341 ·5799 
83 251833·4 65 40 ?·21o6 . . . . . . I 

Observ~r. 

J.B. Baylor. 
" 

R. L. Faris. 
G. W. Dean. 
J. N. Nicollet. 
S. M. Ackley. 

J. B.Baylo~. 
" 
" 

A. T. Mosman. I 
J.B. Baylor. 
C. 0. Boutelle. 
J.B. Baylor. 

G. \V. Dean. 
J. B. Baylor. 
J. N. Nicollet. 
G. R. Putnam. 
F. P. Webber. 
J. N. Nicollet. 
F. P. Webber. 

" 
H. W. Blair. 
C. 0. Boutelle. 
J.B. Baylor. 
F. P. Webber. 

84 35 1873·5866 00·2 ·2495 ·6134 65 27 ·2468 ·5403, ·5939 
85 OJ 1873·9765 og·6 ·2515 ·5986 64 36 ·2489 ·5243! ·5803 

·84 2718737765 29·2[ ·25og ·6o47 64 56 ·2483 ·5309
1 

·5861 
84 o8 1873 ·87 65 23·5 ·2512 ·6o32 64 47 ·2486 ·52811 ·5835 
84 101873·8765 26·0 ·2489 ·5987 64 50 ·2463 ·5241 ·5792 
85 o8 1896·27 65 w·7 ·2448: ·5831 65 051 ·2444 ·5261 ·58o1 
84 38 1874·61 65 33·0 ·2494! ·6o25 64 57i ·2469 ·5282 ·5830 
85 17 l!i74 ·95 65 30·7 ·2498[ ·6o25 64 56

1 

·2473 ·5286 ·5837 
84 20 1874 ·57 65 41 ·8i ·2394; ·5817 65 o6 ·2369 ·5w4 ·5627 C. 0. Boutelle. 
83 23 1874·85,65 45·1i ·24351 ·5929 65 07 ·2410 ·5195, ·5728 " 
85 o6 1875·47165 42·50·24840·6o391 65 o80·246oo·53o8'0·5849 F. P. Webber. 

I 1 I I I I 1 ------------~ 
IDAHO. 

I ! I I I 

117 05 1881·71,70 52·00·19710·6o14 70 41 10·196oo·5593'0·5926 
II6 301881·69·72 26·0 ·1847 "6II9 72 151 ·18361 ·5736' ·0023 

II6451881•68172 30·7 ·1830 •6o9Q 72 200·1819io·571110·5994 

J. S. J,awson. 
" 

" 
R. W. Haig-. 

" 
II6 281186,-461

1

72 45·5 ·1830 ·6174 72 221 I I 
n6 19 186q7 73 oS·o

1
o· 1804

1
0·6210 72 45 : : : : : : 

-'-------'-----'------'-·- __ ! __ ~.--------

ILLINOIS. 

T. C. Hilgard. 
J. B. Baylor. 
F. E. NiJ?her. 
E. Loomis. 
J. B. Baylor. 
E. Loomis. 
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Collection of the -most recent magnetic dips and intensities observed in the United States and referred 
to tlie epoch 1900·0-0ontinued. 

ILLINOIS-Continued. 

I - I I I I i I I ---1 
I 

j Hor. I Total I I ' ' 
~ame of station. ~ !.ong~- :.__~~-l Diptl. f~~e l fo{,~e II 8,= 1 _~1,~ _ v,= I F,-1 _ _:::vcr_. --·-

/
---·--··- --- 0 / 0 / I I 0 I I 0 Ii I 

Wenona. 41 05 89 26:1872·66 71 43 ·90·1955 0·6237 71 03,0·19281°'5615 0·5937; T. C. Hilgard. 
I Ottawa. . 41 20)1 88 5011891·72172 ll'O ·19121! ·6249 71 59i ·1909 ·5869 ·61721 J.B. Baylor. 

Peru, near landmg. 41 23 89 05.1841·7 71 51·1 . . . . . . I . . . . . . i E. Loomis. 
Joliet. 41 301 88 0911841 ·7 72 16'0 . . I . . . . I . . . . . . I J. N. Nicollet. 
Rock Island. 41 31)· 90 3411878·73 72 15'3 ·r940 ·6366 71 43 ·1923 ·5821 ·61311 C. F. Powell. 
Mount Forest. 41 45 87 52:1876·6771 52·8 ·1831 ·5888 71 151 · · I D.W.Lockwood. 
Chicago,siteofolduni-. 41 50

1 

87 37\1888·6372 28·5 ·1863 ·6187} ( /{J.B. Baylor. 
v~rsity. I / 72 20 ·1866 ·5859 ·6149\ 

Chicago, near water 41 541 · 87 37)1891 ·55 72 22·61 ·1874 ·6189 \ j G. R. Putnam. 
tower. 1 ) I 

Rockford. 42 171 89 o6J1891·7272 38·21 ·1859; ·6228) 72 25 ·1852 ·5845 ·6132I J.B. Baylor. 
Galen~. 42 25i 90 26:1876?4 73 09·010·1841 0·6351, 72 34 0·1823 0·58o5 0·6o85I C. I~. f'~well. 

, Dunleith. 42 28( 90 401856 8o73 ro I . . . . I . . \ . . . . . . 1 K. Friesach . 
.. ----·-- I - I -- ---~---- -· I I I I 

Mount Vcrnou. 
New Harmony. 
Near Albany. 
Princeton. 
Paoli. 
Vincennes. 
Terre Haute. 

I Indianapolis. 
Ric:hmond. 

I Reynolds. 

Port \Vayne. 
I llfidriga11 City. 
I 

137 59\ 
38 o8 
38 20 
38 23 

·38 35 
38 41 
39 28 
39 47 
39 5° 
40 45 

41 03/ 

INDIANA. 

87 47)1840·69~68 56·3'.0·2232'.0·62u: . .-\-.--~T~-~-T. . I J. Locke. l 
87 501188o·84'.69 02·61 ·21961 ·6139/1 68 34io·217510·5542:0·5953 J.B. Darlor.~ I 
85 47

1
1871 ·91170 21 ·91 ·20591 ·6128 69 40] ·2030 ·5478! ·5842i T. C. Htlgard. 

87 301840·71J69 22·81 ·2191[ ·6220. . . . . . . I • • 1 J. Locke 
86 25 1840·72169 33 ·81 ·21631 ·61971 . . . . . . / . . " 
87 32 18g6·33169 32·4; ·21241 ·6o771 69 27 ·2122 ·5659! ·6o45 R. L. Faris. 
87 201888·62'

1

70 23•61 ·2o6o ·61391 70 o6 ·2051 ·5666) '6o26 J.B. Baylor. 
86 08188o·87 70 51 '4/ ·2015 ·61441 70 21 ·20001 ·56o1 ·5947 " 
84 5ol188o·8871 13•4, ·2oo8 ·6237170 40 ·19971 ·56941 ·6o34 
86481874·65172 oo 1 ·19421

1 
·6284 71 17 ·1922

1 
·5671 ·5988 F. E. Hilgard & 

) W. Diehl. 
85 03 1891·53 72 00·21 ·1936 ·6266 71 45 ·1934/ ·58651 '6176 J. B. Baylor. 

L-.-·-----

86 54 1891 ·54;12 25·41~·1_s~~;o~~210/ _12 15
1
0·1s73lo·585T·614:i .. 

·~------------~--'~-~--~ 

41 431 

-··--·--

Atoka. 
Vinita. 

Keokuk. 
Ottumwa. 
Council Bluffs. 
Engineer Cantonment. 
Davenport. 
Des Moines. 
Lost Grove. 
Iowa City, University. 
Nipher's Farm, near 

Iowa City. 
Wapsipinicon. 
Iron Ore Bed. 
Browns Settlement. 
Small Mill. 
Farmers Creek. 
Maquoketa River. 
\Vh1te Water River. 
Maquoketa, N. Branch. 
Sioux City. 
\Vaterloo. 
Dubuque. 
Fort Dodge. 
Forks of Little Maquo-

keta. 
Turkey River. 

34 241 
36 381 

140 25 
41 02 
41 rs 
41 25 
41 301 
41 361 
41 391 
41 401 
41 401 

41 44 
41 55 
42 02 
42 04 
42 13 
42 14 
42 181 
42 23 
42 27 
42 28 
42 30 
42 301 
42 31 

I 

INDIAN TERRITORY. 

g6 05)1878·54163 44·~0·2614)\0·59II) 63 330·2558!0·514110·57421 J.B. Ba~~~Jl 
95 o811888·77 66 20·010·2390 0·59561 66 12 0·236310·5358,0·5856 --~---- --

IOWA. 

91 25,1888·70
1
70 31·)0·2039110·6~12170 16lo·2027fo·5652 0·6003/ ~-;,~~~~~1 

92 25 1888·70'71 14·71 ·1988 '6182 71 00 ·19791 ·5748 ·6o8o' " 
95 s2/1878·66l71 05·71 ·20131 ·6214 70 401 ·198811 ·5667 '6oo611'. E. Thorpe. 
95 441820·5 l71 07 . . . . I . . . . . . . . S. H. Long. 
90 38/1888'6817r 50·8 ·r947I '6249 71 34 ·1938; ·5816 ·6130 J. B. Baylor. 
93 361888·72 71 25'9 '1966

1

• ·6176/ 71 l I '19571 ·57441 ·6067 " 
90 09 1839·73 72 02·4 ·1g64 ·6368. . . . . . . . . J. Locke. 
91 32 1878·51 72 19·7 ·1899 ·62561 71 50 ·188o

1 
·5729 ·6o30 F. E. Nipher. 

91 :,6 1879·52 72 02·7 ·1903j ·61731· 71 34 · 1884) ·5653 ·5958 " 

90 23 1839·73 72 15 ·o ·19521 ·6404' j . J. Locke. 
90 40 1839·74 72 50·5 . 1907/ ·6464 . " 
91 o61839·75 72 21 ·1927 ·6354 1 · 
91 02 1839·8 72 24·4 I I . 
90 23 1839•75 72 36 :19.191 :64~8 I : i 
90 55 1839·15 72 43 ·6 ·18g6 ·6386 I .. i 
90 38 183977 72 55 ·1873 ·6377 I . . I " 
90 52 1839·77 72 51 ·1867 ·6335 . . . . 

1

• . . .. 
96 271891·6771 41·4! ·19431·6185!71 31 ·1936 ·5792 ·61061 ]. B. Baylor. 
92 26/1891·70172 44·41 ·18451 '6219 72 33 ·1840 ·5853 ·61371 " 
90 44 1891·71 72 57'5 ·18221 ·6218 72 45 ·1819 ·5857 ·61341 " 
94 14/1891 ·69172 20·11 ·18771· ·6185 72 09 ·1872 ·5813 ·61061 " 
90 31 1839·8ol73 o8 ! ·1849 ·6372 , . . J . . . . \ J. Locke. 

90 4811839·81 7'!, 11 ·18321 ·6335 . . I . . ! . • I • • : " 42 421 

l 
Sibley. 43 241 

I 
---~----9_s_5_0~)1_8_9_1_·68L~o·1~3-4\0·6223I 72 4oio·1829t°'5S6o(°'6139! J.B. Baylo~·--
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Collecti:1n of the 1nost recent magnetic dips and intensities observed in the United States and referred 
to the epoch 1900·0-0outinued. 

Name of station. 

Parsons. 
Wichita, University. 
Dodge City. 
Sargent. 
Great Bend. 
Emfioria. 
Wa lace. 
Ellis. 
Lawrence, Old Univ. 
Junction City. 
Manhattan Colle~e. 
Fort Leavenwort . 
Little Muddy Creek. 
Vermilion Creek. 
Big Blue River. 

Hickman. 
Mafifield. 
Wi liamsburg. 
Oakland. 

Smithland. 
Mammoth Cave, mouth. 
Madisonville. 
Livingston. 
Leitchfield. 
Stanford. 
Lebanon. 
Clays Ferry. 
Lexington. 
Shelbyville. 

Frankfort. 
Shippin'fr.°rt. 
Louisvil e. 
Grayson. 
Cynthiana. 
Flemingsburg. 
Williamstown. 
Falmouth. 

South West Pass, Mis­
sissippi River. 

South East Pass, Mis-
sissippi River. 

Cubitt. 
Pass :\ Loutre. 
Osgood Island. 
Magnolia Base, lower 

station. 
Marsh Island. 
Morgan City. 
Cote Blanche. 
Barrel Key. 
Avery's Island. 
New Orleans, City Park. 
New Orleans, Fair 

Grounds. 
Donaldson ville. 

KANSAS. 

Lat. I 
--

Long. Date. 
I 

-----------·-~·-----~-----------

Hor. Total · 

H. F. 
Observer. 

__ I ____ ---

Dip 8. force force 8,9<>0 H,-1 V,900 Fi?"° 

-- --· -----------------

0 I I 
37 20 
37 40 
37 44 
38 05 
38 24 
38 26 
38 55 
38 56 
38 58 
39 02 
39 12 
39 21 
39 35 
39 57 
40 00 

36 34 
36 45 
36 45 
37 02 

37 o8 
37 IO 

37 19 
37 23 
37 30 
37 31 
37 36 
37 54 
38 04 
38 13 

38 14 
38 15 
38 rs 
38 18 
38 26 
38 26 
38 36 
38 41 

I 

28 59. 
I 
; 

29 05, 
I 

29 IOI 
29 II 
29 II 
29 32 

29 35 
29 40 
29 44 
29 54 
29 55 
29 56 
29 59 

30 07 

0 I 

95 17 
97 20 
99 59 

IOI 58 

0 

1879·65,6 
1888·79'6 
r888'8I 
1878·61 

0 I I 
F. E. Nipher. 
J. B. Baylor. 

" 

g8 43 1878·586 

7. 12·40·2342 . . 66 560·22¢0·53920·5800 
7 10·6 ·2283 0·5885 67 02 ·225711 ·5327 ·5785 

66 20·4 ·2365 •58<)4 66 13 ·2339 ·5309· ·58o1 
66 50·5 ·2365 ·0012 66 38 ·23151 ·5358 ·5835 

7 38· ·2300 ·0045 67 23 ·2250 ·5388 ·5838 I 
1 34·s ·2214 ·5¢1 61 24 ·22s4' ·5416 ·5865 I 1888·77 6 ¢ 12 

IOI 35 
99 40 
95 15 
¢ 53 

1872·7816 
1872·77 6 
1877·87 
1888·76J6 

7 31 ·6 ·2285 ·5978 67 12 ·2223! ·528<) ·5737 T. C. Hilgard. I 
7 51 ·7 ·2275 ·0037 67 30 ·22131 ·5343 ·5784 " 

68 43·4 ·22441 ·6183 68 21 ·2204· ·5552 ·5973 Andrew Braid. 
8 34·7 ·2216 ·0069 68 25 ·21g61 ·5551 ·5969 J. B. BaY.lor. 

96 35 1872·n.6 
94 54 1858·516 

1858·5 6 

8 4r20·2201lo·6o83 68 200·21530·54190·5830 T. C. H1lgard. 1· 

9 29 . ·I i J. H. ,?impson. 
95 34 
¢ 16 1858·5 i7 
¢ 35 1858·s I J ~ . - L_:~·----~--~----__J 

KENTUCKY. 

.. .,,,ss .. ,,l•1 ,,.,~.,;,,'o·6o6s 66 57 0·2317 0·544510. 5917 J. B. Bayl=--1 
88 41 1881 '74:67 35·0'. ·2309' ·6055 67 13 ·2288 ·54461 . 5go7 " 
84 IO 18g6·30·67 58·71 ·22241 ·5932 67 53 ·5466; . 5899 R. L. Faris. ·2221 I 

86 15 1871 ·85i68 48·8. ·22441 ·6209 
68 ooj "" ·5505' 5933' A. T. Mosman & 

E. Smith. 
88 301833·9168 II . · I · . J. N. Nicollet. 
86 I I 1849·45 6g 18•5 ·2185, •6185 J. H. Lefroy. 
87 33 188 [ ·75168 24 ·2 ·22661 ·6157 67 59i ·2245 ·55511 5g88 J. B. ~aylor. 
84 20 1881 ·So,68 50·3 '2221 ·6153 68 20, ·2205 ·5550, 5971 
86 22 1881·77168 38·2! ·2256 ·6192 68 II ·2236 ·5586: 00171 
84 44 1881 '79.69 43 •8' ·2132 ·6155 69 14 '2II5 ·5577: 5g65 
85 l9188q86g o6·8 ·21go ·6143 68 38 ·2172 ·5552: 5962 
84 18 l840·6716g 49·0 ·2139 ·6202 . I J. Locke. 
84 30 1896·31 6g 32·6 ·2079 . ·5950 69 26 ·2077 '55371 5913 R. L. Faris. 
85 131871·goi69 46·6 ·2144 ·6203, 6g 021 '2II4 ·55171 5go7 A. T. Mosman & 

' E. Smith. 
84 401840·67j69 54·9! ·2128 ·6202! .. I .. I J. Locke. 
85 481819·3810 1s I 

:oo;61 6g ~41 S. H. Long. 
85 461896·3116g 19'9 ·2130 ·2127 :s&isi 5998 R. L. Faris. 
82 59 1881 ·84 70 o<nl ·2141 ·6306 6g 36 ·2129 ·57241 6106 J. B. Baylor. 
84 25 1881·81'69 44·01 ·2133 ·6158 69 13 ·2121 1 ·55891 5977 " 
83 461881·83169 45·21 ·2133 1 · I ·6165 6g 13 ·2121 ·5589: 5977 " u:J 84 22 1840·66:70 04·1, '2122 ·6225 .• I .• I. J. Locke. 
84 17 1872·00,70 I6'Ii0'2II2 0·6255 69 28

1
0·2o88r5576iO' 5954 E. Goodfellow. 

LOUISIANA. 

I -- -· I I I I 1 -

89 2311872·1758 46·50·28630·5522! 58 410·27830·4574:0·5355 

89 04.1859·97 58 45·3 ·2940! ·56681 . . I 

89 15/1859·¢58 54·0 ·29241 ·5662! . . 

T. C. Hilgard.l 

J. G. Oltmanns. 

89 01 1859·99 58 47'0 ·2930 ·s6s4' . . I 
89 05 1872·17 59 01·2 ·27g8

1 
·5437158 56, ·2720 ·4515: ·5271 T. C. Hilgard. 

89 47 1872·04 59 23 ·5 ·27561 ·54131 59 18 ·2689 ·4529' ·5267 " 

92 02 1886·0458 51·7 ·2800 ·5530. 58 51 ·28221 ·466g: ·54551 J.B. Baylor. 
91 15 1886·3859 13'3 .28401 ·5549' 59 121 ·28o2 ·4701! ·5473: " 
91 43 r800·17 59 o8·8 ·29271 ·57091 

• • • • • • I J. G. Oltmanns. 
89 o8 185r28 59 48·2 ·2897J' ·5759! . . I . . . . 1 S. Harris. 
91 45 1872·20 59 26·4 ·2772 ·5452; 59 24 ·26g5 ·4557

1 
·5294 T. C. Hilgard. 

go o81872·1259 43·5 ·2748 '54591 59 38 l ' " 
go 05 1895·5659 43·2 ·2794! ·5541' 59 42!J ·2776

1
' ·4744! ·5497

1

. G. R. Putnam. 
·I I i I 

go 571896·07 59 53·20·2797;0·5575, 59 s2.0·2787,0·48ooo·5551 J.B. Baylor. 
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Collection of the most recent rnagnetic dips and intensities observed in tlie United States and ref erred 
to the epoch 1900•0-0ontinued. 

LOUISIANA-Continued. 
; ------------------------- ---.--...,...---.,...--,..--~--------. 

l ___ N_'R_ll_le_o_r_st-at-io_n_. __ ,_r.a_• [_"'"·~ :·~ I '"'. i ·~.F ii r~::.: ··-_ "·-! ··- I F·- o-_e_r·--: 

I
! 0 I 0 I 0 I I ' 0 I I 

Lake Charles. 30 12 93 091890·3c 59 31·3j ·2So7I ·5538 59 311 ·278o ·4722i ·548o " 
Mermenteau. 30 12 92 2711890·31 59 34·50·2So1!0·5531 59 34:0·27740·4722;0·5476 J.B. Baylor. 

~:i~~ei~~ge. ~~ ~jl ~: ~ ;~~n~ ~ ~~:~; :~~;gl :gg~~I ~ ~~I ·~~!~1 :1~~g1 :g~~~ :: 
Amite. 30 43 90 27 18g6'II 6o 3T6i ·27541 ·5614. 6o 361 ·2744 ·4870' ·5590 " 
Cheneyville. 31 01 92 15 18g6·o8 6o 40·0 ·27461 ·56o5 6o 391 ·2736 ·48651 ·5582 " 
Alexandria. 31 17 92 271872·296o 53·0/ ·2750 ·5652 6o 451 ·2673 ·4773; ·5470 T. C. Hilgard. 
Gaines Ferry. 31 28 93 45 1840·4 6o 57'01 . . , . I • • I . . I J. D. Graham. 
Natchitoches. 31 44 93 07,1840·5 61 15'9 . . . . 'I . • • • " 

Grand Ecore. 31 48 93 07 1872·27 61 2r21 ·2721 ·5694 61 19: ·2645 ·4834
1 

·55nl T. C. Hilgard. 

Monroe. 32 29 92 oS/1872·32 · · ·2664 . . . . ·2590 . . 1 . . I 'f. C. Hilg 
Sabine River. 32 01 94 0011840 61 36·8/ . . . . . . I . . . . I . . J. D. Gr.ah

0
~m· 

: _s_11r_e_v_ep_o_rt_._____ _ 32 30! 93 45
1
1888·9861 49·1

1
0·266810·5650

1 
61 45

1
0·2639

1
0·49ui°'5575! J.B. Bayl 

Appledore Island, Isles 
of Shoals. 

Kittery Point. 
Cape Neddick. 
Agamenticus. 

I 

42 591 

43 05 
43 12 
43 13 

I 

Kennebunkport. 43 21 
Fletcher's Neck. 43 27 
Richmo11d Island. 43 33 
Portland,BramhallHill. 43 39 
Portland, Munjoy'sHill 43 40 
Harpswell. I 43 44 
Mount Independence. 43 46 
Cape Small. 43 47 
Freeport. 43 51 
Brunswick. 43 54 
Bath. 43 55 
Mount Pleasant. 44 02 
Damariscotta. 44 02 
Rockland. 44 o6 
Mt.Sebattis(Sebattus). 44 09 
Camden village. 44 12 

Mount Raggecl. 

Southwest Harbor, Mt. 
Desert Island. 

Mount Desert. 
I,,ocke's Mill. 
Belfast. 
Bethel. 
Mill Bridge. 
Waterville. 
Howard. 
Mount Saunders. 

Mount Harris. 

Farmington. 
Machiasport. 
Pittsfield. 
Bangor, Thomas Hill. 
Humpback. 

Eastport, :Fort Sullivan. 
Coop~r. 
Calais. 
Forks of Kennebec. 
Greenville. 
Mattawamkeag. 

·144 13 

44 15 

44 21 
44 24 
44 26 
44 28 
44 32 
44 33 
44 38 
44 39 

44 40 

44 4c 
44 41 
44 4€ 
44 48 
44 52 

44 54 
44 59 
45 II 
45 20 
45 28 
45 31 

MAINE. 

70 371184r6+4 44·+·r6o5k>"6097 . . 1 · . . . . . I T. J. Lee. 

70 43 1890·66174 04·51 ·1657 ·6o40 73 55 10·16880·58550·60941 J. B. Bavlor. 
70 3611851·6674 57'9 ·1621 ·6249 I I J. E.}liigard. 
70 42l184r83 74 54·71 ·1593 ·6122 11'. J. Lee & R. I / I I H.Fauntleroy. 
70 281851·6475 14·1 ·1590 ·6238 j J. E.Hilgard. 
70 20j1850·69175 18·3 ·1586 ·6253 I I " 
70 14,1850·71/75 oS·o, ·1597 ·62241 . . 1 . . I . . j • • 1 " 
70 17111895·57174 04·6'1 ·1664 ·6o65i}73 I . 67 I .58o31 ·6o4o'{l- B. Bar.lor. 
70 151873·6974 57'9 ·16o1 •61711 541 I 5. · f. C. Hllgard. 
70 01!x863·55175 52·41 ·1466 ·6oo6

1 

• • , •• I . . . . IC. A. Schott. 
70 1911849·7875 23·8i ·1578 ·6259 . · 1 · . I .. I · . /·G. Davidson. 
69 51/1851·7975 01·8/ ·1563 ·6o49! . . . . . . . . j G. W. Dean. 
70 o611863 ·53175 20·3 · 1563 ·6175\ . . . . . . I . . I c. A. Schott. 
69 5811873 71175 o8·3j ·1585 ·6178 74 031 ·1666 ·5829 ·6o63 T. C. Hilgard. 
69 491863·5375 25·5I ·1545 ·6138 . . . . . . JC. A. Schott. 
70 4911851·59.76 ors ·1481 ·6133 . . · G. W. Dean. 
69 32l188r6o174 34·5 ·16oo ·6o15 73 57 .·.164:0

1

. ·5701 ·59301 J. B. Baylor. 
69 o6l1863·51 75 30·9 ·1528 ·6107 . · 1 C. A. Schott. 
70 05;1853 ·57 75 40·6 ·1573 ·6357 . . J. E. Hilgard. 
69 05,1854·8275 41·5 ·1542 ·6241 . . G.W. Dean&R. 

J. Breckinridge. 
69 09'1854·7375 41·2 ·1542 ·6238 G.W. Dean&S. 

I Harris. 
68 181'1856·73 76 15'5 ·1512 ·6367 S. Harris. 

68 14 1856·77 76 09·2 ·1501 ·6271 G. W. Dean. 
70 44j1845·45 75 50·7 ·1523 ·6234 J. Locke. 
69 0111863·5275 38·1 ·1533 ·618o C. A. Schott. 
70 51 1845 ·44 75 51 ·ol · 1525 ·6243 . . . . I . . . . J. Locke. 
67 54ll188r62 74 30·61 ·1627 ·6095 73 54/ ·1667 ·5776 ·6o10 J. B. Baylor. 
69 45 1849·5 75 59·4 ·1495 ·6177 . . . . . . G. W. Keely. 
67 2411859·59 75 21 ·6 ·1594 ·63o8 I G. W. Dean. 
68 361'1856·521'75 58·6 ·1512 ·6239 G.W. Dean &J. 

H. Toomer. 
69 091855·6876 14·1 ·1494 ·6279 . . G.W. Dean& T. 

I I M. Mclver. 
70 09;1887'77 75 11 ·11 ·1549 ·6o57 74 34 ·1587 •5750 ·5g65 J. B. Baylor. 
67 2411887'64 74 27'2 ·1616 •6o30 73 501 ·1656 '5714 ·5948 " 
69 2911887'75 75 15'3 ·1541/ ·6o52, 74 391 ·1579 ·5751 ·5g65 
68 4711895·5974 59·41 ·1558i ·6o16 74 441 ·1569 ·5748 ·5957 
68 07[1858·67 76 12'o[ ·14851 ·6225 . . I . . G. W. Dean and 

I 
A. T. Mosman. 

66 591895·61 74 37'61 ·1598 ·6o28 74 29 ·16o8 ·5792 ·6o10 J.B. Baylor. 
67 28 1859·70 76 20·31 · 1466 ·6207 . . . . G. W. Deat~. 
67 17/1895·64 75 II ·3 ·1547 ·6o51 74 58 ·1561 ·5812 ·6o19 G. R. Putnam. 
69 5811844·6 76 23 ·71 . . . . i . . . · 1 · . . . J J. D. Graham. 
69 43 188r73 75 36·3 ·1506: ·6o56'. 75 oo ·1543 ·5757 ·5961\ J.B. Baylor. 
68 24 1887·72 75 34·40·1498;0·6o13I 74 589·1535 0·571510·5919, " 



174 UNITED STATES COAST AND GEODETIC SURVEY. 

Collection of the most recent magnetic dips and intensities observed in the United States and rejer1·ed 
to the epoch 1900·0-Uontiuued. 

MAINE-Continued. 

I I Hor. Totall : ! 1' ~ 
Name of station. Lat. Long. I Date. Dip 8. force force 1 81000 ! Hxgoo Vr9<>0 •

1 

F19<>0 .

1 

Observer. 
H. F. : ; 

'----------- --- ----,---'--- --- ----1------i ----: ____ i ___ _ 

Vanceboro. 
Moose River. 
Danforth. 
Tachereau's. 
Source of St. Croix, 

o I 

45 34 
45 39 
45 40 
45 49 

northeast boundary. 45 57 
Park's Hill. 46 07 
Houlton. 46 07 
Branch of the St. John. 46 25 
River St. John, near the 46 351 

Grand Forks. I 
Blue Hill. 46 38

1 Presque Isle. 46 39I 
Aroostook. 46 47 
Big Black River. 46 57i 
Peconk Hill. 46 59I 
Falls of the St. John. 47 03 
River St. John, N. bank. 47 041 
Little Black River. 47 07 
St. Francis River. 47 II 
Grand River, mouth. 47 11 
Fort Kent. Fish River. 47 15 
Albert's Inn, River St. 47 17: 

John. 
1

. 

Beau Lac, head. 47 22 
Madawaska River, 47 22J 

mouth. 1 

Lake Pohenagamook. : 47 281 

o I I lo I o 1: I ! 
67 27,188r7075 36·40·14850·5974 75 0010·1521

1
10·56750·58761 J. B.J3aylor. 

70 1611844·6 176 48·5 .. I • • •• i .. , J. D. Graham. 
67 58

1
188r71 75 41 ·2 ·1486 ·6oo8

1

75 041 ·15221 ·57071 ·59061 J.B. Baylor. 
70 24 1844·5 76 50·4 . . . . I . . . . ; . . 

1 

J. D. Graham. 

61 4711s40·8 16 57'4 I . . ·• 
67 47 1841 ·6 77 00·7 . · 1 " 
67 53

1

188r68'l76 01·8 ·1456 ·6o31 75 25 ·1492, ·5735 ·5927 J.B. Baylor. 
70 04 1844·5 77 24·8 

1 
• • , • • J. D. Graham. 

69531843·57725·9 ·1 1 .. 1 •• 1 " 

67 471841·5 77 18·1 ! • • • • I .. I " 
68 00188r6676 30·90·142610·6u6 75 550·1461:0·58240·6oo5 J.B. Baylor. 
67 47 1841·5 77 24·1 . · 1 · . . . . . I . . . . J. D. Graham. 
69 27j1843 ·5 77 37'51 , : " 
67 47,1841 ·5 77 32·2 ! .. 

67 45;1843·5 77 29·5 I 1· " 

67 4711843'5 77 31 ·o ' " 
69 05'1844 ·5 77 40·5 " 
68 54:1843·5 77 43·5 " 
67 57il847'5 77 36 G. W. Keely. 
68 35:1843·5 77 43·1 J. D. Graham. 
68 2711843·5 77 44'5i " 

69031843·5 n 47 I .. 
68 19 1847'5 77 45 . G. W. Keely. 

69 13!1843'5 i77 49·2[ ! I J. D.Graham. 
--~ 

MAHYLAND. 
----------- -·------------------------------------

75 15il1856·66!

1

70 44·8:0·2032·0·616o . . . · I · · I · · I C. A. S~hott. 1 Mason's Landing. 
Davis. 
Calvert. 
Oxford. 
Marriott. 

Hill. 
Kent Isd., South Base. 
Taylor. 
Kent Isd., Station 1. 

Soper. 
Webb. 
Stabler. 
Bodkin Light-house. 
North Point. 
Baltimore, Fort Mc-

Henrv Station. 
Baltimore, St. Mary's 

College and near 
Washington Mon't. 

Pool's Island. 
Rosanne. 
Maryland Heights. 
Finlay. 

: 38 141· 
38 ,20 
38 22! 

38 411 38 52 

38 54, 
38 54 
39 00 
39 02 
39 05 
39 05 
39 07 
39 o8 
39 12! 
39 16' 

39 18 

75 o6 1853 ·72 70 57'7 ·19971 ·6123 . . . . . . J. E. Hllgard. 
76 241871·5870 33·9 ·2o64; ·6202 69 370·20740·5582

1
0·5954· A. T. Mosman. 

76 1o' 1856·64,70 58·0 ·2021 ·6197 1 • • C. A. Schott. 
76 37 1849·44•71 12·9 ·1997 ·6203 A. D. Bache and I J. Hewston. 
76 53 1868·82•71 17'1 ·2015 ·6278 7.0 .15.'! ·2025 ·5641 ·5994 C. 0. Boutelle. 
76 22 1845·42171 37'0 ·1939' ·6149 1'. J. I,ee. 
76 28 1847'42 71 19·3 . 1946j ·6o77 " 
76 19,1849·5071 16·6 ·19861' ·6187 , J. Hewston. 
76 57 1850·56,71 56·5 ·19u ·6164 . . I G. W. Dean. 
76 40 1868·73 71 18·5 ·1996· ·6228 70 161 ·2oo61 ·5593 ·59401 C. 0. Boutelle. 
76591869·65!71 28·1: ·1973! "6207 70 271 ·1983! ·5585 ·5927 " 
76 25 184r31171 43(?1 ·1932i ·6157 . . i .· 1 T. J. Lee. 
76 27 1846·52 71 29·5 ·19291 ·6o751 . . II " 

76 35 1Sg5·74171 00·3: ·1956
1 

'6oIO} 1 {J.B. Baylor. 

76 'T"''.777' 4n .,.,,, .,,,4 70 ", ·•9571 ·5553 ·5889 J. H. Lefroy. 

j~ !~! ~~ ~~ ~~!r~I~~ ~:~I :~~~~ :~I : : . . ! T. J. ~ee. 
39 201 77 43 1870·82:71 28·01 ·1990 ·6261i 70 30 ."20c~I ·5648 ·5991 C. 0. Boutelle. I 
39 24 76 32 1846·27

1
71 47'9 ·1896 ·6o72 . . I T. J. Lee and 

1
• I J. Locke. 1 

Osborne's Ruin. 39 28 76 17 1845'50

1

71 47'6 ·1910 ·6113, T. J. Lee. I 
Susquehanna Light. 39 32

1 
76 05 184r51 71 52·1 ·1884 ·00541 " 

Frenchtown. 39 35
1
. 75 51 1840·6 71 40·2 ·1988 ·63211 A. D. Bache. 

' Cumberland. 39 39

1 

78 44 1844·23171 36·0 ·1g67 ·62291 J. Locke. 
burg. 39 41 78 56 1840·6 j11 31 ·3 · lg82 ·62531 A. D. Bache. 
itsburg. 39 41 77 18 1842·28

1
71 46·3 · 1957: ·6257i ! J. Locke .. 

--~-'--------------'-~------~-~--'-------~~---' 
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Oollection of the most recent magnetic dips and intensities observed in the United States and 1·eferred 
to the epoch 1900·0-0ontinued. 

Name of sl.atiou. 

-·----·--------

Nantucket Cliff, near 
town. 

Sampson Hill. 
Indian. 
Vineyard Haven. 
Tarpaulin Cove. 
Fairhaven. 
Hyannis. 

Chatham: 
Shootfiying. 

Copecut. 
Manomet. 
Wellfleet. 
Plymouth. 
Longmeadow. 
Provi11cefown. 
Springfield. 
Blue Hill. 
Easthampton. 

i Worcester. 
[ Nantasket. 
· Castle Island, Boston 

I
. Harbor. 

Boston Common. 
Cambridge, Harvard 

Observatory. 
Chesterfield. 
Little Nahant. 
'Vachusett. 

Lat. 

O I 

41 17 

41 23 
41 26 
41 28 
41 28 

41 371 41 38 

41 401 
41 41 

41 43 
41 56. 
41 56J 
41 581. 
42 02 
42 031 
42 o6 
42 131 
42 15 
42 161 
42 18. 
42 20' 

42 21 
42 23 

MASSACHUSETTS. 

Hor. Total I 
Long. Date. Dip 9. force force 91900 H1900 \'1900 1'1900 

H. F. 
Observer. 

o I --- -0--/- --- --- ·--0-/ --,--

70 o611895·52172 40·3.o· l78o·o·5976 7.2 2. 2·io·.179. 2
1
0·.563. 7 o·.591. 41 JT •. BJ •• BLaeye.lor. 

70 2911846·5673 24·5 ·1730 •6o6o 
70 4111846·62l73 29·1 ·1719 '6o47 " 
70 36 1875·73173 09·9 ·1795 ·6198 7.2 09. I ·1865 ·5792 ·6o84 J. M. Poole. 
70 45\1846·6o

1
73 49·8 ·1704 ·6119 T. ]. Lee. 

70 54 1845·79174 40·0 ·1656 ·6264 " 
70 1811846'64173 49·2 ·16981 ·6091 T. J. Lee and 

R.H. Fauntle-
roy. 

69 57186o·69l73 46·2 ·1726 ·6175 72 07 C. A. Schott. 
70 211846·66

1

73 56·5 ·1689 ·61o6 T.R!H.r::
11
:;;:-

roy. 
71 04 1844·76174 09·5 T. ]. Lee. 
70 36 1867'6o/73 58·5 ·1731 ·6269 72 38! C. 0. Boutelle. 
70 021186o·70.74 20·2 ·16771 ·6213 72 42 C. A. Schott. 
70 3~1876·531?3 48·3 ·1727 ·6192 72 38 ·.178. 81 ·5718 ·5991 F. E. Hilgard. 
72 36

1
1839·7 j74 05·3 E. Loomis. 

70 II 1895·53 73 03·4 ·1747 ·5995 72 50 ·1763 ·5707 ·5973 J. B. Baylor. 
72 3511859·57,74 14·9 ·1702 ·6271 72 34 1· C. A. Schott. 
71 07 1845·77 75 05·61 ·1622, 0 6308 T. }. Lee. 
72 40:1862·5274 o6·1 .·170. 21 ·6212 72 30 I E. Goodfellow. 
71 48 1839·7 174 20·61 . E. Loomis. 
70 54 1847'67!74 15·9 ·1644 ·6o63 . . . . I T. J. Lee. 
71 Ol 1896·45/73 05·8

1 
·1744 ·5998 72 52} {G. R. Putnam, 

·1786 ·5692 ·59661 
71 04 1890·6973 21·3 ·1726 ·6o26 72 351 · ! J.B. Baylor. 
71 08,1895·54173 15·6 ·1731 ·6oro 72 48

1 

·1761 ·5686 ·5952' " 

42 26 70 561'1849·6274 29·5 ·1640 ·6132 . . I . . / G. W. Keely. 
42 24 72 511859·56

1

74 21·2 ·1691 ·6271 72 401 •• ! C. A. Schott. 

42 29 71 53 186o·7 74 28·8 ·1675 ·6261 72 51 . . 
1
. G. ,V, Dean and 

/ j R. E. Halter . 
. Fort Lee, Salem. 42 32 70 52 l88r8o

1

74 24·8 ·1631 ·6o70 7
0

3 ~4· 8 ·.166. rl ·.571.8 ·5954 J. Il. Baylor. 
Baker Island Light. 42 32 70 47 1849·66 74 18'6 ·1698 ·6278 . . I G. W. Keely. 
Deerfield. 42 33 72 361859•56 74 35·3 ·16681 ·6275 72 54 . . I . . . . C. A. Schott. 
Fitchburg. 42 35 71 48,1876·55 74 09·81 ·1703 ·6240 73 ·176o ·5757 ·6o201 F. E. Hilgard. 
Greenfield. 42 · 35 72 35 1876·56 74 06· I · 1707, ·6231 72 561 ·.176. 41 ·5746 ·6oro " 
Gloucester, Beaconhill. 42 36 70 39 1859·52 74 45 ·61 · 1681 ·6391 73 05 . I C. A. Schott. 
Thompson. 42 37 70 4~11859·52 74 30·4 ·1694 ·6340 72 49 . . I " 
Lowell. 42 39 71 2d1876·55 74 19·31 ·1676

1 

·6202 73 091 ·1736; ·5731 ·59841 F. E. Hilgard. 
Annisquam. 42 391 70 4111859',:;3 74 56·1 ·1655 ·6368 73 151 . 'J . · 1 · . I C. A. Schott. 
Rockport. 42 40 70 37l·1859·53l75 05·9 ·1627 ·6326 73 25· . . . . . . " 

i Ipswich. 42 41 70 50 1859·53 74 37'3 ·1659 ·6257 72 56J . . . . . . I " 
j North Adams. 42 42 73 o8 l876·57l74 15·3 ·17101 ·6302 73 051 ·177 ·5820 ·6o82, F. E. Hilgard. 

"i Plum Island. 42 48 70 49,1887'8ol74 on 0·1662p·6o38I 73 25
1
0·1692

1
0·5682/0·5928! J.B. Baylor. 

'------------"---~---__:_ __ _:_ __ _:__ __ ~1 __ __:_ _ __:_ __ ..:_ _ __:_ __ .;,_ ______ __J 

MICHIGAN . 
.. - .. --·-·--------------------------------~-------~ 

Monroe. 41 551 83 27
1
1841 ·6173 19·01. . I . '· I . . I . . . . . . i E. Loomis: • I 

Ypsilanti. 42 14

1 

83 37 1893·9 71 30 . . . . 71 18' . . . . . . i C. S. Woodard. J 

Marshall. 42 16 84 58 1876·79173 30·90·180910·63751 72 47/0·18o5 0·5825 o·6o9SI C. F. Powell. , 
Ann Arbor, observatory. 42 17.I 83 44 1870·66.72 56·6 ·1820 ·6200

1 

71 58'1 ·1809 ·5556 ·5842 J.E. Hilgard. I 
Detroit, Olympic Park. 42 21 83 03 1891 ·47173 05·9 ·1So3I ·6201 72 44 ·1816 ·5842 ·6u7 G. R .. Putnam. I 
Eaton Rapids. 42 32i 84 38

1
1870·66j73 40·0 ·17751 ·6312

1 

72 41 ·17751 ·5693 ·59641 J.E. Hilgard. 
Fort Gratiot. 43 oo, 82 25.1873 ·54 74 22 · 17131 ·63581 73 26

1 

·1713

1 

·5757 ·6oo8I A. N. Lee. 
Grand Haven. 43 051 86 13~1891:55[73 34·7 :17731 :62711 73 29 ·1773 ·5978 ·6236

1 

J.B. Bayl?r. 
Wahley. 43 22 82 32i186o 36174 41 1692 64o6. . . . . . . . . W. P. Snnth. 
St. Louis. 43 25 84 36

1
1876·7873 48·9 ·r68oi ·6o26, 73 02, ·168o ·5507 ·5757 D.W. Lockwood. 

Saginaw. 43 25 83 58 1876·71J73 36·2 ·1693, ·5997 72 501 ·16931 ·5481 ·5737 
Forestville. 43 40 82 34,1873 :s3

1

74 54 :1676! :6435) 74 0110·167610·5852 0·6o87 A. N. Lee . 

• SSatunr~ePooninPto. 1'11t. 4443 5453 8833 2134·II1885588.773I7755 0592 . 11654971 ·663375961 . . . . . . . . \V. P. ,?mith. ,., . I 3 I . . . . . . . . 
South Manitou. 45 oo, 86 06l186o•70 76 01 0•1549.0·6426; . . I • • I • . • • " 
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Collection of the most recent magnetic dips and intensities observed in the United States and 1·eferred 
to the epoch 1900·0-0ontinued. 

MICHIGAN-Continued. 

I Hor. ' Total I , i 
Name of station. Lat. Long. Date. Dip 6. force force 619<>0 I II,- ,! v,_ Fr9<>0 

H. F. 

-·-----l-0-; --0-,-i--- -0--,- ----- -0---i----
- Observer. 

Thunder Bay. 45 02 83 OC) 1858·64 76 24 0·1494io·6359 I · · 1 · · 
Northport. 45 o8 85 36l186o·6776 o6 ·1540 ·64II 
Reaver Isd., near light. 45 45 85 30

1

186o·75 76 43 ·x492 ·6494 
Mackinac. 45 51 84 38 l88o·5776 2r6 ·1505 ·6428 75 490·1514j<>"

0

5gS90:6179 
Sault de St. Marie and 46 30 84 20,1891•58 77 00·2 ·1416 ·6297 76 35 ·1422 ·5961 ·6130 

Fort Brady. 
Marquette. 46 33 87 2211Sg1·5975 31·2 ·1581 ·6323 75 13 ·1585 ·6oo8 ·6213 
Encampment, shore of 46 44 87 4311843 ·50 76 58·3 ·146o ·6478 J. Locke. 

Lake Superior. 

W. P.Smith. 
" 

J.B. Baylor. 

Ontonagon. 46 52 89 20188o·62 77 16"6 ·1427 ·6477 76 43 ·1430

1 

·6o56

1 

·6223 J.B. Baylor. 
Eagle River. 47 27 88 231843·53 77 54·5 ·136o ·6492 J Locke 

Copper Harbor. 47 28 87 511873·5878 02 ·1350 ·6509177 l40.-:1-3s:ollo::5._9S:7[
0

::6io8_·: i 1A._.LN-·~·~Le~ee.· · ___ .I Houghton River, Isth. 47 28 88 01 1843 ·53 78 28 · 1321 ·66o7 
Isle Royal. 48 o6 88 47 1843 ·57 78 or60·1356

1

0·6589J 

MINNESOTA. 

Lake. 
ha. 

Heron 
Wabas 
RedW 
Ft.Sn 

ing. 

43 481 
44 r8 
44 34 

95 24l188o·75 73 31·2lo·180C)lo·6378 73 02 
92 07 1876·61 74 21·61 ·17171 ·6369 73 46 
92 32 1878·81 74 14·4 ·1697 ·6246 73 43 

0·1795 0·5884 
·1708 ·5865 
·16go ·5786 

0·6138 
·6108 
·6o27 

J.B. Bayl 
T. N. Bail o~. ey. 
C. F. Pow ell. 

or. elling, Reserv'n. 
ul. 
ear.lis University. 

I 
St. Pa 
Minn 

er . 

I 

Brain 
Minn 

Sou 
Minne 

esota Point, near 
th Base. 
sota Point, near 

Base. 
k. 
on. I 

North 

___ g{~~~ 

44 54 
44 58 
44 59 
46 21 
46 43 

46 45 

46 46 
46 52 

93 II l88o74 74 55·6 ·166g ·6416 
93 05 1891 ·63 74 4! ·2! ·1661 ·6291 
93 14 18gI ·59 74 29·51 ·1682 ·6291 
94 15 188o·65 75 42·5 ·1578 •6391 
92 02 1871 ·48 76 26 ·15o6 ·6421 

92 05 1871·47'76 21 ·1530 ·6485 

92 04 l8gr65 76 25·8 ·1468 ·6257 
g6 40189r66 75 44·510·1565 0·6352 

I 

MISSISSIPPI. 

74 27 ·1666 "59871 ·6215 
74 29 ·166ol ·5978· ·6204 
74 17 ·16811 ·59741 ·6205: 
75 14 ·1578 ·5987 ·6191 
75 43 ·15o6' ·5916 ·6103 

·1530[ ·5973 75 38 ·6166 

76 13 ·14681 •5g85 ·6163 
75 32!0·156510·6o6610·6265 

J.B. ~ayl 

G. R. Put nam. 
or. 
stock. 

J.B. Bayl 
C. B. Com 

" 

J. B. ~ayl or. 

r
-~h·i-~ld_s_bo_r_o_,_B_a_y_of-S-t.-,---30_1_8.,---8g-·-1-9c1--8-9-6--·-14·-,-~-~~[~~-6-6·.b---5-5-94~6o--2-,1lo_·_2-75--6.,-~:~~~1lo.·~-57_1_;-. B-.-B-a-yl_o_r_--11 

Louis. I 
East Pascagoula. 30 21 88 33 184r46 . . I ·2868 ·5816 . . . . . . . . R.H. Fauntleroy. 

I Mi.g~~·· city 30,, s9 oo ;~:~: ::: ::~~ ·sw i., ;~ •,,;. ,s;s .,,,, ;J!~'.¥~· 
! Poplarville. 30 50 89 30 l8g6·12 6o 48·2 ·2742 ·5620 6o 461 ·2732 ·4882 ·5595 " 

Natchez. 31 34 91 24 18go·33 61 o6·o· ·27 II ·560C) 61 02 ·26go ·486o ·5555 " 
, Jackson. 32 19 go 12 1872·32 . . I ·2612 . . . . 

1 
·2555 . . . . T. C. Hilgard. 

Vicksburg, Castle Hill. 32 21 go 53 1Sgo·34 62 01 ·7 ·2650 ·5650 61 56 ·2630 ·4933 ·55go J.B. Baylor. 
1 Greenville. 33 25 91 0418go·3663 18·21 ·2586. ·5755 63 111 ·2568 ·5o81 ·5693 " 
' G enada. 33 47 89 5011872·21/64 24·0 ·25411

1 
·5881164 02 ·2484 ·5101 ·5674 T. C. Hilgard. 

xford, Univ. Grounds. 34 22 8g 33 18go·4064 45·6 ·2502 ·5867 64 36 ·2488 ·5241 ·58o1 J.B. Ba>_:lor. 
rinth. 34 56 88 35 1871·92165 54·6,0·242oio·5929I 65 26j°"2367lo·517Slo·5694 'r. c. Hilgard. 

MISSOURI. 

~ood. 
I ~~~Jphan. 
1 Poplar Bluffs. 

36 32 
36 38 
36 44 
36 56 
36 56 
37 o8 
37 16 
37 19 
37 2 

37 35 

F. E. Nip~-~1· 
" 
" 

Charleston. 
Howell County. 
Piedmont. 
Springfield. 
Houston. 
Lutesville. 
Bolivar. " 

I 
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Collection of the most recent magnetic dips and intensities observed in the Unit<·d States and referred 
to tlte epoch 1900·0-Continued . 

. 1.1ISSOURI-Continuetl. 

1:m~o~<0Hoo I '" l-'"'"_ :::_: o;,,: ~?_ r;~ l_::J··~ 1 "~: '·-! -o<.<-:.. I 

I 
I 

0 I 0 I I 0 I I 0 ,: I I I J 

I 
Pilot Knob, base and top. 37 371 90 37 1880·55~69 59·2 0·211610·61831 69 36:0·2089:0·561810·5994!· F. E. Nipher. 

1
1 

Buffalo. · 37 37I 93 061881·58167 57'0 ·2279 ·00711 67 391 ·22521 ·54781 ·5923 " 
Salem. 37 39 91 31 188o·5768 or ·81 ·22781 ·6o89 67 42J ·2251 ·5489; ·59321 " 
Lebanon. 37 4oj 92 42 1879·58~67 57'61 ·2292[ ·61081 67 371 ·22621 ·5493 ·5940/ " 

37 401 92 42 1881 ·581 . . I ·22861 . . I . . I ·2259! . . I . . I 
Arcadia. 37 461 90 41 l8So·54168 3:;·91 ·22491 ·6154 68 12 ·2222! ·55561 ·5984. 
Wheatland. 37 56j 93 24 1881 ·59'68 16·6 '22,)4 ·00361 67 58' ·22071 ·5454/ ·5883' 
Schell City. 38 031 94 05 1879·64/68 20·21 ·2253 ·6103/ 68 oo· ·2223 ·55031 ·59341 
Cuba. 38 041 91 21188o·5768 18·8 ·22481 .'6o83; 67 551 ·222il ·54751 '59091 
Linn Creek. 38 041 92 47 1881 ·56168 14 ·51 ·2256i ·00861 67 54i ·22301 ·5492 ·5927 
De Soto. 38 07 90 35 188o·55168 45·41 ·2203, ·6o8o! 68 22 ·2176 ·54871 ·58891 

Lawson Farm. 38 111 92 1 I 1881 ·55168 20·6 ·2267
1 

·6r43I 68 001 ·2242~ ·5549 ·5984i 
Vienna. 38 12 91 54 1881 ·54

1
68 39·6

1 

·2205/ ·0059 68 19; ·21So: ·5483
1 

'5<)001 
Tuscumbia. 38 12 92 30 1881·5568 oS·s ·2253i ·6051! 67 48: ·2228/ ·54591 ·58g6 
Canaan. 38 19. 9r 32 188r53168 47'3/ ·2208· ·6103168 251 ·2183. ·5518j ·59341 
Lincoln. 38 231 93 21 1881·60,68 22·6i ·2241f ·0081 68 021 ·22161 '54941 ·5919[ 
Roedersville. 38 24

1 
9r 10 1881 :52_69 00·5 ·22o~i ·6161, 68 38,

1 

·21821 ·5578; ·5989'1 
Wulfert Farm. 38 24 gr 16 1881 54 . . .220:ii . . I . . ·21So . . I . . 
Union. 38 25/ 90 591881·5268 56·2 ·2192· ·6og9I 68 34 ·21671 ·55211 ·s930/ 
Versailles. 38 251 92 53 1881 :56

1
68 4s·2 ·22o61' ·0088 68 2s1 ·2181 ·s514I ·s929j " 

Meramec River. 38 26

1 

90 12 1819 43 70 oo . . . . I . . . . I . . I . . i S. H. Long. 
Pacific. 38 28 90 44 188o·56169 02·3 ·2172 ·0071/ 68 38. ·2146; ·5486; ·s8S9 F. E. Nipher. 
Washington. 38 31 1 90 59 1879·62 6g OT6 ·21791 ·6116. 68 43\ ·21s2; ·5s24 ·59281 " 
Windsor. 38 321 93 33 1881·00:68 26·21 ·221]! ·00321 68 08, ·2192: ·5462 ·5S841 " 
Jefferson City. 38 3S 92 og 1879·61 68 S5'7 ·21821 ·6o69I 68 33J ·21561 ·s487 ·5895 " 
Cote sans dessein. I 38 361 91 56 1819·51170 so . . 1 . . I . . ' . . I . . I 8. H. Long. 
St. Louis, near Tower i 38 37 90 15 1886·75'69 28·5 ·2157! ·6152 69 11/ ·2140 ·s628, '0022, C. H. Sinclair. 

Grove. 1 I I I I i I 1 
St. Louis, near ·wash- i 38 38

1 

9<J 12 1879·681 ·2150; . . .

1

' . . .2.124_! . . .
1

. . . i F. E. Nipher. 
ingtonave. and 18th st.

1 St. Louis, Forest Park. 38 381 90 16 1896·34169 21 ·s ·2139i ·6o68 69 17 ·21351 ·56451 ·0036; R: L. Faris. 
Holden. 38 381 94 03 1879·63168 29·31 ·223oj ·6o81I 68 og ·2204; ·5496: ·s9211 F. E. Nipher. 
California. I 38 39 92381881·6468 46·7 ·2182 ·6o28 68 27 ·21591 ·s467I ·5S78 " · 
Zimmerman Place. 

1
: 38 411 93 341881:6168 l.)'2 :2272J ·6123J 67 53 :z249! '5533J 'S9711 " 

Near Clayton. 38 41 90 19 1881 50, . . 2116- · · I · · I 2o931. · J " 
Hermann. .

1
· 38 42 91 271872·7469 21·3 ·2151! ·6101 ... ·2115 ..... T.C.Hilgard. 

Sedalia. 38 421 93 1s 1879·0068 49·7 ·22141 ·61301 68 281 ·2189 ·ss491 ·s96sl F. E .• ~ipher. 
Marion. 38 42 92 2s 1881·6s68 48·1 ·218s ·00431 68 28[ ·2163, ·5483 ·5893j 
Dardenne. 38 43 90 42 1881 ·676g 02·7 ·21&'ll ·61181 68 40

1 

·21661 'SS46, 'S955 
Bellefontaine. 38 43

1 

90 121819·4870 oo . , . . I . . . . I .. I .. IS. IL Long. 
Pattonsville. 38 43 90 301881·6869 39·6 ·21;2/ ·6105 69 171 ·2100 ·55521 ·59361' F. E .• ~ipher. 
Opposite St. Charles. 38 44 90 31 1881·6870 oS·o, ·2076' ·6109 69 4S ·2os4J ·5568: ·5934 
St. Charles. 38 45: 90 30 1878·s2'69 29·9/ ·2o69' ·5907/ 69 031· ·2044_ ·5338! ·5716! 
Warrenton. 38 46J 91 081881:67

1
69 10·4' ·21611 ·0078) 68 48 :21401 ·ss17

1 

·s917 
O'Fallon. 38 47'! 90 43 188o 83 . . I ·2148. . . J . . I 2126: . . 
Florissant. 38 47 90 17 1881·68 . . ·21201 . . . . · ·2100/ . . 
Wright City. 38 47\ 91 oo 1878·s3l69 u) ·2123 'S97S 68 45 ·2100. ·s400[ ·s794 
Providence. 38 49 92 28 1881 ·6569 00·3/ ·2179' ·6o82/ 68 391 ·21581 ·5520I ·5927 
Clarks Fork. 38 s11 92 401881 ·64'69 1s·9 ·2173

1 
·6138168 561 ·21s2j ·5586 ·s987 

Sweet Springs. 38 SS 93 29

1

1881 ·62;68 57'4[ ·2187 ·6og1 68 371 ·2166; ·5533) ·59411 " 
Columbia. 38 56/ 92 20 1878·54,69 19·1I ·21481 ·6o82 68 SS' ·212s ·ss111 ·sgo6I " 
Franklin. 38 57

1 

92 57 1819·s469 30 . . . . , . . 
1 

• • • • S. H. T.,ong. 
McCredie. 38 59 91 551881:661 6~ o~·o: :2170,

1 

·6o78 68 43I ·2150 ·55181 ·s923/ F. E'.~ipher. 
Herndon. 39 oo 93 21,1881 62! I 2178! . . . . , ·2158 . . ; 
Arrow Rock. 39 o6 93 oo 188!'63 · · ·2140 . . I ·2120 . . 
CamponMissouriRiver. 39 061 93 oo 1819·57,69 4S . . 1 . . ) . . I : : i S. H. Long. 
Kansas City. 39 07J 94 381879·s868 s8·61 ·2200; ·6132 68 38. ·2177 ·5s65 ·5976, F. E. Nipher. 
Marshall. 39 08 93 171881·62'69 34·0, ·2144 ·6141 69 isJ ·21241 ·s6o61 ·5994; " 
Charanton. 39 101 92 20 1819·56,6g 50 I • • I . . 1 . . 

1 
i . . 1 S. H. Long. 

Fort Wage. 39 10 94 181819·596g 18 . . . / ' . . 1 • • I ' " 
Mexico. 39 11 91 s2 1878·53:69 2r61 ·217s '6199 ~ ~2 1 

·21521 ·561s ·0013! F. Nipher. 
Lexington. 39 12 93 s31879·6469 13'71 ·21681 ·6113 68 S31 ·2146j ·55s6\ ·595]'. " 

'Glasgow. 39 13 92 so 1879·ss'69 57'4; ·21051 ·6142 69 3s1 ·2082 ·5594 'S'.!69: F. E. ;:'ipher. 
Carrollto1!. 39 21 93 33'1879:s7_69 29·0,' ·21s3' ·6143 69 07, ·2130

1 
·ss84! 'S97SI 

Cow Island. 39 25 94 oo 1819 64 69 50 . . I . . · · , . . ! . . i . . ! S. H. Long. 
Lo1;1isiana, mean posi- . 39 28'I 91 05 1878·5669 s4·0

1
0·21o6p·6128 69 2io·2o820·5554.o·s932: C. F. Powell and 

tlon. i I i 1 I I I 1 F. E. Nipher, 

(1584--12 
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Collection of the most recent magnetic dips and intensities obsen,ed in the United States and referred 
to the epoch 1.900·0-Contiuued. 

~=·~""" 
I
I-- H~~nibal. 

St. Joseph. 
Macon. 
Chillicothe. 
Canton. 
Kirksville. 
Marysville. 
:\Iemphis. , 

,-------

Fort Ellis. 4S 40J 
Bozeman. 4S 40

1 
Fort Custer. 4S 4S: 
Billings. 4S 47/ 
Forsyth. 46 IS/ 
Townsend. 46 19 
Miles City. 46 24 
Helena. 46 37· 
Glendive. 47 o6' 
Cascade. 47 16! 
Fort Benton. 47 491 
Glasgow. 48 12 
South Crossing, Koote- 1 48 22. 

nay River. I I 
Havre. 48 34

1 Kootenay River. 48 40 
Tobacco Plains. I 48 57' 
Camp K?otenay East._ 148 S9! 
Camp K1shenehu. 49 oo 

, I 

)ilS80URl-GontinueJ. 

MONTANA. 

i ! I - I I I 

llO 58i1882·6671 43·410·19590·6246; 71 310·1939o·s8o10·6116 
!JI 0211896·4671 39·2 ·1909 '6o6S 71 37 ·19o6I 'S73S' ·6o44 
w7 48; 1882·s6 72 23 ·4 · 19211 ·63si; 72 07 · 190 11 ·s89 1! ·61 92 
J08 30;18¢·45 72 18·21 . 1862 '612s1· 72 161- · 18s9 ·s813· ·6104 
J06 39j18¢·44 73 04·4 ·18o3 ·6194 73 011 . 18oo1 ·s894 ·6163 
II I 31 18¢·47 72 09·0_ ·1865 '6o86: 72 07: · 18621 ·57701 '6o6S 
ws S318¢'43173 3s·o: ·17s7 ·6216; 73 31: ·1757 '5939I ·6193 
112021896•4872 11'4'1 ·1852i ·0057 72 09 ·1849 'S741, ·6o31 
w4 43 18¢·42 74 20·4 ·168s ·6244 74 17/ ·1684 'S9B4: ·6216 
Ill 421896·4872 37'0I ·183s' '6143: 72 3S~ '1832, ·58401 '6120 
1 w 40 18¢·50 73 44 ·sl · 17331 ·61891 73 421 ·1731: ·s9201 ·6168 
1o6 371896:s1 74 46:6 :16:8: :6201174 43_ ·16271 '5954 ·6173 
I IS 21 1861 s 1172 48 1118_,21 6195. . . i . . I . . I 

I09 371896·so74 27'1 '166o, '6192! 74 24
1

0·1658:o·s9390·6166 
llS 171861·53730]'2_ ·18oo; '61<)<'l

1 
· ·I· · j • • 1 · · 

I IS o8
1

11861'63 73 22'9
1 

'177]'1 ·6214 ' 
IIS 121861·5 73 II ·177s ·613s: I I 
114 21 111861 ·5 73 46·80· 1747:0·6257

1 
-

I J I i -

?\EBHASKA. 

B. A. Colonna. 
R. L. Faris. 
B. A. Colonna. 
R. L. Faris. 

" 

R. W. Haig. 

R. L. Faris. 
R. W.Haig. , 

J. S. I~'arris. i 
" _J 

- ----------- ---------------- --1 
Big Sandy River. 40 12

1 
97 12i18s8·6 1169 33 I . . I . I \ J. H .• ~impson. I 

Little Blue River. 40 1s1 98 JOl18s8·6 69 s1 I . .

1 

. .

1

. . . 

1

. . . . · 1 · . 
Fort Kearney. 40 38I 98 s6 1858·7 70 IS . . . . 
Camp No. 20. 40 401 99 S4 18s8·7 \69 37 I; 

Grandlsland,neardepot 40 ss- 98 2311872·82 70 15·50·20910·6190 69 48'0·2G>510·55740·5940

1 

T. C. Hilgard. 
Grand Island. 40 s5! 98 1811878·661

1

70 17'71 ·2w6: ·62461 69 s6 ·207s ·s6811 ·6o48 T. E. T_horpe. 
Camp No. 22. 41 os! 100 sol18s8·7 69 46 . . . . I . . I ' . . . . J. H. Simpson. 
Sidney. 41 oS, w2 SS 1872·8269 23·9 ·2139

1 
·6o79' 69 02 ·2098 'S47S ·s863. T. C. Hilgard. 

North Platte. 41 11: 100 4S 1872·82169 41·1 ·2u4 ·6o89 69 17 ·2073 ·s482l ·s86ol " 
Omaha. 

4
41

1 2
16

1
_! 95 s6\1891·6770 48·s1 ·2008; ·6w91 70 391 

·2000 ·s69s. ·6o3s G. R. Putnam. 
Ash Hollow. 102 03,18s8·7 70 03 1 

• • I . . I .. ! . . I . . · J. H. Simpson. \ 
Chimney Rock. 41 431 103 30118s8·7 70 os : . , I • • 1 • • • • " 

I Xorfolk. 42 02i 97 22 1896·3671 o6·8; ·19861

1
- ·613s• 71 03

1 

·1982 'S773, ·6104 R. I,. Faris. J 
I 

Newport. 42 361 99 21'1896·37171 18·3j ·19781 ·61711 71 IS ·1974 ·s814I ·6140 " 
Chadron. 42 sol 103 00118¢ 03871 01·30·20010·61s2; 70 s8~0·19970·57890·6123 " 

1--------------''--------l ___ I ____ ; ______ l ___ i_ ___ j I ! --------

r-·---

1 Pioche. 

I White Pine. 
I 
I Wheeler Peak. 

Genoa, Carson \'alley. 
Genoa, near astro. sta. 
Tres Pinos, Lehman 

Canyon. 
I,ehman Ranche, Snake 

Valley. 

37 S91 

38 191 

38 591 
39 001 
39 001 

:: :1 

NEVADA. 

114 0Jli1883·74!6s 36 
1

0·238ojo·s762! 6S ;110·2326;o·s107Jo·s6131 W. E~mb_eck ~ 
I , I - I 1 G. F. Bird. I 

rrs 30

1

1881·8964 04·1'I ·248s: ·5681: 63 s9- ·2422
1 

·4963 ·ss22I W. Eimbeck & I 
I ' - I ; I R. A. Marr. 

I14 19i1882:89
1
64 s9·9 ·2430! 'S749' 64 SS' ·2379

1 

·so83 ·s612; ". _ 
119 40 18s9 S ,64 12 1 . . . . - . . I • . . . . . , J. H. Simpson. • 
l 19 so, 1889·s9164 04 '4 ·2406 ·5so3: 64 02 ·237 l ·48691 ·s41s; R A. Marr. ' 
114 141882·92

1

6s 00·8 ·2431' ·5756' 64 S6
1 

·238o ·soS91 ·56181 W Eimbeck & 
I I • : I I J R. A. Marr. 

114o81882·9416s 02'4110·2438o'S777 64 s70·2387o·s1o6,o·s636'1 
I I ' I ' : i 
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Collection of the most recent magnetic dips a.nd intensities observed in the United Sta.tes and referred 
to the lpoeh 1900·0-0ontinued. 

NEV ADA-Continued. 

I Lal. ! Long. I Dale. 1

1 
"'':' ! ~1~ IT~~-::~ I "•-I v,. i F,_ ----=~«-1 

-o-, 1--0-,--;--1--:-~ 1-- -0--~,- -1--,- -· -------

Name of station. 

BigBend, Walker River. 39 og 118 561859·5 
1
63 37 ! . . . . . . i . . I . . . . · J. H. Simpson. 

Carson City, Freund's 39 IOI 119 46 1895 ·85163 41 ·8

1

10·2475.0·5585 63 41:

1

0·2461:,0·4975 0·5551j C.H. Sinclair. 
Observatory. . 

Carson Lake. 39 24. 118 30 1859·5 64 02 . . ! . . . . . . . I . . I . . i J. H. Simpson. 
Austin. 39 29i 117 04 1881 ·42,64 49·01

1 

·2422:

1

_ ·5692 64 43

1

1 ·2364/I ·50041

1 

·55351

1 

Wiz::t1~~~;. & 

Reese River. 39 29

1 

I 17 03 1858·9 64 25 . . . . . . . . . . J. H. Simpson. 
Reno, near court-house. 39 30 I 19 49

1

1881 ·28

1

64 14·1:
1 

·2452
1 

·5640 64 IO ·2394 ·4944 ·5494 W. Eimbeck & 
! R. A. Marr. 

Verdi. 39 31 II9 591889·53,64 23·1· ·2422 ·56o2 64 21 1 ·2387/ ·4971 ·5513; R. A. Marr. 
Eureka, Story Hill. 39 31. II5 58,1881·38·65 o8·4: ·24o6

1

'. ·5723 65 03 ·2365 1 ·5o83, ·56o7I W. Eimbeck & 
I I I I . R. A. Marr. 

Diamond Peak. 39 35 II5 49 1881 ·71

1

65 12·3: ·2402 ·5727 65 07 ·2344 ·5054, ·5572' 
Mt. Callahan. 39 42 n6 57 1881 ·54 65 or41 ·2407, ·5722 65 02 ·2349· ·5046 ·5566, " 
Ko-bah Valley. 39 44 116 10 1858·9 64 56 i . . 1 • • I . . , . · 1 J. H. Simpson. 
Hot Springs. 39 47 118 56

1

1881 ·29,64 46·5I, ·2430: ·57031 64 43· ·2372, ·5021: ·5554 W. Eimbeck & 
\ I I R. A. Marr. 

Antdope Valley. 39 47 114 12 1859·5165 16 : . . . . . . 

1

. . . ! J. H. Simpson. 
Cho-Keep Pass. 39 54 115 45 1858·9 65 19 I · · ·. ·. ,I · · · · I' " 

Huntingdon Spring. 40 01 I 15 191859·5 65 25 · ; 
Mineral Hill. 40 IO: II6 12'.1881·40·65 40·7 ·23751 ·57671 65 33 ·2327 ·5u8, ·5622 W. Eimbeck & 

I ' I I R. A. Marr. 
Rye Patch. l 40 26 u8 181881·2965 23·9 ·2379 ·5714' 65 191 ·2331 ·5071; ·5581: " 
Battle Mountain. 140 40 II6 501881·3165 51·2 ·2359~ ·5766165 44: ·2311 1 ·5126i ·56231

1 
Elko, State University. 40 47 115 46 1881·3266 23 ·o ·2325 ·58o4 66 16I ·2282 ·5190 ·5670 " 
Winnemucca, court- : 40 591 117 44.1881·3065 59·2 ·2358i ·5795· 65 53

1 

·23151 ·5170: ·5665 

I 
house. ' I I j I I I i I 

Wells Station. I 41 071 I 14 561188r-33166 49·91 · ..,..YJ ·5847' 66 43 ·2257' ·52441 ·57wl 

'
. Tecoma. 141 20:

1 

114 0611881·33·67 o8·00·228110·5870: 66 59'0·22400·5272,0·5728 
'----- I ' I I : -----~ 

" 

!" 'froy. 

:Monadnock. 
C/zeste1fteld Factoryvil­

lage. 

I 

42 501
1 

42 52, 
42 54 

Unkonoonuc. 42 59' 
Porls1'.1outl1, mean of six 43 041

1

1 

stat10ns. 
Patuccawa. · 43 07 
Gunstock. 143 311 
Hanover, ¥ mile west 43 42 

of ohservatory. ! 
Mt. Washington. 44 16' 
Camp on Mt. ·washing- · 44 161 

ton, 1111. west of sum't.! ! 
Fabyan Hotel. 44 16 
GlenHouse,4mileseast 1 44 16

1 
of Mt. Washington. i 

Littleton. : 44 19 
Gorham, Soldier Hill. I 44 22

1 

Gorham. I 44 27 
Halls Stream. 45 or 

NEW HAMPSHIRE. 

72 1IJ1861·64
1

1

,74 45·7lio·16500·6276:1 7~ w\-:~r.--~-:1~-~1• ~~~'Ii-.:;,;; I 

72o61861·5974 44·4 . . I • • 73 08: . . I . . . . " 
72 261890·71

1

73 54"7 ·1677 ·6o51 73 260·17000·57140·5962· J.B. Baylor. ! 
I I ' I I 

71 35 1848·77 75 o8·71 . 16o3i ·6251
1 

. · / · · / · · 1 · . J. S. Ruth. 
70 4511844·5 :74 51·0 . . 1 · . I! 73 55 . . J. D. Graham & 

I I A. W. Whipple. 
71 1211849·63 76 49·51 ·14261 ·62571 . . . . .

1

. . C. 0. Boutelle. 
71 22 l86o·58 175 43 ·6 · 156BI ·636i: 74 05: . . . . G. W. Dean. 
72 181189<n2174 43·41 ·16o8i ·6104; 74 15 ·1631 ·5782 ·6oo8

1 

J.B. Baylor. 

71 1811845·46,75 45"0 · 1528
1

I ·62111 I J. Locke. 
71 191845·46,75 50·8, ·1529 ·6253 ' . ' " 

I I I I ' ' 1· 

71 25 1845·47175 39·9 ·1538: 621 2' .. I I ' . . 
71 14 1856·61 75 56 I . . 1 . . : 74 08: I I K. Fnesach. 

71 13!1845:4675 33:4,0·1561,0·6261 1 
• • • • , • • j · . ! J. Locke. 

7 I 30 1845 5 :76 23 5• . . . . I . . . . . . . . I J. D. Graham. 
I : I i 

71 48
1
1873·74'75 39·1'

1 
-1558'. ·6285~ 74 20! ·16191 ·57721 ·5995: T.C.Hilgard. : 

71 15·1873·73
1
75 35·6 ·1572i ·6319; 74 1710·1633,0·58o40·6o28 " :J 

·----- --------- -----·- ----------------------

Cape May, Broadway 
and Beach avenue. 

Cape May Light-House. 
'fownbank. 
Egg Island Lt.-House. 
Port Norris. 
Atlantic City. 
Pine Mount. 

NEW .JERSEY. 

-- --,--------- - -, - f · · - -1 -r-- - -- · r-- -,---1-------------i 
38 56 74 56/1891 ·41170 37' llo·19g6 0·6o16 70 23}1 i I ·{G. R. Putnam. ! 

I · 1 I 0·2023 10·57160·6o63 \ 
38 561 74 5811874·49171 28·51 ·1975! ·6216i70 ;>,81 I I · T. C. Hilgard. , 
38 59 74 58j1846·5071 23·6: ·1968' ·6169 . . · : , J. Locke. · 
39 IO. 75 o811846·48171 45·11 ·1939

1

1 
·61941 · • " 

39 15 75 01,1846·48!71 39-6 ·1942 ·6171 .. 1 
39 221 74 25 186o·65 71 47"0, · 1939· ·6202 70 36, C. A. Schott. 
39 25 75 20,1846·46171 41·4·0·19540·6219'. . . I J. Locke. 
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Collection of the rnost recent magnetic dips and intensities observed in the United States and referred 
to the epoch 1900·0-Uontiuued. 

XEW .JERSEY-Co11ti11ncd. 

Nnn1c of station. 

·---------------··-- ··-:Jlor-.-,1-T':~:- ·1 ' I ---------1 
Lat. l,ong. Date. ' Dipe .. force force e, .. JO 111000 I_\_'_, ... ___ ! F19'JO -- Ohserv-er_. __ I 

1- J-~ --: --0 ,· -1-0 -:· I-"~:-" 0 , ! 

1 Hawkins. 39 26
1
' 75 17'1846·47J71 42·6

1

0·194SJ0·6206 

I 

Long lleach. 1 39 32 74 16'186o·6471 58·5' ·19161 ·6193 70 48 
Tuckerton. • 39 36: 74 20 1846·85172 12·31 ·1873, ·6130 
Church Landing. 39 41! 75 31 1846·42171 22·0 ·19881 ·62201 1· 
Barnegat Light-House. 39 46; 74 o6 186o·64·72 05·31· ·1894' ·6159 7o S4, 
Chew. 39 48, 75 IO 1846·53'72 14 ·4 · 1893[ ·62o6 I 

White Hill. 40 oS: 74 44 1846·38~72 o6·2 ·19121 ·6223 1 I 
Trenton. 40 131 74 45 1841·31[71 59 ·1935, ·62521 

i 
. J. Locke. 

C. A. Schott. 
T. J. Lee. 

, J. J.,ocke. 
I C. A. Schott. 

J. Lo~~c. 

Princeton College. 40 211 74 4oi1844·3972 40·21 ·1852; ·6215 
Princeton, Rocky Hill.: 40 23 74 3911844·40:72 35·01 ·186i ·62381 
Mount Rose. : 40 22 74 43.1852·62

1
72 42·5 ·19041 ·6407 

SandyHook,nearinner I 40 28-1 74 00
1
·1895·4771 48·2 ·1894rl ·6c65 71 

. i . . I • . I • • J.E. Hilgard. 
44

1
0· 1884 0·57o80·6011, J.B. Baylor. 

beach. ~ I [ 
.'Vcw Bnmswick, Rut- [ 40 30

1 

74 27
1
1895·67171 54·4, ·1879: ·6o51 71 

gers College. 1 

6
, 

8 45 
_
4

j • 

Snake Hill. ! 40 43 74 o .1 44·3 ,72 . · · 
Newark. J 40 451 74 I0'1846·3j;72 52·2o·1828!0·6205 1 

Fort Lee. 40 51, 73 58 1844·3 172 41 I I 
j p 1, 40 561 . 8 f72otO\ 1' 
l_~:~S~I~~ ! I 74 IO lc44"3 , 75 o(?JI ._· _____ _ 

, I : 
47o·18860·5731;0·6o33 

· I · . ! . . I . . ; J. Locke. 

I " 

~E\\' :\IEXICO. 

[-~an L:is Sprin~~- -·-, ~~~- w8 481 1855·3015;-37---~·288~io·5395! . -- • i I W. II;,Emory. · 1 

AguadelPerro. 31 21 1o8 201855·2557 281 ·2838 ·5279 ... I. · 1 · ·: 
Carrizalillo. 31 5r !07 56 1S55·1658 31 ·2824; ·5408 I . 
Deming. 32 17 w7 50-1888·90'59 12·8· ·27851 ·5441, 59 ;30:27;38

1
'0:4596

1
0:53491 J.B. Baylor. 

Doiia Ana. 32 22 1o6 4h851 159 o6 . . ! . : W. H ... Emory. 
Station IX. 32 22 107 24 1851 59 09 I 
Ojo de Inez. 32 451 1o8 14 1851 59 18 . . " 
Copper Mines. 32 47 108 04:1851 ;s9 17 " 
Fort Craig. 33 38; 107 0111888·89161 02·0 ·2692, ·5558 61 01 :2641i ·.477.8

1

. ·5463 J.B. Baylor. 
Isleta. 34 54· 1o6 40 185y8562 24 ·2679 ·5782 I I J. C. Ives & A. 

! I I W. \Vhipple. 
Rio San Jose. 35 01 107 14i1853·8663 18 ·2602 ·5791· " 
Cedar Forest. 35 Olj 1o8 55[1853·91;61 40 ·2733 ·5759' " 
Agua Fria. 35 021 w7 58 185;,-88162 05 ·2709 ·5787 I 

1
1 

Prescription Rock, El ! 35 03
1 

108 14!1853·88

1

62 03 ·2699· ·5759, . . I • • 
Moro. I I i ; I .. 

Albuquerque. 35 04 1o6391888·8862 33·3 ·26o4 ·56491 6.2 3. 11';. ·2570. ·4940 ·5568. J.B. Baylor. 
\ Covero. I 35 05 I07 2611853·87162 26 l ·268o ·57911 ! [ J.C. Ives & A. 
I 1· 1· I W. Whipple. 

I 
Hay Cam_P. / 35 05: 107 39 185y87 62 39 . . · ?·53F . · · " 
Arel?- Si;>nng. 

1

. 35 05 108 4811 ~53:9061 55 I : 2715 : 5768; . I 

I

' Zum River. 35 06' 1o8 39· 1853 89,62 02 I 27051 5768: . . . . · . · · 
Fort Marcy, Santa Fe. 35 41' I05 5711895·23,63 29·3 ·2551 ·5715; 63 281 ·2535: ·5077 ·5676, E. Smith. 
Fort Union. : 35 54 w5 01['1888·87(63 50·2,0·2504.0·56n 63 470·2470

1
'0·50170·55911' J.B. Baylor. 

I I I I ! I I 
~----·. ·- -- ··--- -------·----------------

r---·-----------,· --

\ 

Cole, Staten Island. I 40 32' 
Fire Island, near L. H. 40 38 
Flatbush, Mt. Prospect, · 40 4o' 

I Brooklyn. I 
::-<ewYorkHarbor,Gov- 40 41: 

ernors Island. 
New York, Columbia 40 43: 

College, old site. 
'' 14 I 

New York, Central 40 46 
Park, west of mall. 

New York, Riverside 40 49' 
Park. 

New York, Blooming- 40 ::o ,, I 
dale Asylum, Man- 1 
hattanville. 1 

NEW YOHK. 

74 1411846·36.72 34-20·1857'0·6201 
73 13'186o•6673 00·2 ·1798. ·6151 71 
73 58186o·72 72 40·8. ·18681 ·6275 

74 Olll85y6o:72 46·3. ·1810! ·6109 

74 0011844·63?2 37"8 ·1877! ·6288 

" ·1845·6872 40·6 ! 7I 
73 5811872·84 72 35·s. :18;36i ·6138 

i I I I 
73 5811885·&i?2 12·0 ·1860 ·6o84, 

73 57 1846·32 72 39·00· 1848 0·6197 

I I ! 

. . . ! . I J. Locke. 
21o·1870.0·55401°"5847 C. A. Schott. 

; I I i 

I I 
; · I ! E. Sabine & · I · J. Renwick. 

50:0·1871 0·5704llo·6oo3! t ~.ns~~~-. 
I J. B. Baylor. 

" 

I 
J. Locke. 
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Collection of the most recent ma,qnetie dips and intensities observed in the United States and referred 
to the epoch 1900·0-Continued. 

NEW YOHK-Continuod. 

1_·-------~_.:_11~1c_·-o~f~s-t_a_t_i_o~n-. ----~-l-,a_t._l--~-o-11_g_-. --i-D-n-te-. _D_i_p_8_. -I -lo-:~-~---}~-J-~e-~--8--, ... --_-H-_, ... --_-:-,
900
--F-,'°"-i ___ O_b_se-rv-er-. ----

1

, 0 '/ 0 I 0 0 I 

I 
Patchogue, west of 40 45 73 0111875·5972 45·4

1
0·18300·6174 71 440·18750·56810·5983' J.M. Poole. 

Ocean House. : I / 
Legget. 40 49 73 54

1

1184r7972 52·7/ ·1833! ·6227 . . . . R. H. Fauntle-
1 I roy. 

West Hills, Long Isd. 40 49 73 26 1865·61 72 56·8. ·1812. ·6178 71 30

1 

·1874 ·56o2 ·5906 E. Goodfellow. 
Ruland, Long Island. 40 51

1 
73 02j1865·4072 54·9/ ·1819'[ ·6191 71 28 ·1881 ·56rr ·5918' " 

Oyster Bay. 40 52
1
: 73 321844·71 72 58·5 ·1795 ·6131 . . . I J. Renwick. 

New Rochelle. 40 52 73 4711844·6972 44·01 ·17731 ·5972 I . I . I " 
Lloyd Harbor, Hunt- 40 561 73 25·1844·71 72 50·6. ·1778 ·6o29 

E~~~),~:i;1pton. 40 57 72 J1875·64 72 47'31

1 

·18381

1 

·6211 71 ~6/ ··1~31 :57~5· ·6o17 J. M. Poole. 
Port Chester. 41 oo 73 4ol1844·7oi72 53·4 . . I . . I J. Renwick. 
Sag Harbor. 41 00

1 72 17 l86o·68l73 20·91 ·18oo. ·628o 71 43

1 

.'18.]2 ·5666 ·5nkR. C. A. Schott. 
Greenport. 41 o6 72 2111845·6372 57'9, ·17751 ·6o6o . . . ,"."/ J. Renwick. 
Port Jervis, Carpenters 41 21 74 42/'1873·4T/.73 14'3·

1
· ·1797 ·6231 72 oSI ·1845 ·5724 ·6o13 E. Smith. 

Point. I 
West Point. 41 23 73 5711842·8o,73 31·5: ·1792, ·6318 J. H. Lefroy & 

lett. I I I W. H. C. Bart-

" " 1843·5 In 12·2
1 

·186o/ ·6437 A. D. Bache. 
Cold Spring. 41 25 73 58

1

1855·6673 54·8 ·1747 ·63o8 C. A. Schott. 
Poughkeepsie, mean of 41 42 73 56 1844·45/'74 05·0

1

· ·1720 ·6272 J. Locke. 
two stations. I I 

Owego. 42 o8 76 17
1
·1841·6 74 13'9- ·1666. ·6131 .. ' A. D. Bache. 

Belvedere. 42 13 78 o6 1841 ·6 174 09·51 ·1692' ·6198 J 

:\1ayville. 42 161 79 40

1

1874·5974 05·oj ·17211 ·6276 73 14 .'1740 ·5774 ·6o31I F. E. Hilganl 

I I I 
& W. Diehl. 

Ellicottsville. 42 181' 78 441841·6 74 rr8. ·1718 ·6347 .. I A. D. Bache. 
Rath. 42 21 77 2111874·57

1
74 15·51 ·1717 ·6329 73 12 .'17j9 ·576o ·6o17 F. E. Hilgard 

I I I ·& W. Diehl. 
Ox.ford. 42 26, 75 4oj1885·73173 45·8 ·1702 ·6o87 73 09 'li21 ·5682 '593i J. R. Baylor. 
Itlzaca, Cornell Univ'y. 42 271· 76 29

1
1890·8273 49·5 ·16921 ·6o74 73 26 ·1704 ·5728 '5977; " 

Dunkirk. 42 29 79 21'1841·6 74 17'2 ·1670 ·6166 A. D. Bache. 
Greenbush. 42 38. 73 44[1855·66175 11·1 ·16541 ·6469 73 20 1 C. A. Schott. 
Albany, Dudley Ob- , 42 40/' 73 4Sj1896·7073 47'1 ·1698 ·6o81 l 

scrmtory. 8 6 R L ' · 
Albany, V. Colvin'sres- 42 40 73 47 189671 73 41·4 ·1717 ·6u7 73 2 'I 95 ·57ro '5955 · · l'ans. 

hl=~- i 
Penn Yan. 42 40 77 05 188r4 73 50 · 1728 ·62o6 73 18 · 1745 ·5817 ·6o73

1 
L. F. Bellinger 

I 
& G. Sterling. 

Sherburne. 
Troy. 
Otsego. 
Schenectady. 
Cook Point. 

42 41 
42 44 
42 47 
42 48. 
42 52 

75 33111875·67

1

74 15'1 ·1718 ·6330 73 14 ·176o ·5841 ·6101 J.M. Poole. 
73 41 1843·6 74 47'9 ·1648 ·6285 . . ' A. D. Bache. 
74 421882·6373 55·4'. ·16941 ·6u6 73 07 ·1723 ·5677 ·5933 J. R. Baylor. 
73 57J1843·5 •74 54·sl ·1615 ·6205 I A. D. Bache. 
77 1711888·431 . . ·17161 ·1729 . I J. F. Hayfor~l & 

/ . J.C. Dowling. 
77 02;1843·5 174 33·2 ·1676 ·6293 . . I . ' A. D. Bache. 
78 5411885·71[74 04·7 ·1692

1

' ·6168 73 211 ·1726 ·5771 ·6o24 J.B. Baylor. 
Geneva. 42 53 
Buffalo, Fort Porter. 42 55 

75 45_1882·76,74 18·41 ·1681 ·6215 73 32 ·16971· ·5741 ·5987 " Fenner. 

1 

42 57 
Howlett. 43 00

1 Syracuse. 43 03 
76 1711883·66174 17'51 ·1671 ·61731 7.3 3. 41' ·1695 ·57461 ·5992 " 
76 091843·5 74 51·2: ·1640 ·6276j . . ! A. D. Bache. 
76 52_188y72_74 31·81 ·16511 ·6188 73 49 ·1673 ·5765 ·6oo2 J. n. Baxlor. 
75 24:1874·82174 37'5 ·1676

1 

·6321 73 35 ·1714 ·5817 ·6o65_ T. C. Htlgard. 
Clyde. 43 03/ 
Clinton, Hamilton Col- 43 03 

lege. 
; Niagara Falls. 

Utica. 
Rochester. 

Lockport. 
Charlotte. 
Fort Niagara. 
Loomis. 
Pen Mount. 
Prospect. 
Oswego. 

, :\1a1111sv11le. 

43 04 79 04
1
11874·58

1

74 37'71 ·1681 ·6341 73 47 ·1702 ·5852 •6o¢ F. E. Hilgard & 
W. Diehl. 

43 07 75 13/1844·4674 48·8, ·1652/ ·63o8 .. I J. Locke. 
43 09 77 38

1
1874·58174 38·51 ·1675I ·6324 73 48 ·1713 ·5897 ·6140 F. E. Hilgard & 

W. Diehl. 
43 11 78 46'1844·46j74 44·2 ·1659/ ·63o8 . ' J. Locke. 
43 13 77401873·41 74 50 1 ·1675, ·6403 73 57 ·1715 ·5962 ·6203 A. N. Lee. 
43 rs 79 04 1859·45174 51 · 1653 ·6324 73 30 W. P. Smith. 
43 21 76 17 1882·86174 47'7I ·1622 ·6185 74 03 ·1647 ·5762 ·5994 J.B. Baylor. 
43 23 75 161882·64 74 31·41 ·1663 ·6231 73 431 ·1692 ·5793 ·6o,o,4 " 
43 26 73 45 1882·6o74 43·5, ·1625 ·6169 7.3 s. 2 ·.165.410·.571.8;0·.595.3 
43 26 76 3511843·6175 onl ·15990·6226 I A. D. Bache. 
43 43 76 03 r884 · 44 . . ,a· 1599, , . • . o· 16251 • • • • J. B. Boutelle, 
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Collection of tltc 1nost recent magnetic dip.~ and intensities observe<l in the United States and referred 
to the epoch 1900·0-Continued. 

NEW YORK-Continued. 

I 
·-

I Hor. Total I I 

I 
Long. I Date. I Name of station. Lat. Dip 8. I force fo~ce e,... H,... v,... F, ... Observer. 

! 
I 

H. I'. 
i 
I i--·-1--- I -0 ,r---·---0 ;----0 I 0 I I 

T. C. Hilgard. I I 

I Pierrepont Manor. J 43 44 76 03,1874·&> 75 25· 1o·16ooo·6355 74 22
1
0· 1640

1
0·586olo·6o86 

I Sacketts Harbor. 76 07 1873·40 75 24 . 16oo ·6349 74 18 .. 1642, ·5842 ·6o69 A. N. Le<. :__J 
Rouse Point. 

I Potsdam. 

Ft. Johnson, Smithville. 
Wilmington. 
Lake \\'accamaw. 
Fair Bluff. 
Burgaw. 
Beaufort. 
Warsaw. 
Portsmouth Island. 
Newbern. 
Charlotte. 

Kinston. 
Goldsboro. 
Washington. 
Asheville. 

Salisbury. 
Wilson. 
Rrileigh. 
Mor.'4anto11. 

Bodies Isl; nd. 
Jamcsvilk. 
Sand Islaud. 
Warm Spring. 
Tarboro. 
Edenton. 
Greensboro. 

Poe re. 
Shell bank. 

143 57 44 37 75 00 1874·79 76 03·3 ·1507 ·6252/ 75 ool ·1545 ·5766 ·5¢9 T. C. Hilgard. 
45 00 73 2T879·1s 76 18·210·15o80·6368· 75 180·154610·589310·6og3 J.B. Baylor. 

I I I I I I 1 

NOHTH CAROLINA. 

I I 
' ' I I I I ---

33 55.

1 

78 01 188r2065 34·0'0·238710·57711 65 o8'0·23830·514olo·5667I J.B. Baylor. 
34 13 77 56 1891·3766 00·9 ·2361 ·58o8, 65 43 ·236o, ·5231 ·5739 " 
34 18 78 33 1891·3665 57'4 ·2340 ·57441 65 40 ·2339 ·5171 ·5677i " 
34 191 78581891·3665 48·01 ·2370 ·57811 65 31 ·2369, ·5202 ·5718; " 
34 31 77531891·3866 19·11 ·2327 ·5793 66 01 ·23261 ·5229 ·57231 " 
34 43 764018&>·0466 49·81 ·2331 ·5924 66 o8 ·2330 ·5266 ·576o 
34 591 77 56!1891 ·3966 42·4, ·2282 ·57701 66 25 ·22821 ·5228 ·57041 
35 04 76031871·25167 13·6 ·2303 ·5949_ 66 16 ·23001 ·5231 ·5715 A. T. Mosman. 
35 07 77 03 188r21 67 02·0 ·2269 ·5815; 66 34 ·22691 ·5235 ·57o6i J. B. Baylor. 
35 14

1 
8o 46 1873 ·58,67 ors: ·2346

1 

·6o35! 66 25 ·23261 ·5328 ·5814' F. E. Hilgard & 
I I I I I J. M. Poole. 

35 161· 77 31 1891 ·39
1
67 13 '9, ·2256 ·5829, 66 56 ·2256, ·52971 ·57571' J.B. Baylor. 

35 23 77521891·.f'.)66 54·0· ·228o ·5812 66 36 ·228o' ·5269 ·5741, " 
35 321 76 56 1891 ·43'.67 20·1: ·2248 ·5835 67 02 ·22481 ·53041 ·5761[ " 
35 36

1
. 82 30 1873·6o67 26·71 ·23411 ·6103

1 
66 471 ·232J

1 
·54091 ·58861 F. E. Hilgard & 

I I J. M. Poole. 
35 40. 8o 20 1873 ·58,67 46·01 ·2315, ·6118 67 o6 "2295; ·5434 ·58981 " . 
35 431 77 47 1891·4267 18·0, ·22541 ·5841, 67 oo, ·22541 ·5309 ·5768

1 
J.B. Baylor. 

35 47. 78 38 188r2367 16·4 '2266' ·5866, 66 51j ·2265 ·52981 ·57621 " 
35 471· 81 30 1873·59'167 15·31 ·23361 ·6o42166 361 ·2316; ·5352 ·58321 F. E. Hilgard & 

I
, J. M. Poole. 

35 48·
1 

75 32 1846·9868 18·1
1 

·21931 ·5929 . . 1 · . . . I C. 0. Boutelle. 
35 481 76 47 1891·44167 27'1 1 ·2236 ·5832, 67 o8 ·2236, ·5303 ·57541 J.B. Baylor. 
35 50

1 
75 401876·1 168 05·4' ·2256

1

1 ·6o47 67 18 ·22561 ·5393 ·58451 E. ~mi~h. 
35 so. 82 48 1833'7 .67 39 . . . . . · 1 · . . . . . J. N. Nicollet. 
35 53; 77 30 1891 ·43;67 56·6 ·2207 ·5876 67 38 ·2207. ·5363. ·58oo J.B. Baylor. 
36 02 76 32 1891·44167 45·6 ·2212 ·5843'. 67 27 ·2212i ·53271 ·5769; " 
36 031 79 40 1873·57

1
68 35·3 ·226o ·619i! 67 48 ·2242i "5493> ·5933j F. E. Hilgard & 

I . I \ J. M. Poole. 
36 o~·· 81 09 1895·67;67 23 ·6, ·2275 ·5918! 67 15 ·2274: ·5423 ·588o A.H. Buchanan. 
36 o 7544184r2668 37·8I ·2173 ·5g66I . C. 0. Boutelle & 

I I G. Davidson. 
Stevenson Point. 36 o6; 76 II 184r1268 54'5! ·2149I ·5971 1 • . . • C. 0. Boutelle. 
Elizabeth City. 36 18; 76 o6 1891 ·45/68 o6·9. ·2199I ·5gco

1 
67 47i ·2199I ·5384 ·5816 J.B. Baylor. 

Weldon. 36 2i 77 25 188r24:68 o6·8· ·2194 ·5887 67 39 ·2195 ·5338 ·5772 " 
Nottoway River. 36 321 76 561188r17i68 31 ·6! ·2184 ·5966! 68 021 ·21851 ·5416 ·5841 C.H. Sinclair. 
N. Ca. & Va. boundary. 36 33~ 76 12 1886'99

1

68 29·8j ·2184 '5957' 68 001 ·2185. ·54o8

1

• ·5832 " 

~K-n-o-tt-1-sl_a_n_d_, _N_._c_. -&--3-6_3_3-'-l --7-5_5_6-'-'I 1_8_8_7_·o6-'--6-8_2_7_·_9.1lo_ · 2 r 93 o· 597 4:,' 67 58,·o· 2 r 941,o· 542 r o· 5848 Va. boundary. / I 

NOHTH DAKOTA. 

r----:----· ---·-
I !Jismarck. I 46 48 
1 Jamestown. I 46 54 

·----------, 
100 4711890·58 74 53·3

1

0·1644
1
0·6305! 74 4)

1
0·1643io·6oo50·6226; R. A. Marr. J 

98 43,1896·42 75 27'9 ·15941 ·6351 75 23 '15941 ·6112 ·6317 R. L. Faris. I 
I Dickinson. i 46 54 

I 
Williston. ! 48 09 
Rugby. I 48 22 

\ Pembina. [ 48 58 

Cincinnati, Longworth 's 
garden. 

Ci11dm1ati, Mt. Look­
out Observatory. 

39 o6 

39 o8 

102 44: 18¢·42 74 24·4 ·1681 ·6255 74 201 ·168o· ·5990 ·6221 " 
103 38,11896·51 75 23·2 ·15871 ·6286 75 19! ·15871 ·6o56 ·626:: 
99 5618¢·5276 04·6 ·1519 ·6311 76 ool ·1519 •6og3 ·6279. 
97 14 1896·53 77 2o·olo·1396jo·6367 77 15lo·1396lo·617olo·63261 ! 

OHIO. 

I ! I I I ~ I I - I 
84 27

1
1849·43 70 28·80·2087 0·6247 . . I • • / . . • • J. H. Lefroy. I 

I : I I . I 
84 25:1888·5870 18·J°o·2058·lo·6uo·I 69 5910·20580·5648lo·6o12 J.B. Baylor. \ 

I I ' I I 
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Collection of the most recmit magnetic dips and intensities observed in the United States and referred 
to the epoch 1900·0-0ontinued. 

r 
Name of station. Lat. 

·----

I 
0 I 

Athens. 39 2C 
Mason. 39 22 

I 
Hamilton. 39 23 
Marietta. 39 25 
Lebanon. 39 26 
Oxford. 39 30 
Carrollton. 39 3S 
Dayton. 39 45 
Springfield. 39 54 
Hebron. 39 59 
Columbus. 40 00 
Urbana. 40 03 
l'iqua. 40 o6 
Frazeysburg. 40 09 
Tuscarawas. 40 24 

Steubenville. 40 25 
Saint Mary. 40 32 
Dover. 40 33 
Wellsville. 40 381 
Forest. 40 50, 

Fulton. I 40 55. 
Clinton. 40 58' 
Tallmadge. 41 o61 
Hudson, \Vestern Re- 41 151 

serve College. I 

\Vindham. 4r 151 
Shakersville. 4r I IS1 
Streetsboro. 4r 15 
\\'arren. 4r 161 
Hartford. 41 19 
Bazetta. 41 201 

Aurora. 41 20 
Twinsburg. 41 20 
Bedford. 41 241 
Huron. 41 26 
Sandusky. 41 29' 
Kinsman. 41 3o' 
Cleveland, City Hospital 41 301 

grounds. 
301 Cleveland, Marine Hos- 41 

pital. 
341 Maumee. 41 

Toledo. '41 41 
Ash tabula, close to lake. ; 4 r 521 
Ashtabula Landing. 141 541 

j 

! 

Long. 

I 
OHIO-Continued. 

i 

I I 0 

S2 02'1 

I 
Hor. I Total . J 

Date. Dip B. force I fm:ce I B.,,. H1eoo v,.,. F1000 I 
--- -o I ~--1-l·:_,._o I -.--1 
8So·92 70 58·7\0·2024'0·62101 70 21lo·2024lo·5668!0·6o19• J.B. Baylor. 

84 13'1 
S4 32 I 
81 28:1 
S4 o6l1 
S4 3Sf 1 
84 0911 
S4 091 
S3 50\ l 
82 29j1 
83 00 I 
S3 4+ 
84 13;1 
82 o8il 
81 50 l 

So 39·1 

S4 1911 81 30 l 
8o 44 I 

S3 2T 
81 381 
81 4011 

840·65 70 54 ·2i· ·20481 ·62611 . . . . 1 · . . . J. Locke. 
840·63170 58 ·2051 ·6289 . . . . . . . . " 
845:5 111 22:3, :20o6I :62Soj . . . . . . . . :: 
840 64l·71 02 11 2038 6271. . . . . I . . . . 
845·5 71 10'0 ·2033 ·6298 . " 
840·5 7r ro·o1 ·20271 ·628o' . . . . I 
840·64'71 22·01 ·2oor ·62611 . . . . 
838·24'71 27'4 ·1996 ·6275 . . . . 
841·8 l1r 10·11 . . , .. 1: . . i E. Loomis. 
S91 ·51 70 42·5 ·2010 ·6o82 70 26,. ·.201.0

1

. ·.565·5!' ·6oo2 J.B. Baylor. 
838·24 71 39·7 ·2004 ·6368 . . J. Lo~~e. 
S40·64 71 35·S ·1g83f ·6280 . · 1 · . 
841·S 171 48·71 . · 1 · . I . . . . · . . , E. Loomis. 
874·63:72 o8'5.

1 
·1912 ·6235 71 28 ·1912 ·57031 ·6o16

1 

F. E. Hilgard 

I 
J I and W. Diehl. 

840·6 72 32·8

1

: ·1820, ·6o67' . . : . . , . . ' . . A. D. Bache. 
845:5 f72 00:3 ·1946 ·6:ig8 . 1 · . i

1 
•• I J. Locke. • 

841 8 72 19 2 . . . . . , J E. Loomis. 
844·4872 35·3 ·1S72 ·6257, .. , .. I . . : . . J. Locke. 
874·64!72 20·711 ·1894 ·62451 71 43: ·1894 ·57331 ·6o38I F. E. Hilp;ar<l I I ' : • · and W. Diehl. 
841 ·8 ,72 38·9 . . , · I I · E. Loomis. 

81 27 I 
Sr 26 1 

841·s l·12 44·0 .. 
1 

I .. 
841 ·6 72 53 '4 I S40·3 .72 51·7 ·1862 ·6248 ' 

81 03,1840·5
1
73 03·4 .· .· \ · · I 

81 13:1840·5 72 56·6 
81 20J1840·5 172 53·0 I 
So 54,1844·48172 55·9 :18471: :6293 
8o 3411840·5 72 59·81 
So 45

1
11840·5 72 59'7 : : I : : I 

81 20 1840·5 172 55·5 I 
81 26 1840·5 172 5 I '31 . . 1· . . 
Sr 32!1840·5 72 58·1' : : . . , 
82 271184y43;73 oo·o ·1853 ·63381 
82 4711839·4 72 5r8 1 · 
8o 34 1840·5 73 o8·1 . . 
81 421189r42 72 39 ·1S3 :614 l · 
Sr 41,1888·55 72 49·9 · 1832 ·6206: 72 

83 37 1839·4 72 49·1 I 
83 32 1839·4 73 o6·1 : : : : 
8o 521844·4773 25·0 ·18o30·6317; 
8o 471841·6 72 23·50·1770 . I 

; I 

OKLAHOMA. 

No Htation. 

OREGON . 

I 

J. Locke. 
E. Loomis. 

" 

J. Locke. 
E. Loomis. 

H. F.Reid. 

27·0·1832 0·579310·6o76l J.B. Baylor. 
I I 

. / E. Lo~tnis. 

· I J. Locke. 
. A. D. Bache. 

. -~--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~_, 

122 5811881·5)66 03·2:0·23r50·5704\ 66 a;i
1
0·2273'.0·5105:0·5589I J. S. Lawson. Jacksonville. 42 18) 

Canyonville. 42 54 
Oakland. 43 26: 
Eugene. 44 031 
Santiam River. 44 35 
Vaquina. 44 36, 
Albany. 44 39 
Salem. 44 56 
Multnomah River. 45 15 
Portland, City Park. 1 45 31 
Portland,Custom-house., 45 31 
Dalles. . 45 35 

123 1818s1·5565 57'9' . . . . 65 54 . · 1 .. · . · I " 
123 181

1
1881 ·55:

1

66 59·41 . . I • • 1' 66 561 · . · · i · · · " 
123 05 1881·57,67 51·0, ·2211 ·5865 67 47: ·21701 ·5314. ·57401' " 
122 2i1830·6 168 28 · ·2143 ·5837 . . ' . . I . • D. Douglas. 
124 01 1888·36'68 00·31 ·21561 5758' 67 571 ·2136 ·5274! ·5690 R. A. Marr. 
123 02 1881 ·57 68 08·5 ·21741 ·5S40 68 051 ·2134 ·5304: ·57181 J. S. Lawson. 
122 58 1881'5868 13 ·31 ·2168 •5843 68 IO '2131 ·53191' ·5731 " 
122 47 1830·6 68 57 ·2081[ ·5796 . . I . . . . . .

1 

D. Douglas. 
122 42 1895·1S68 4871 ·21651· ·5990! 68 481 ·21581 ·5563 ·5g66 J. J. Gilbert. 
122 411895·1469 31·51 ·2043 ·58401 69 30 ·20361 ·5446 ·5814 " 
120 56186o·3969 41·8,0·2rn40·6o63 69 30!0·2044,0·5468jo·5837 R. W. Haig. 
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Collection of the rnost recent 11iagnetic dips and intensities obscri,ed -in the United States and referred 
to the epoch 1900·0-Contmued. 

OREGOX-Contiuued . 
. --···· --·-··------------------~ 

I Lo< "'"' ~" ""' :1;7 ! T~if I "•• I H,~_l::_I P,M l---0-1->s_e_rv_e-rr .. ___ I; 

-0 --:1 0 I 0 I 0 I I 
Three Mile Creek. 45 391 120 58!1881·78 . . '0·2o62. . . . . 0·2040 . . . • 
Blalock. 45 44, 120 151'1881·77 .. , ·2073 1 

•• j • • ·2051i . . .• 
J. S. Lawson. 

" 
Saint Helen. 45 52·

1 
122 481881·6270 54·11 ·200610·61301 70 49 ·198610·57o8,0·6o44I 

Umatilla. 45 57 119 20. 1881 :76 70 10·2 :2038 ·6o10. 70 011 :20201 ·5554• ·5910· 
Rainier Station. 46 051 122 56

1
1886.so; . . . 19941 . . I • • 1978! . . I . . G. Davidson.J 

Point George. 46 II, 123 401830 9 169 16 8 . . . . I . . . . : . . . . D. Douglas. 
Astoria. 46 12· 123 so.r88r·6r 69 1y40·2079:0·586o; 6<) o8

1
·0·206oo·54040·5784 J. S. Lawson. 

·------------'-----'-' ___ ' ___ ' ----__ I__ I I I 

PENNSYLVANIA. 

l
-·NC-;~aar111Mb-e-er.-r•-cbe-1 ;-r.~-"b-u. -rg _____ 3_9_4_7_1 __ 77_5_6~:r_8_4_0·~-7-1 _4_7'_3!-o-·r_9_3_1i~:~179I ' I . I . · I A. D. Bache. 

" J •,, 39 55.

1 

77 4oi1842·2771 57'1 '1935! ·6248 . . I . . J. Locke. 

I Plziladelphia, Pa. Hos- 39 57 75 12;1895·7071 03·4 ·195ol ·6oo7 j 1 ! J.B. Baylor. 
Phila., Navy-Yard. 39 56 75 07;r86y82 . . I ·19131 . . 11 I '\V. Harkness. 

pita! grounds. I ; 1 70 470·1957,0·56140·5945 
Philadelphia, Girard 39 58. 75 1011890·83·l7r 20·3. ·1934, ·6o45·, · ·, ', · " 

College. [ · I 
York. 39 58 76 44·1874·53 71 54·5' ·1928! ·6209' 7•> 51 ·19481 ·5609 ·59391

1 

F. E. Hilgard & 

39 58
ji i ' ! I · W. Diehl. 

Yard. 75 23 1854·84.73 01·2, ·1787 ·6119
1 

. . . . . . . . J. E.Hilgard. 
NearBrownsville,John- 40 00

11 
79 481862·581

1
71 5ro,·_ ·1920

1
. ·6197170 50, ·1920

1 
·5523 ·5848 C.A.Schott. 

son's Tavern. 
Bristol. 40 o6: 74 52 1842·36172 25 : ·1866 ·6169 . . . i '. . J. Locke. 
Greenfield. 40 o6i 79 52 1874·62,71 58·9

1 
·1930

1 

·624d 71 os: ·1930
1 

·5647, ·5968 F. E. Hilgard & 

Bristol, Vanuxem. 
Cumberland. 
.1-Iarrisburg, 011 Foster 

Island. 
Doylestown. 
Reading. 
Duncan Islancl. 
Alleghany Summit. 
Pittsburg. 
Alleglie11y, Observa-

tory grounds. 
Armagh. 
Huntingdon. 
Altoona. 

Lewistown. 
Economy. 
Betlzle/1em, J.,ehigh Un­

iversity. 
Easton. 
Beaver. 

Bellefonte. 
Cunvcnsville. 
Bushkill. 
Mercer. 
Wilkesbarre. 
Williamsport. 

Berlin Tavern. 
Sharpsville. 

Milford. 
Silver Lake. 
Erie, Seventh street. 
Erie, Marine Hospital. 

I , 1
1 1 1 V..'. Diehl. 

40 07 74 53 1846·52

1

•72 22·3 ·18751 ·6193 · J. J.,ocke. 
40 13 16 501844·5 11 36·0 ·1971, ·6243! , . . I . . " 
40 16 76 53(895·72

1

71 4yol ·19o8:

1 

·6o83! 71 25, ·1912j ·5687i ·5999.

1 

J.B. Baylor . 

40 18 75 101841·6 72 23·1[ ·1931 ·6381! . . · . . A. D. Bache. 
40 19: 75 5511840·6172 32·2, ·18441 ·6145 · " 
40 25j 77 01.1840·6 72 35·01 ·1827, ·6104' 
40 27: 78 1011845·34 72 2n1 ·18q3 ·628o I J. Lo~~e. 
40 28' 8o 00 1845·34,72 46·7! ·1800. ·6282' . . 
40 28: 8o 01 1885·6572 09·{ ·1868: ·6096 71 38 ·1872~ ·5638• ·5942' J.B. Baylor. 

, 40 29
1 

79 04 1840·6172 18) ·1862
1 

·6128i . 'I 1 
A. D. Bache. 

1

40 301 78 02 1840·5 72 17'81 •1895 '6232, • I • • 

, 40 31 78 251874·54:

1

72 21·~7 ·1900: ·6270! 71 31.

1 

·19151 ·5729 ·6o41 F.~: ~~~i~~d & 

40 36 77 36 1840·5 72 30·0 ·1837- ·6109 . .. ,1. A. D. Bache. 
40 37 8o 1611840·6 172 35· ·18481 ·6174 . . " 
40 37

1 

75 23;1874·47j73 38·9. ·1770! ·6289: 72 35 ·1796 ·5725 ·6oo1 T. C. Hilgard. 

40 421 75 151!1841·5 172 39·01

1

' ·1900'1 ·6371i . . i . · 1 A. D. Bache. 

1

40 44!, 8o 191874·6172 31·5 ·1870! '6?.27!· 71 41 ·1875 ·5664; ·5¢6 F.E.Hilgard & 

I 
W. Diehl. 

40 55j 77 49 1841·6 72 42·31 ·1876 ·6310'

1 

· 1 A. D. Bache. 
40 571 78 361841·5 72 49"7 ·18441 ·6246 · 1· " 

41 07, 75 0011841·5 73 31·4 ·1783! ·6287 . 
41 14· So 161841·5172 5r2: ·18441 ·6290: . . . . . . . . , " 
4 I 141 75 58 1841 ·5 73 10·ol '1826' ·6306 . . · · · · i " 
41 rs_:, 77 0311874·55,72 47'51 ·1846

1
1 ·6240

1 
71 50' ·1864

1 

·5679 ·59.j9 F. E. Hilgard & 

I I 
I I W. Diehl. 

41 16i 79 36 1841 ·6 72 52·8 · 18561 ·6305 . . : . . I I A. D. Bache. 
41 171 8o 27,1874·59·72 50·7! ·18451 ·6255 72 oo ·185ol ·5694 ·5987' F. E. Hilgard 

! ! I & W. Diehl. 
41 19 74 521841·6 173 47'6· ·1738 ·6227; . . ' . . I . . . . A. D. Bache. 
41 57i 76 021841·64 . . ' ·1744 . . 'I .. I . . I . . . . " 
42 07·I 8o o61r862·6o'73 52·31 ·17311 ·6231 L 2 I • 1 ,,;:. . 8 '6oi 2 {C. A. Schott. 
42 09I 8o 0511885·70173 24·3!0·17621°'6170( 371° 7':f"lo 573 lo i J. B. Baylor. 

'---------------'----------'---
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Collection of the most recent magnetic dips and intensities observed in the United States and referred 
to the epoch 1900·0-Continued. 

RHODE ISLAND. 

I I I Hor. Total . . 'i; I 
l,ong. Dhte. J Dip 9, . force fo~ce I 919'><> I H1900 \'1900 

I II I r. ' 
!Name of station. 

I_ 
Lal. Obser.•er. 

! 
' R. H. Fauntle -
1 roy. 

Point Judith. 

Newport. 

Coasters Harbor Island. 
McSparran. 

':, ;,1-;,-;,/,"''°''~ 45'.,,:,:~,,,,i_O_ I: 

I 41 291 71 191835·51 • • ' '1741. 

41 30
1 

71 2°'1896·4672 42·3i ·1785/ ·6oo4. 72 320·1795io·57o6·0·5981 G~~·Putnam. 
41 30 71 27

1

1
1844·5s173 47'6; .. J .. i .. J . . / . . . . A. D. Bache & 

/ A. D. Bache & 
' E. H. Courte-

Spencer. 
I~·ovidence, station near 

Brown University. 
Beacon pole. 

, : T. ]. Lee. 
41 411 71 3011844·6 7S OTI/ . . 1 .. , . . .. , T. J. Lee. 
41 so 71 24 l89s·6472 s1·6.0·17760·6o27, 72 31:0·18621o·s9080·6195

1 
J.B. Baylor. 

42 00 .. 1 I I ! i ! i ' . 
1 71 271844·88l74 21·9

1 
. . 

/ 
. . . . . I .. I : . . . ~ '!'. J. Lee. 

----~--'----'-----------~ 

SOUTH CAIWLI~A. 
-·------------------·-·-------,-----...,----,.-·--;----------, 

I I I : I ! l I 
Graham, Hilton Head. 32 13 So 46 1870·31,63 28·1

1
0·26o4;o·s831 6.2 5. 1

1

·0·.255. 910·.4990 ... o·.560. 8· C. 0 .. ~Joutelle. 
Port Roval. 32 18 8o 38 l859·o864 ors . . . . . I 
Beaufort. 32 26 8o 4011875·27 . . '[ ·2576' . . ! ·2s38J . · " 
Edisto East Base. 32 33 8o 1311850·2664 04·1 ·2593 ·5929 I 1 G. Davidson. 
Cliarleston Harbor, 32 46 79 49 1895·42 63 59·0

1
· ·2s19: ·5742 63 s6 :25; 1 :SIJ2' ·5714 J. B. Baylor. 

Breach Inlet. I / i I I J 
Charleston. 32 47 79 56,1833·1 . . . ,

1 

·2730· . . . . . . . J. N. Nicollet. 
Allston. 33 22 79 1711853 ·99'65 29·5 ·2508

1 
·6o46 . . 1· . . I . . i . . C. 0. Boutelle. 

Aiken, near Court- 33 31 81 43 1885·97!65 01·8, ·2445 ·5792. 64 41 ·2431I ·5139. ·568s J.B. Baylor. 
House. I I I J 

Columbia, Capitol 34 oo 81 0218s4·1s1!66 07'7 ·2442 ·6o34/ .. I . . ., . . . . G. \V. Dean. 
Square. I I 

Marion. 34 09 79 20 1891·3565 4S·oi ·2357 ·5751 65 33/ ·23511 ·5170 ·5679, J.B. Baylor. 
Florence. 34 09 79 43 1891 ·3s1'6s s2·6 0·23s7 o·s767, 65 38,0·23si'o·s190'o·s698j' " 

-- ----------'--__.c.- I I I I I -------

• SOUTH DAKOTA. 

I i -·-1--· I I I I I 
Yankton. 42 53, 97 251896·3872 45·410·183410·6187172 410·1831Jo·5872/0·6152 R. L. Faris. 
Mitchell. 43 42! 98 0111896·38173 02·8 ·1830! ·627s 72 591 ·18271 ·s969

1 
·6243 " 

1
. 

Pierre. 44 22
1 

100 22 1896·3972 50·11 ·1843 ·6244· 72 46 ·1840 ·5932 '62101 " 

I_. A h~nlee_1_1. ______ 4_s_2_8_i _9_8_2-'9;_18_9_6_· 4_1_!7_4_09_· 1_0_·_17_2_s_
1
0_·6_3_2_7_1 _74_o_s_

1
0_·_17_2_6_:0_·6o_s_2_!0_·6_2_9_4 ___ : ; ___ _J 

TENNESSEE. 

·-C-h-at-ta_n_o_o_g-a.---- _3_s_o_1,--8-5-18-,-18_90_· 4-3-l6_s_54_·_0-:o-·2_4_1_9-lo-·s_9_2_4_I -6s_4_2_0-·2_4_0_7-,o--5-3-:;-1 !-o·-58_4_9_1 _J_. -B. B:yl~~ 

Grand Junction. 3S OS/ 89 1311881·69'66 00·4· ·2429! ·s973 65 42 ·2398 ·s310 ·s8261 " I 
Memphis, Marine Hos- 3S oS; 90 03,1890·38/6S 14·41 ·24s1/ ·s~S31 6S os ·2437! ·s247

1
I ·578s! " , 

pita!. J I I I 
Pulaski. 35 13' 87 03

1
1881·6466 o6•4' ·24211 ·5978j 65 4S ·2399 ·s32s ·5841 

Tullahoma. 35 221 86 13. 1881 ·59
1
66 25'5/ ·24051 ·6o12. 66 02 ·2383, ·536o~ ·58671 

Athens. 35 27, 84 37' 1881 ·54
1
66 11'7 ·2439 ·6043! 6s 44 ·24201 ·53681 ·s889 

Columbia. 3S 3i 87041881·63•67 07'SI ·2370·1 ·6097 66 4S ·2348· ·s46s; 'S949 
Jackson. 35 39, 88 51 1881·71 166 os·41 ·2431 ·59~' 65 45 ·24071 ·53431 ·s861 
Murfreesboro. 35 S3' 86 2s 1881·61166 S3'31 ·2386I ·00791

1

66 29. ·23641· ·s431i ·s924I 
Knoxville, grounds of 35 s8I 83 55 1890·44 66 59·7 ·2356 ·6o28 66 45 ·2347 ·54631 ·5946, 

University. I I I j · I · i 
Rutherford. 36 09. 89 or 1881·7267 r3 ·8: ·236o '60971 66 S4; ·2336J '5477' ·59s4· 
NaBhville, grounds of 36 09· 86 48,1888·00'67 03·9' ·23121 ·s932 66 48 ·2302 ·s370: ·s8441 " 

Vanderbilt Unh"y. I ! I I I J I 
Lebanon, North llase. 36 13: 86 18/ 1896: I 166 44 :31 ?:23571 ·5¢81 66 38 ·23531 ·s446! ·s932 f"· H. B~1chana11. 
Edgefield. 36 IS 86 461187 I 92 67 IO 7 . 206s . . I . . I . . . . I • • r. c. Htlgard. 
Caryville. 36 r9' 84 14 188r·53J67 55·71 ·22921 ·6ror 67 28

1 
·2271 ·5474; ·59271 ]. B. Da:i::lor. 

i Rogersville. 36 25 83 03,1873 ·63 68 26·2. ·22971

1 
·6250·

1 

67 47 ·2267 ·s5s2i ·59971 F. E. H1lgard & 

I 
I I I / I . J. M. Poole. 

~-Brist~~----- 36 36' 82 ui1890·45
1
67 48·so·2236(s921I 67 290·223oi°'s379

1
0·5824

1 
J. Il. Baylor. 
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Collection of the most recent magnetic dips and intensities observerl in tlie United StateH and referred 
to the epoch 1900·0-Coutinuetl. 

r--:mo "' """""· 
,---·-

I 
I Lat. 
I 
I 1-0 -

I 
Rio Grande, mouth. 25 57/ 
Ringgold Barracks. 26 23 
Pena. 27 l 9: 
Fort Mcintosh. 27 311 

I San Diego. · 27 45 
, Corpus Christi. 27 481 

Beeville. 28 231 
Cotulla. 28 27 
Port Lavaca. 28 37 
Eagle Pass, .Ft. Duncan. 28 44 
Jupiter. 28 551 
Columbia. 29 IO 
Spofford Junction. 29 -II 
Galveston, E. Base. 1 29 13[ 
Galveston. I 29 I.8 
Wharton. '. 29 181 

Dollar Point. I 29 261 
1 San Antonio magnetic I 29 271 

observatory. i 
San Antonio, Hillside , 29 29 

Ranch mag. obsy. I 
Houston. 29 42: 
Sabine Pass, Everett's · 29 44 

House. I 
I,angtry. . 29 48 
I,a Grange. ! 29 531 
Orange. : 30 03 
Liberty. 30 04[ 
Beaumont. 30 05 
Sanderson. 30 09' 
Austin, grounds of Uni- 30 Ii 

versity. J 

Mouth of canyon. 31 02 
Sierra Blanca. J 1 10' 
Pecos City. 31 26' 
San Elizario. 31 351 

El Paso, City Park. 31 46 
Boundary station about 31 4i 

3 miles N. W. of El / 
Paso. 

Frontera. 31 49' 
Colorado. 32 22/I 
Cisco. 32 23 
Longview. 32 29 
:\Iineola. 32 40

1 

Fort Worth. 32 451 
I 

IMt. Ellen. 
I Beaver. 
I Tamarac. 

Tushar. 
Milford. 
Mount Waas. 
Wasatch. 
Deseret, R. R. station. 

Scipio. 
Patmos Head. 
Sulphur. 
::\ephi. 

Mount Nebo. 

I 38 071 
38' 16 

38 241 
38 25 
38 25 
38 32! 
39 07\ 
39 18: 

39 24 
39 30 
39 41 
39 42 

" I 
39 481 

I 

TEXAS. 

' Hor. ; Tot.al I I 1 ·--i 
Long. Date. I Dip8. i-fo~~~:. f~~~~ 81000.,.:- v,900 

_::., ___ O_l>•_"_rv_e_r._. I 
0 I 0 I I 0 'I ! 
97 o811853:9 /52 23·61. . i . . . . . . W. H. Emory. 
98 43·1853 9 152 27 . . i • • • . . . " 
98 391·1890·o8

1
'55 03·3·0·30200·5273' 55 100·29780·428oo·5213 J. R. Baylor. 

99 31 11895·33,55 w·i ·3005; ·5262 55 14 ·2985 ·42991 ·5235 E. Smith. 
98 11 l890·oi55 37"31 ·3004 ·5320; 55 44 ·2g64 ·4351 ·5265 ]. B. Baylor. 
97 23 1890·0455 53·4' ·2983 ·5319_ 55 58 ·2943 •4358, ·5259 " 
97 41 r89Q·o6_56 44·8· '2938 ·5358 56 50 ·2898 ·4434: ·5298 
99 w 189Q·n)55 55·01 ·2979 ·5317

1 
56 oo ·2937 ·4354

1
· ·5252 

96 37 1890·16157 01·31 ·2941i ·5403 57 04 ·2905 ·4484 ·5343 
IOO 3o[r890·12i56 15"4. ·2962' ·5333/ 56 20 ·2920 •4384' ·5267 " 
95 21 1853 ·36;57 II ·4j ·3041: ·5614

1 
• • ! G. W. Dean. 

95 3511890·2757 54·71 ·2903i ·5464
1 

57 56 ·2871 ·4582: ·5408 J.B. Baylor. 
100 25 1890·14:56 59·6 ·2936 ·5389 57 04 ·2896 ·4471 ·5327\ " 
94 56 1853·21157 42·1 ·30081 ·5630' . . I . . . . : G. W. Dean. 
94 47 1895·43 58 o6·3 ·2885 ·5461! 58 07; ·2876 ·4624 ·5445' E. Smith. 
96 0411890·1957 53·211 ·2887, ·5431\ 57 55I' ·2854 ·4553 ·5374: J.B. Baylor. 
94 53_1878·42 58 21 ·5 ·2938 ·56o2, 58 24. ·2862 ·4653 ·5463/ " 
98 28/1892·3 57 40·2 ·2918 ·5457/ 57 42'. ·2889 ·4570. ·54o6· R. E. Halter & 

I 
' I J L. G. Shultz. 

98 321895·1 ,57 45"4 ·2914 ·54631 57 47· ·2896 ·45g61 ·54331 " 

95 20/1890·26;58 39·9/ ·286o ·5499j 58 41/ ·2830 ·4652! ·5445i J. B. Baylor. 
93 5211840·1 158 32·9i' . · 1 · . /; . . . . \ .. , J. D. Graham. 

: I I 
101 35.1890·1357 22·2, ·2921 ·5417 57 26

1 

·2881 ·45101 ·5352i J.B. Baylor. 
96 48,1890·23 58 23 ·8 ·2868 ·5473 58 25 ·2838 ·46161 ·54191 " 
93 43 1890·29 59 25·0· ·2822 ·554711 59 25 ·2795 ·4733 ·5498 " 
94 5oi1890·2859 14·6. ·2822 ·5517 1 59 15 ·2795 ·4698' ·5466 " 

1 94051890·2959 20·6 ·28231 ·5536 59 21 ·2796 ·4718 ·54841 " 
!02 26:1890·1357 22·7 ·29091 ·5396 57 2i ·2869 ·4495 ·5332' " 
97 4h895·3858 58·8 ·2833 ·5497 58 591 ·2816 ·4683 ·54651 E. Smith. 

105 37/1852 57 38 1 ·27841 ·5201
1 

• • I . . ! . . . . . W. H. Emory. 
!05 35

1
1888·9358 1]"31 ·2838 "5400) 58 19; ·2790 "4521 ·53131 J.B. Baylor. 

103 20 1888·94 58 44·0 ·2309 ·5413 58 45 ·2765'. ·45561 ·5330' " 
1o6 1611852 58 57 1 · . . . I . . I . . / W. H. Emory. 
lo6 29'1895·2959 03·0 ·28o1 ·5446 59 03 ·2781· ·4638 ·5408I E. Smith. 
lo6 3I'r892·33 58 5ro· ·2799 ·5427 58 57 ·2766

1 

·4594 ·5362, 0. B. French. 

1o6 33 1852 59 05 . . [ W. H. Emory. 
100 55;1888·95 6o 56·2 ·27w ·5578 6o 56 ·2677'. ·4816 ·5509' J. B. Baylor. 
98 501888·95 6o 55·5 ·2729 ·5617 6o 57 ·26961 ·4853 ·5553 " 
94 34,1872·29·61 5r6 ·2670 ·568o

1

. . . . / . . . . . ·r. c. m1gara. 
95 2011888·97161 42·7 ·2685 ·5665 61 40 ·2655 ·4924. ·55951· J. B. Baylor. 
97 20:1888·96 61 40·3;0·2692io·5673 61 39

1
0·2662r4934lo·56o5, __ ~-------

UTAH. 

no 49'.1891 ·63l66 4yolo·2342//0·5933166 42!0·2317~0·538010·58571 P.A. ""'.elker. -I 
u2 38 1885·73164 207[ ·2450 ·5658164 151 ·240]' ·49901 ·5541 G. F. Bird. 
II2 24

1
1r885·62,'64 40·4 ·2458' ·5746. 64 351 ·2415 ·5o82~ ·5626! G. F. Bird & G. 

: j · Lange. I 
II2 24;1885·6864 5.5"4 ·2440 "5755i 64 50 ·23971

1 

·5w2 ·5638/ " 
II3 oo 1885·75/64 38·3 ·2445 ·5708 64 331 ·2402. ·5048 ·5590 G. F. Bird. 
109 1411893·58165 57"4 ·2450 ·6o13~ 65 55 ·2434i ·5445! ·59651 R. L. Faris. 
III 271890·6565 49·3 ·2345 ·5725[ 65 45j ·2323, ·51561 ·56561 P.A. ~Velker. 
112 38,188473!65 34·8 ·24o6 ·58191 65 29, ·2370: ·51961 ·5711 W. Eim~eck & 

I i · G.F. Bird. 
112 1211884·67165 38·8 ·2387 ·5790 65 33 ·2351' ·51701 ·5679 " 
no 19 1890·81.66 13 ·2 ·2348 ·5823' 66 08 ·2326/ ·5258· ·57501 P.A. Welker. 
n3 46/1859 165 07 . . ; . . . . . . . / . . ]. H. Simpson. 
111 51

1
1883·85'66 26·2 ·2353 ·5887166 18 ·23151 ·52741 ·5758 W. Eim~eck & 
; I G. F. Bird. 

" 11884·58:66 04·6/ . . .. : 65 571 .. ; . . . . " 
111 46.;1s8rs7

1
66 16·0

1

0·23360·58o4
1
· 66 10

1
·0·2303'

1
0·5213

1
0·5699

1

_ W. Eimbeck & 
J. H. Turner. 
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Collection of the mosf, recent magnetic dips and intensities observed in the United States and referred 
to the epoch 1900·0-0ontiuued. 

UT AH-Continued. 

r-­
! Name of station. '" I •»"• '~.OT~= 1-lt;z r .. ;~ i "- I H,_ i v,_ F·-1 Observer. I 

I 

Simpson's Spring. 
Camp Floyd. 

Prov~, City. 

--i-·--··-· 1-------·- :--;---. - -i---·· 
o / o / )o / o 1[ / I 

40 02 ll2 47,I859 ,66 54 / . . I . . i • • f . . J. H. ?,impson. 
40 I3 II2 o8 I859 '66 29 ' . . . . ' . . . . 

I ' • 
4015 111401884756636·4 .. } ... {W.E1mbeck& 

" " II883·8666 41·0, ·2339[ ·59rrl 66 3110 2301·0 52950 5774 G. F. Bird. 

Deseret or .Mt. Guyot. 40 27 112 371892·6866 4s·o,I ·2297, ·5819166 41) ·228ol ·5289 ·576o P.A. Welker. 
Lake Shore. 40 40. II2 26188r79166 59·6) ·23091 ·5901 66 54, ·22811 ·5347 1 ·58I3 W. Eimheck & 

I I I I I / I J. H. Turner. 
Salt Lake City, Temple 40 461' II r 54/1887'86 67 03 ·4 ·23031 ·5906 66 57 ·2275, '5347. ·5810 " 

Block. I I 
1 

I ' [ 
Salt Lake City, Univ'y. ·40 46) III 54 1893·43 67 05·21 ·2291 ·58841 67 02[ ·228o! '53791 ·5835 R. L. Faris. 
Waddoup. 40 541 III 53 I892·43i67 15·81 ·22691 ·5Sn! 67 I2! ·2253/ ·536o ·58141 ". 
Schneider's Creek. 40 56, III 42 1858·9 67 IO • • f . • i . . I . . I . . I . . J. H. Snnpson. 
Antelope. 40 58[ II2 13 I892·75l67 40·8 ·2247/ ·5917 67 ;i,7 ·2231 ·54I8j ·5859 R. L. Fans. 

Ogden Observatory. 41 13 II2 oo 1886'7I,67 23'2 ·2264 ·5888/ 67 17; ·2234; ·53:,6 ·57851 R. A. Marr. 
Ogden Peak: 4I 121 III 531888·71/67 53·0[ ·2312

1

·6141167 47i ·22861 ·5598
1 

·6o47/ J.H.Turner. 

Promontory. 4I 18j I I2 25 I892·55j67 39·5[ ·2234 ·58771 67 36
1 

·2218 ·53821 ·5821 1 P.A. ~Velker. I 

I 

Corinne. 41 33I 112 o61881·3467 47'8J ·2242

1

·5934,67 38 ·2200
1 

·5346/ ·5781! W. E1mbeck &J 
I 

1 
I l I I R.A.Marr. 

Kelton. 141 45I 113 07 I88I ·34 67 49·7 0·2243 0·5944 67 400·2201 0·5358,0·5792 " 
·----··-- ·-··------·-·-c.._-···-· .. -· _! .. , 1. ·-···------··-'· ____ ! - -~ - . 1 ....... l. - ..... -- . ·-·-· 

VERMONT. 

I 
I I I I I I I ·-I -,--- I 

Bellows Falls. 43 09
1 

72 28 1876·58174 29·7
1
0·167510·62661 73 25i0·1726.0·5796jo·6o46I F. E. Hilgard. 

Rutland. 43· 36 72 551890·75·74 21·5 ·16381 ·ocq6 74 09[ ·1654/ ·5825 ·6o56 J. Il. Da,r.lor. 
White River junction. 43 40) 72 18

1

1876·59/75 or8) ·16o91 ·6270\ 74 03 ·166ol ·5&>.'l! ·6o41 F. E. Hilgard. 
Wells River. 1 44 09 72 05 1876·6o75 31·0

1 
·1585. ·6338

1 
74 261 ·1636 ·5872[ '6097 " 

Montpelier. 1 44 17) 72 36 1845·48175 i6·2, ·15811 ·6218. . . . . I . . I . . J. Locke. 
B11rli~1gto11, University I 44 28/ 73 12,1890·74·74 53.·51 ·16o4, ·6154[/ 74 49./ ·16o8

1 
·5926/ ·6141 J. TI.Baylor. 

station. . . 
Canaan Corner. 1 45 oo) 71 311845 76 23 5 . . .. i . . I . . ! • • i . . J. D.9.raham. 
Lake Memphremagog. 45 ooi 72 13 1845 76 o8·4I . · . . : · · · · ) · · f • • 

Derby. : 45 -~l..-~2-12/1s~·~i~5 ~-1~010~-1=~y·~~9I _ 74 46
1
0·15841°'5817lo·6o30! F. E. Hilgard. 

1 

r-·--·-· 
Hines, Va. and N. C. 

boundary. 
Dismal Swamp, bound­

ary stone. 
Knott Isd., north end. 
Danville. 

Marion College. 
Buffalo. 
Gosport Navy-Yard. 
Norfolk, near City Hall, 

mean of 2 stations. 
Mount Airy. 

Wytheville. 
Cape Henry L. H. 
Old Point Comfort L. H. 
Cape Charles. 
Christiansburg. 

I 
36 331 

36 331 
! 

36 34j 
36 371 

36 48/ 
36 48i 
36 49 
36 511 

I 
36 52/ 

36 55\ 
36 56/ 
37 oo' 
37 071 
37 I If 

I 

Burkeville. 37 131 
Petersburg, Roslyn. 37 141 
Wiltia111sb1wg, W. and 37 161 

M. College. i 
Scott. 3 7 20

1 

Wolftrap. 37 241 
Lynchburg. / 37 25 
Richmond, Fair Gr'nds. 37 341 

VIIWINIA. 

----

1

--·- · 1 .. -- T--. · ' I -: --~- -· . --1 
76 33 I887'IIi68 32·80·2186

1
0·5976168 0:;10·21860·54240·5848/ C.H. Sinclair. I 

76 23 1886·94j68 22·2 ·21921 ·59461 67 5) ·21921 ·5389 ·58171 " ! 
75 55 1873·30J68 52·5 ·21951 ·6o89I 67 591 ·2195 ·5428 ·58551 A. T.Mosman. ·1 
79 2°11873·56168 54·811 ·218o, ·6o59., 68 081 ·2178 ·5428 ·5848 F.J~M~i~~;~,& 
81 31.1881'50168 25·7 ·2234 ·6o77 67 52 ·2232 ·5488 ·5924 J. B. Baylor. 
8o 2911895·74168 07:3 ·2201

1 
·5906) 67 58 ·2199 ·5434 ·5861 A.H. Buchanan. 

76 17 1865·83·69 38 I ·2173 '62441/ W. Harkness. 
76 1711856·6<)169 29·0; ·2150/ ·6133. . . 

1

. C. A. Schott. 
I ; I I 

79 o6 1873 ·64168 54·71 ·2210! ·6142' 68 02i ·22oS ·5474 ·5903)· F. E. Hilgar<l & I : j : j I [ , J. M. Poole. 
81 0511881'48168 43·6j ·2204~ ·6o74[ 68 08/ ·21961 ·5471 ·5895 J.B. Baylor. 
76 oo;r895·45:68 48·7 ·2139• ·5918

1

68 43 ·2140 ·5493 ·5895 
76 181856·69:6<) 31·61 ·2148: ·6142 .. ' . . . · . C. A. Schott. 
75 5811856°6816<) 43·3I '2I31/ '6151 , , I 

8o 18
1
1873·6469 01·1j ·2175, ·6o74' 68 14 ·2163 ·5417 ·5833 F. E. Hilgard & 

I 
I 1 I 1 J. M. Poole. 

78 12_1873·56,69 20·4 1 ·2125' '6o231 68 28, ·.212.01 '5373 ·5776 " 
77 241852·61 69 17'31 ·2139 ·6o49: . . . G. \V. Dean. 
76 43j188r28!68 56·5 ·21ui' ·5874168 27/ ·2112) ·5348 ·5750 J.B. Baylor. 

75 54· 1856·68!70 01 ·5/ ·21o8
1 

·61691 . . I . · 1 · . . . C. A. Schott. 
76 1511871·37j6<) 46·8) ·2122 ·6137 68 441 ·~122 ·5451 ·5849 A. T. Mosman. 
79 091890·4668 57'6 ·2136 ·5951 68 38 ·2136 ·546o ·5863 J.B. n,,aylor. 
n 27-1891 ·99169 08·8!0·2u5 0·59421 68 5o'o·2n5 0·5463,0·5857 
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Collection of the 111ost recent magnetic d·ips and intensities observed in the United States and referred 
· to the epoch 1900·0-Continued. 

VIRGINIA-Continued. 

]_ Nam·e-of·s-ta-t-io_t_i. __ ·--Lal-.--j1-,o-n_g ____ D_a_t-e.-·-D-i1->8-, -~H-o~-~-~-i-'f-o"r-~:-~-,--81-900-~l-H-,900-.,..-\-'1000--,-l-F-·,-ooo-c--·---O-h-serv~:. 
·- -0-,\~o -~ ---o-,-- ~--1-J·. __ o_-,-i - --'. . 

Natural Bridge. 

Joynes. 
Tangier. 
Covington. 
Snead. 
Charlottesville. 
Staunton. 

Fredericks bur~. 
Clark Mountam. 
Harrisonburg. 

Culpeper. 
Woodville. 
Mount Vernon. 
Bull Run. 

I ~each Grove. 
Ltrasburg. 

a:uver. 
wer Cascades. 
wer Cascades, rapids 

of Colorado River. 
Dalles. 
Near Old Fort Walla­

walla. 
Wal!awalla. 
Wallula, north of Old 

Fort Wallawalla. 
Dry Creek. 
Ainsworth. 
Cape Disappointment, 

beach station. 
Pomeroy. 
Tukannon River. 
Sixty Mile Well. 
Cow Creek. 
Olympia, Howard. 
Nisqually. 
Lugenbeel Creek. 
Tacoma. 
S_prague. 
Seattle. 
Spokane Falls. 
Peon's Prairie. 
Spokane Ferry. 
Chemikane. 
Port Discovery. 
Okinakane. 
Port Townsend, Marine 

Hospital grounds. 
Neealz Bay, near Waadah 

Island. 
Colville Depot. 
Shaw Island, San Juan. 
Fort Colville. 
Birch Bay. 
Point Roberts. 
Semiahmoo. 
Skagit. 
Camp Osogous. 

37 35

1

1 79 22 1873·65169 42·9L·21220·6r21 68 53'0·2122lo·5495,0·5891 1 F. E. Hilgard & 
I I , I 1 1 I J. M. Poole. 

37 42 75 37 1856·6870 21·21 ·2o69 ·6155 . . . . ' .. I . . C. A. Schott. 
37 48: 75591871·46:70 11·6; ·2090, ·6167 69 09, ·2090j ·5487; ·5871 A. T. Mosman. 
37 48 8o 00

1

1881:4569 33:5i ·2128; :6093 68 531 ·2128I ·5511 ·5908' J~ B. Baylor. 
37 58 75 26,1856 6770 31 o, ·2051 6151 . . . . . , . . C. A. Schott. 
38 02' 78 29'188]"2669 45 'i ·2079 ·6oo7i 69 161 ·2079

1 
·5493 ·58721· C. H. Sinclair. 

38 091

1 

79 04·11873·6669 54·1 ·2070: ·6o24, 69 02! ·2070· ·5403'1 ·.578

0

5

1 

F. E. Ililgard& 
I I i ! J. 1\1. Poole. 

38 18: 77 27,r856:7rl70 37:9 ·2051 ·6r88 . . I : · I . 1 C. A. Schott. 
38 19· 78 00·

1

1871 66 71 40 2 ·2024 . · 1 . . 2024 . . I . . I C. 0. Boutelle. 
38 25, 78 52 1873 '6]'

1

1
70 28·9 ·2046 ·6124 69 36, ·2046: ·5502!

1 
·5870: F. E. Hilgard & 

I 1 i I ! J. M. Poole. 
38 28 78001873·53170 42·0 ·2071 ·6266 69 49' ·2071' ·5634 ·6oo3 " 
38 35~ 78 o61892·03,70 rr61 ·2r52 ·6351 69 SJ! ·2152: ·5875 ·6256~ J. H. Turner. 
38 42! 77 05 1844·28:70 55·5 ·2029 ·6211 · . ! • • • ; J. J,ocke. 
38 531 77 42 1871·82

1
71 18·9

1 
·1998, ·6237 70 22'I ·20001' ·56o5_ ·5953 C. O. Boutelle. 

38 55! 77 14 1869·86 71 05·01 ·2000· ·6169
1 

• • ·2000, . I 
39 001 78 22 18]3'53i70 56·y·20170·61761 70 03!0·2017(555710·5912 FlM~i~~~~-& 

45 371 
45 39: 
45 40 

45 40 
46 03 

46 04 
46 07 

46 09 
46 14 
46 17 

46 31 
46 32 
46 49 
46 53 
47 03 
47 07 
47 09 
47 r6 
47 19 
47 36 
47 40 
47 44 
47 49J 
48 oo· 
48 02

1
1· 

48 05 

48 0711 

48 23 

48 34 

48 351 48 40 
48 53 
48 59, 
48 59! 
49 001 

49 001 

WASHINGTON. 

I ! I I I I I --
122 4011895·17,69 17'0

1

0·20910·5911: 69 16

1

0·20850·5508'0·5890, J. 1; Gilbert. 
122 oo 1881 ·81: . . ·2073 , . ·2050 . . . . J. S. Lawson. 
r2r 50 1830 69 27 ·2048 ·5837 . . . . . . . D. Douglas. 

I 
120 49 186o·42 70 04·5: ·2043 ·5995: R. W. Haig. 
r r8 50 1830·5 70 14 ·2005 ·5934

1

1 Ii i . D. Douglas. 

118 21 188]'7270 41·2 ·1984 ·5998 70 35 ·1969 ·5586' ·5922' E. Smith. 
r r8 55 1881 ·75?0 24·9 ·2025 ·6o39, 70 r6 ·2003 ·5585 ·5932'. J. S. Lawson. 

u8 r8 1861 l10 49 ·1978 ·6o20: . . I J J. S. Harris. 
u9 03 1881 ·64170 37·8 ·1997 ·6o23 70 30 ·r975i '5577 ·59161 J. S. Lawson. 
124 03 1895·1569 16·5 ·2o64 ·5833'169 r6

1 

·2059' ·5440 ·5817 J. J. Gilbert. 

I 17 40 1881 ·72 70 20·2, ·2032 ·6o37 70 11( ·2010
1 

·5578 ·59291 J. S. Laws.on. 
u8 oo 1861 ;70 23 ·2020 ·6o17I . . I . . I . . I . . 1 J. S. Hams. 
II8 50 1881 ·6570 44 ·8 · 1992 ·6o42, 70 36 · 1970 ·5595; ·5932' J. S. Lawson. 
rr8 101861 !71 57? ·1984: .. i .. I . i J. S. Harris. 
122 531894·9570 26·4 ·1976: ·5902; 70 25 ·1971 ·5540_ ·588o J.J.Gilbert. 
122 38 1859·08 70 40·0 ·20021 ·6o48 . . i . . . i R. W. Haig. 
u8 o6 r86r l1r 20 · 1950 ·60931 . . . . I . . . . J. S. Harris. 
122 27 1895·1270 42·6 ·1958, ·5927 70 41 ·1954 ·5574 ·5qo8i J. J. Gilbert. 
u8 ror88r·65'71 05·8 ·rqS2I ·6119 70 57 ·1¢4 ·5687 ·6o171 J.S.Lawson. 
122 20 1895·12'70 50·3 ·19321 ·5886170 49 ·1928 ·5541 ·5867i J. J. Gilbert. 
rr7 261881·6672 13·3 ·1923, ·6298 72 04 ·1905 ·5887 ·6187! J.S.Law~n. 
117 1411861 i12 07 I ·r890i ·6155, .... 

1 

J.S.Harns. 
II7 49 r86r ;71 53 ·1900 ·6130' . I " 
II7 4511861·3872 04·2 •· 189. 4

1 
.·615. 21 .. . . I R. W. Haig. 

122 50
1
1792·4 :74 30 G. Vancouver. 

II9 27 11833·3 71 45 ·186o "5939; . I D. Douglas. 
122 4511r894·8y1 14·8 ·1847 ·5745: 71 14 :18MI ·5428 ·5732 J.J. Gilbert. 

124 38 1881 ·78_71 04·4 · 19u :5

6

8

10

93

1

1 7.1 •o. l .·189. 7

1 

.·55.r4I .·583. 2 H. E. Nichols. 

II7 52'1r86r 72 31 ·1833: J. S. Harris. 
122 5811895·66 71 27'5 ·1894; ·5956

1

71 26
1
0·1892

1
0·5633·0·5942 F. A. Young. 

118 05,1861·2772 41·9 ·1841

1

' ·6177 . . . . . . I • • R. W. Haig. 
122 45 1792 73 13 . . . . . . . . . . . . G. Vancouver. 
123 orl1858·2 l'7r 42·6 ·1896, ·6o42; . . . . . . . . J. S. Harris. 
!22 46 1858 72 rs . . I . . I G. H. Richards. 
121 03,r86o 72 39 ,

1

0.·18.13

1

0.·6o8o .. 

1 

J. S. Harris. 
II9 24 r86r 72 35 " 

I 
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Collection of the most recent magnetic dip.~ and -intensities observed -in the United States and rq/im·ed 
tu tlte epoch 1.<JOO·O-Continued. 

WEST VIJWINIA. 

II -- ! 
1 I Hor. I Total I I ; I 

Nnmc of sltltiou. I l~~t. I J,oni:;. Datt". : Dip o. force force 0,900 . ll1900 I; \'1900 ' F1900 

I __ J ___ 1·------1-__ 1 --·-! ~I._I F. I 1-----
Observ:~:·--1 

0 / 01. lo 'I I lo1 

Alderson. 37 451 8o 40
1
1881·44,69 25·90·215710·61411 68 50/0·215oJ0·5553

1

0·5954 J.B. Baylor. 
Charleston. 38 21 81 381'1881·4369 57'2j ·21101 ·6157 69 21. ·2104, ·5582 ·5966J " 
Parkersburg. 39 161 Sr 34

1
1881 ·42170 58·6, ·2030 ·62271 70 22 ·2026 ·5678, ·6o30· " 

Clarksburg. 39 17 8o 201188o·94l70 44·81 ·2035j ·6171 70 d ·2032 ·56181 ·59741 " 
:\Iartinsburg. 39 271 i7 5TI873·52 71 25·1, ·1951: ·61231 70 27

1 
·19501 ·5490 ·5826 F. E. Hilgard & 

Wheeling, south end of 40 03· 80 44,1881 '40;71 54 ·5 0·1940,0·6248 7r 1 i.019400·5725
1
0·6o46 J.B. Baylor . 

I 
I 
! 
l 

I 

I I I I ! I · I I J. M. Poole. 

.Zane Island. i · [ I I j I J ' / 

------ -· ----·-------- ------ -- _J 

Platteville. 
Mineral Point. 

" 
Hickok. 

WISCOXSIN. 

42 43f- ;;: ~ii, 184-~-:73 I 7'4; . . I • • I 
42 501 89 54,1839·8473 20·60·18230·6358 
42 50 89 5411841 ·7 In 23 ·21 . . i . . 

E. Loomis. 
J. Locke. 
E. Loomis. 

42 58[ 90 00 1841 ·7 173 39·51 
43 01 1 89 5111841·1 173 34·9 ... 1 • • I " 
43 01 89 5111839·82 73 41 I ·1792 ·6381 . . I • . • . . . J: Locke .. 

. Campbell. 43 01[ 89 40
1
1841 '7 173 28· 1 I . . I . . · . . . . . . I E. Loo1111s. 

Blue Mounds. 

1 Prairie du Chien. 43 03
1
• 91 o6

1

1839·81l73 16·6[ ·18391 ·6395
1 

• • I . . I . . 1 
• • J. Locke. 

' Milwaukee. I 43 04, 87 53 1888·65 73 48·01 · 1765
1 

·6327
1 

73 290· 1763 0·594410·6200 J.B. Baylor. 
Madison, Farm Station. 43 041 89 25 1888·66173 34·4 ·1786 ·6,'\16 73 16! ·17831 ·59291 ·61921 

" j 
Madison, Magnetic Ob- 43 041 89 24 188o·71 73 49·51 ·17981 ·64551 73 19

1

1 ·1791I ·59761 ·6239: D. Mason. j 
servatory, University. J I I I 1 

La Crosse. 43 49) 91 151877'7373 48·7! ·17891 ·6.p7' 73 15 ·1781 ·5918 ·618o: A. Braid. I 
Green Day. 44 30 87 59/1891·6o~74 47'6I ·1654 ·63061 74 34 ·16541.·59911 ·62141 J.B. Baylor. 
Prentice. 45 32J 90281891·6175 03·8, ·16o7I ·6235 74 sol ·16o71 ·59281 ·6142 " I 
Superi.or City. 46 40! 92 041188o·64[76 26·1 ·1504 ·6.po, 75 550·15040·59940·618ol " 
La P01nte. 46 47I 90 58J1843·55•76 56 110·14780·6538 . . I . . I . . I . . I' J. Locke. _J 

I ' I I I I 
-·--·----- ----- ·--- -·-----· ---------·------------------

WYO:llllNG. 
-- -- ---- ,_, - ·1 

I 
I I I I I I I I . 

Sherman. 41 08 105 241872·6ol68 53·3
1
0·2193 10·6o91 68 400·21380·54740·5878 W. Suess. I 

Cheyenne, mean of 2 41 08' 104 49'1878·6668 58·2 ·2184. ·6o86 68 45j ·2147 ·55211· ·5924 T. E. Thorpe & 
1
. 

stations. I I : I ! I 
1
. I J. B. Baylor. 

Fort Bridger. 41 20 110 24,1858·9 68 05 I .. · . . . . . . . . . I J. H. Simpson. ., 
GreenRiver,meanof2 41 32[ 109 291878·70,68 18·8

1 
·22181

1 
·6oo2 68 oSI ·2168

1 
·5403

1 

·5821 1 T. E.'l'horpe & 
stations. I I I J. n. Baylor. 

Fort Steele. , 41 47 ro6 57,1878·7469 00·21 ·.217.ol ·6o59 68 47I ·2130· ·5487
1
. ·58~6 J.B. Baylor. 

Fort Laramie. i 42 121 w4 31 1858·7 70 03 J . . . . 

1

. . . . . J. H. Simpson. 
Little '.Jandy Creek. 42 15' 109 40 1858:8 [69 oo . . I . · · · ! · · · · I · · [ :: 
Sweetwater River. · 42 30~ ro8 3511858 8 69 35 I . . · · · · · · · · · · · , 
La Bonte River. 42 35i w5 22

1
1858·8 l70 15 : I 1 I " 

Sweetwater River. 42 381 107 25
1
1858·8 169 53 I · · 1 

• • • • ' • • ' • • , • • I 
Greasewood Creek. 42 40 107 07 1858·8 70 or I . . I . . • • ' . • r . . I • • " 

West of Deer Creek. i 42 531 105 5711858·8 J10 29 . . . · · · J · · · · J · · " 

Yellowstone Lake near 44 33 110 24 1892·46 72 1r4: · 18551 ·609<'l1 72 12 · 1848

1 

·5756 ·6o45 1 G. R. Putnam. 
outlet. · I / I I 1 i I I 

:\'lile Post 42. ; 45 ool 110 12 1882·62 71 rrs1 ·19841 ·61861 71 05 ·19631 ·5728, ·6o55, B. A. Colonna. 1 
Northeast Corner of I 45 oo 104031882·43

1

72 41·0
1 

·1889I ·63451 72 241
1 

·1871, ·58g8 ·61891I " 1 

.Wyon~ing. . . , I I I i 
L1ttlcM1ssounR1v.Sta .. 

1
· 45 ool 104 25 1882·4772 43·71 ·19011 ·6404 72 271 ·18831 ·5954 ·6245I " _j 

:\'lile Posts 283, 284. . 45 oo, 105 201882·5172 14·01 ·19401 ·6357171 58
1 

·1920 ·58981 ·6202 
Mile Post 185. ! 45 OOj 107 21 1882·53l72 10·40·193610·6322 71 54'0·1916'0·5861

1
0·6168

1 

I ' ' I I I I ' 
·-- -- --·- -- - -------···---- -·-----·-·--- ---- -- .. - --- --· ----------

Barbados, Brid~etown. ! 
Antigua, Fort 111 Eng-1· 

lish Harbor. 
Antigua. 

' Alta Vela. , 

13 04/ 
17 03 

17 oSI 
17 28, 

WEST INDIA ISLANDS. 
-- - ·-

' E. D. Preston. 
E. Home. 

E. Barnett. 
E. Home. 



190 UNITED STATES COAST AND GEODETIC SURVEY. 

Colltction of the most recent magnetic dips and intensities observed in the Uniterl States and referred 
to the epoch 1900·0-Continned. 

Name of station. 

Kingston. 
Anguilla Island. 
Saint Thomas. 
Porto Rico, San Juan. 

Cayman Isd. 
Pt. Plata, San Domingo. 
Baracoa, Cuba. 
CapeSanAntonio,Cuha. 
Bahia Honda, Cuba. 1 

Matanzas, Cuba. [ 
Habana, College de 

Belen. 
Habana. 
Water Cay. 
Nassau, New Provi­

dence I.sd. 
South Bemini. 

Panama. 
Chagres, Castle of San 

Lorenzo. 
Nicaragua or Rivas. 
Nicaragua, Point Arenas. 
Realejo, Nicaragua. ; 
LaUnion,SanSalvador. ! 
Acajutla, San Salvador. 
Port Escondido. I 
Salina Cruz, Tehuante- I 

pee. 1 

Acapulco, near Fort San 
Diego. 

Belize,Rritish Honduras. 
Coatzacoalcos, Mexico. 

1 
I 

Clarion Island, Lower 1 

Cal. 
Laguna de Tenninos, 

Gulf of Campeche. 
Socorro Island. 
Cocolopam, Orizaba. 

WEST INDIA ISLANDS-Continued. 

Lat. \ 

[I J, ·- l Hor. i Total I' . -I -1- --· ·- --·- --1 

l.ong. Dale. Dip 9. force I force 9,900 H1900 v,900 F190<> Observer. 

0 I 1-I:- ~1~1_":_1 ° , I -\I-·__ I o I 

17 56 
18 14 
18 20 
18 291 

76 51;185r16i46 32 [0·33w10·4812: K. Friesach. I 
63 05'1846 !so 15 · i · E. Barnett. I 
64 ss.1865·8]'49 38 ·3116

1 
·4811 : W. Harkness. 1 

66 o811852 50 15 I . . I . . II . . . . . .

1

1 . . N~~';.egian ofli-

19 141· 
19 49 
20 221· 
21 55 
22 581 
23 03 
23 o81 

81 0511822 48 48 . . I . . • . . . ! . . . . , E. Sabine. 
70 41 1889·9 49 50 ·3074, ·4766

1

. . . . I . . . . I Officer, U.S. N. 
74 291831 50 07 [ . . • , I - Foster. 
84 55 11879·27 50 14·9 ·32441 ·5072 50 l50:31Soo:38~3 110:49.j3 S. M. Acklev. 
83 12)879·2452 18·4! ·3162 ·5171, 52 18 ·31001 ·4012, ·5070[ " . 
81 3tl1879·1852 23·4! ·3146. ·s1ss1 s2 21 ·3o84; ·3998! ·5049 ··-
82 21

1

1886:9952 13·3· ·31231 ·5098152 12 ·3o83! ·3975

1

. ·5030 B. \·1t1es. 

82 20
1
1889 1 52 IO • • I . . 52 09 . . . . . . I - Aubrey. 

8o 21 1879·1653 41·6 ·3109. ·5250
1 

53 38 ·3059· ·4154! '5159. S. M. Ackley. 
77 201879·14 55 50·5 ·2998~ ·5340 55 40 ·296o· ·4334· ·5248 

i 

I 
I 

23 09: 

23 591 25 05 

25 421 
' ' I I I I I I 

79 18'1879·1556 20·3'0·2973 10·5364 56 o80·29360·43750·5269· 
_____ l ____ j ___ .-1 _l __ I__ I _ _j _____ _J ___ _ - -- _ __j 

~EXICO AND CENTRAL A::'llERICA. 

-;~~!~-~~ 1866~~1~:-56 10·3511
1
0·41371 

9 20 So 01 1834·71132 30 ·3481! ·41591 

IO 5611 83 42 1839 34 43 • • i • • 
1 

IO 58 83 43 1834·69 34 05 ·34861 ·4306 
12 28 81 08 1838 134 36·9 . . . . 1 

13 17 87 46 188o•8438 23·9 ·3358 ·4285: 

\V. Harkness. 
E. Home. 

E. Barnett. 
E. Home. 
E. Belcher. 
H. E. Nichols. 

13 34 89 51 1.88o:8537 49:71 :3457 :4377! . . . . . . . . 
16 04 ¢ 57 l88o 88:39 13 2 346ol 44661 . . . . . . . . 
16 JOI 95 12 1889·2140 02 ·3426 ·4475 . . . . . . . . U. S. Naval offi-

16 5d 99 5+892·88,40 25 1 ·34621 ·4547140 45\0·3405:0·2934

1

0·4495! L.c-:!~ttez. 
17 29! 88 12 1879·29143 32·3

1 

·3424; ·47231 . . I . . · . . 1 S. M. Ackley. 
18 o8·

1 
94 2611889·14!43 03 . ·336o•I' ·4598 43 25 ·33o6

1 

·3125! '4547:. U.S. Naval offi-
i I . I i ; . cer. 

18 2of 114 42 l88o·77i39 34 : ·3392 ·4401 40 22; . . 
1 

. . I . . I H. E. Nichols. 

18 38J 93 ool188o·17l44 18·3 ·3390' ·4738\ 44 54\ ·33IO' ·3298: ·4673 S. M. Ackley. 

18 431 1 IO 54l188o·77!41 187 ·34641 ·4612[ 42 03! ! . . I I H. E. Nichols. 

Potrero .. 
San Andres, Puebla. 
Manzanilla. 
Tlamacas. 

Vera Cruz. 
Vera Cruz. 

18 53 97 04'11856·65142 51 \ '3495'

1 

·4767 . . ! · A. Sonntag and 

I 
: v. Mueller. 

1s s6 ¢ 4811856·62:42 s1 ·3492 ·47631 . . ·i' I 

I 
1
1
•
9
8 

0
5
3
91

1 

97 15 1ss6·11l42 38 ·34991 ·41s6, . . I . . ! . . " 
104 20 188o·91 43 15·8 ·33751 ·4634 43 58; ·3246! ·3130· ·4509·

1 
H. E. Nichols. 

19 03 98 39 185]"07 42 34 ·3491 ·474oi. . . .
1 

. . I . . j • • A. Sonntag and 

I 
I 

I
, ! , v. Mueller. 

19 12
1 

96 o8 188o· II 44 04 ·6 ·340.'3. ·4744 44 42 ·3307 ·3273: ·4653 S. ~· '\ckley. 

Mirador. 

Chalco. 
Tacubaya, Mexico. 

Campeche, Yucatan. 
Cozumel. 
Mugeres Island. 
Progresso, Yucatan. 
San Blas, Mex. 
Contoy Island. 
Arenas Cay. 
Perez. Island. 

19 12i 96 o8 1888·97 44 20 . · 1 · . I 44 41

1 

. . . . . I . . I U. S. Naval offi-
, I =& 

I 19 131 ¢ 37 1856·77143 50 ·3468 ·48o8i . . . . . 'I . . . A. Sonntag and 
I I '. 1 i v. Mueller. 

19 18 98 51!185ro1•43 12 ·3477 ·4770
1 

. . ! · I " 
19 26 99 0711895·3144 23·5 ·3344 ·4681144 33; :33~01 

:3268 :46s9 M. Morena y 

19 50 90 33·188o·1946 20·7 ·33331 ·4832\ 46 so; ·325) ·3469\ ·4757! S. ~~'.~~kley. 
20 33 86 57,1879·31•48 o6·5 ·3309 1 ·4955 48 27j ·32611 ·3679 ·4916, " 
21 15 86 46,1879·32149 32·9 ·3257 ·5019. 49 52; ·3209, ·38o6 ·4979 " 
21 17 89 40188o·2048 52·3 ·3269 ·4970 49 12' ·3204i ·3712 ·4903~ " 
21 32 105 18!188o·93146 20·8 ·3321 ·4811 46 59

1

: ·31941 ·3423 ·4682 I:. E. Nichols. 
21 32 86 49 1838 49 48 . . . . I . . . . . E. Barnett. 
22 07 91 25 188o·o849 35·8 ·3275

1 
·5053 49 56 ·3198

1 
·38o3 ·4968 S. M. Ackley. 

22 24 89 42 l88o·o6.so 09·7,0·3253 0·5078, so 300·3182 0·386o,0·5003I " 



HEPOHT FOR 1897-PAR'l' II. APPENDlX NO. 1. 191 

Collection of the mo.~t recent 11uignctic dips aiid intensitt'.es ob8ervcd -in the United States and referred 
to the epoch 1900·0-Continued. 

MEXICO AND CENTRAL A~lERICA-Continuo<l. 

Natne of station. Lat. I 
I 

o I 

Cape San Lucas, Lower i 
Cal. · 

22 54
1 

San Jose de! Cabo. 
Mazatlan. 
La Paz, El Mogote. 
Pichilinque Bay. 
Maxdalma BaJ1• 

Isle San Josef. 
Loreto. 

! Pequciia Bay. 
Santa Barbara Bay. 
Point Abreojos. 

" 
Mulege. 
Asu11cio11 Island. 

23 04 
23 II 
24 IO 

. 24 15 

I 24 38, 
24 ss1 I 26 OJ 

I 
26 16! 
26 411' 
26 47 
26 471 
26 541 
27 o6, 
27 o6' 

Santa Rosalia. 27 20
1 

Santa Maria Cove. I 27 d 
San Bartolome Bay. i 27 391 

Guaymas, Mex. 27 551 
Cerros Island, SE. Bay. j 28 03 
Cen·os Isla11d, Morro{' 28 04 

Rodondo Bay. J 28 041 
Lagoon Head. i 28 15 
San Benito Island. 28 18( 
Santa Teresa Bay. 28 25/ 
Rosalia Bay. 28 40 
Guadalupe Island. 28 ssl 
Playa Maria. 28 56 
Tiburon Island. 29 111 
Presidio del Norte Rio I 29 34 

Grande. , 
i San Geronimo Island. 29 47j 
. " 29 47 

San J.,uis Go1m1les. 29 5 zl 
San Quentin. 30 22 
San Martin Island. 30 29i 

30 29 
Cape Colnet. 30 581 
Pomt San Felipe. 31 021 
Rocky Point, Mexico. 31 17. 
Espia. 31 211 
SantoTomas,anch'rage .. 31 331· 
Philipps Pt., Mexico.. j 31 46 
El Paso del Norte, Ini- 1 31 471 

tial Point. i / 
Todos Santos. . 31 51 
Los Coronados Islands. I 32 25/ 

-·--· --·-----------

\ 

I i Hor. I Total / I ' I I 
Long. Date. I Dip 8.1 force I foi:ce I 8,900 lI.900 I v,900 l-'<ooo J Observer. 

H. I r-. I I I 
--0 --,T--1-0 -,-!-!---:--~ ,--:-·-·-i--: -----,----
!09 551

1

1881 ·14

1

47 23 ·2 0·32750·4837
1 

48 0110·3121 '0·34680·46661 H. E. Nichols. 
I I . I : I I 

I09 411873·1547 25·2) ·3231/ ·47751 48 19 .. I .. J . . W. Eimbeck. 
lo6 27 1S8l'I r/48 15·8 ·3250 ·4882J 48 52! ·31271 ·358o ·4753 H. E. Nichols. 
1IO 211138no149 !0·11 ·32381 ·49521 49 48j ·3o85I ·36511 ·478oJ " 
IIO 20

1
1881·0949 4S·s1 ·3175 ·49r9. 50 26 ·3025· ·36611 ·4749 

r 12 091881 ·14!48 18·71 ·3243 ·48751 48 531 ·30931 ·35491 47u/ 
I IO 37/1881 ·0949 38·5 ·3153 ·48691 50 !OJ ·30041 ·3001 •46891 
Ill 201881•08'51 00'8J ·3130 ·4976 51 29 ·2982 ·3746, •4789. 
u2 28J188ns1s1 48·1 ·3o84· ·4gS8l 52 161 ·29391 ·37981 ·48o3: 
109 3S·l18&:r97152 21 ·2! ·3w5I ·5o84/ 52 461 ·2958/ ·3892/ ·4889

1 

113 32 ls90:o41s1 5"· l?y 99r5181i 52 os: : . ! 
1 
.. ! c. F. Pond. 

113 32i1881 17/51 47 7 3ogol 4999I . . I 2945j . . , . . . H. E. Nichols. 
III 58·1881·o6;52 05·5

1 
'3!01 ·5047, 52 30 ·2954 ·3849 •48531 

114 1811889·9251 53 ?·3209?·5199152 061 .. I i .• IC. F. Pond. 
114 1Si1881'I8151 43·4/ ·30941 '4994. . . / ·29491 , . . I H. E. Nichols. 
112 l81892·85j52 40 : ·31361 ·51711 52 49 ·3o8o ·4o6o ·5096, I,. Mottez. 
112 19/1881~552 56·8/ •3o8oj ·5112 53 211 ·2934/ ·3944

1 
·4916 H.E.Nichols. 

II4 5n888·39152 58·0?·3164?·5254J 53 13 · .. IC. F. Pond. 
110 53l188o·99.52 58·0J ·30521 ·5o681 53 19[ ·2907[ ·39021. ·4865

1
1 

H. E. Nichols. 
115 13

1

:1888·23153 03'!?·3121/?·5193" 53 IS' ... C. F. Pond. 
115 121888:42j52 54:71?:3156,?:s234l 53 os: . I •• I . ". . 
1r5 r2

1
1881 19

1
52 55 o 30451 5049 . . I ·2902, . . H. E. Nichols. 

II4 o6 1888·04,54 00·7/? ·3193l? ·54341 54 13· . . I C. F. Pond. 
IIS 35/1889· w•52 49·4·? ·32791? ·5426! 53 021 · 
l 12 52,1881 ·05153 49·0! ·30301 ·51321 54 o81 ·z886: ·3992

1
. :49~6'. H. E. Nichols. 

II4 14 1888·23156 or2·? ·2954'? ·5300! 56 19 1 . . I C. F. Pond. 
u8 15188n1!53 38·91 ·29611 ·4995i 53 sSJ ·2822 ·388o1 ·4797 H. E. Nichols. 
I 14 32

1
1889·33155 I0'9,? ·3024i? ·5296,· 55 22

1 
1 . . . . . I C. F. Pond. 

1!2 27 1881·0054 59·2 ·2g86 ·52051 55 18 ·2844: ·4w7! ·49961 H. E. Nichols. 
104 2511852 1ss 41 1 . . I . . I . . I • • I 1 i w. H. Emory. 

I ' , r 

IIS 481888·44
1
54 52·2? ·3091!? ·5372J 55 02! . . I C. F. Pond. 

IIS 48,1881·23154 30·0! ·2965j ·5I061 . . I ·2826; . . I . . i H. E. Nichols. 
Il4 251881·0455 !1'31 ·2¢2· ·5189 55 23 ·2821 ·4o87, ·4¢6. " 
lIS 5811839 154 29·9 ·29821 ·52611 . . I 1 .. , E. Belcher. 
II6 07 1888'45[55 21·0(3084(5425 55 291 

; • • ! . . C. F. Pond, 
l!6 07·18~11·2455 34·4 ·2940 ·5201! . . I :2~2 1 . . H. E. Nichols. 
u6 17/1889·40156 2r2?·3045:?·551oj 56 321 .. i . . I . . I C. F. Pond. 
114 5011881·031·56 25·2

1
· ·2892/ ·5229 56 35 ·2782: ·4217 ·5052, H. E. Nichols. 

113 33 1881·01,57 14·7 ·2882 ·53261 57 22 ·27721 ·43291 ·51401 
" 

107 56lr855·22i57 59 / ·28731 ·5427/ . . I . . I . . I . . J \V. H. Emory. 
II6 41 1889·41l57 10·5 1?·2942,?·5427

1
57 16 . . , . . . . C. F. l'ond. 

ll4 43,1881·02,57 3r·8' ·2:l52 ·5312 57 38 ·2774 ·43291 ·5126! H. E. Nichols. 
lo6 2811855·1 158 39 J ·286ol ·54¢! . . . . I . . 1 . . I \V. H. ~mory. 

u6 38 1881:25158 30A :2787!? :53361 s~ 371°'2682
1
0·4397:0·51511 H. 7· Nichols. 

117 15J1889 43;57 49 8
1
• 2958

1
. 5556/ 51 _.:_L ___ . : . . I I C. 1 ·Pon~~---- . 

DOMINION 01<' CANADA (TO LONGITUDE 750 WEST). 

Yarmouth. 
Wey!llou,th. 
Halifax, Naval Yard. 
Annapolis. 
Windsor. 
Lake Memphremagog, 

east shore. 
Stanstead. 
Cornwall. 
Chamcook. 
Kent ville. 
St. John, N. B. 
St. Johns, Quebec. 

43 so/ 
44 24, 
44 401 
44 44 

. 45 oo/ 
I 45 Ol, 

45 0211 
45 02 
45 o8 
45 121 
45 14 
45 l]: 



192 UNITED STATES COAST AND GEODETIC SURVEY. 

Collection of the most recent magnetic dips and intensities observed in the Unite<l States and referred 
to the epoch 1900·0-Continued. 

DOMINION OF CANADA (TO LONGITUDE 75° WESTJ-Continued. 

~.,~-e of station. Lat. 

I _____ ,_ 
0 

Isle d'Urval. 45 25 
Isle Madame. 45 28 
Arichat, Isle Madame. 45 30 
11!011treal,McGill Univ'yl 45 30 
~lontreal, near Artillery 45 31 

Barracks. 
La Combe Farm. 145 33 
Pointe aux Chenes. 45 37 
Richmond. 45 41 
Kingsey. · 45 46 
Lomsburg. 45 53 
Fredericton, N. B. 45 55 
Sorel. 46 02 
Sydney, Cape Breton. 46 o8 
Woodstock. 46 09 
Cape Breton. 46 16 
Three Rivers. 46 21 
Becancour. 46 22 
St. Pierre de Miquelon. 46 47 
Quebec, near \Volfe's 46 48 

::.\1onument. · 
St. Thomas. 46 59 
Edmonston, N. B. 47 15 
St. Johns, N. F. 47 34 

Riviere du Loup-en-bas. 
Brandypot Island. 
Gaspe Basin. 
Twillingate, N. F. 
Battle Harbor, Caribou 

Islands, Labrador. 

47 51 
47 53 
48 soi 

49 391 52 16 

I J II Hor. i Total I I: ---· 1 
Long. Date. 1 Dip 6, , force foi:ce ! t)i 900 Hr9oo V1 9oo F1900 Observer. 

- _______ I __ -~ --~~:- --!- -- ---- I 
01 .lo~ .. lo1j 
73 44 1843 33j77 03 1 o 14wo 62911 . . , . . . . 1 · . L. H. Lefroy. 
61 03 1862·5 175 31 . . : . . . . I • • • • • • -- Shadwell. 
61 01'1881·82

1
74 43 I ·1584, ·6oo81 73 490·16340·56300·5861 S. W. Ver'l. 

73 35'.18¢·79·75 40·2 ·15071 ·6090

1

} 1 .1 22 . 16 .61 ,{R. L. Fans. 
73 32;1842·71177 13·11 ·1400 ·6326 75 341 5 59 09 J. H. Lefroy. 

74 0911843·33176 50·6 ·1454! ·6388 . . . . 
74 55!1843·33.76 55·41 ·1421'. ·6281 
72 0311876·62,75 47'4 ·1558 ·6347 74 37 ·16o8 ·5845 ·6o62· F. E. Hilgard. 
72 1211842:69,77 40·0, ·1348 ·6311 
6o 0011862 5 76 00 1 · . . . 74 26 
66 38 1847'5 176 59 . . . . I . . I 
73 03.1842·69.77 16·4: ·13971 ·6340 .. I 
6o 121'1896·531'74 38·6 ·1547~ ·5842 74 28 ·156o ·5612 ·5825 
67 35 1847'5 77 05 . . I . . I . . 
60 o8 1862·5 76 03 . . . . 74 29: 
72 32 1842·68_77 w·7 ·1416' ·63831 • • I 

71 141879·71176 45·1 ·1431 '6245: 76 13: ·1481 ·6o38 ·6217 

J. H. Lefroy. 
-- Shadwell. 
G. W. Keely. 
J. H. Lcfroy. 
G. R. Putnam. 
G. W. Keely. 
-- Shadwell. 
J. H. Lefroy. 
F. E. Hilgard. 
S. W. Very. 
J. B. Baylor. 

71 3311876·6376 54·5 ·1438 ·6348! 75 44 
56 1111881·7875 02 ·15011 ·5~0 74 07. 

I 

, I . 
70 3311876·64 77 II ·7 ·1394' ·6290i 76 02! ·1454

1 

·5847 ·00241 F. E. ,!-lilgard. 
68 20;1876·66.77 18·3 ·1369 ·6229- 76 o8 ·1429 ·5789 ·5962 
52 4211883·49'74 47 ·1518 ·5783' 73 57° . . . . . . \V. H. Lamaraml 

I 
I F. W. Ellis. 

69 25 1876·66 77 31 ·6 ·1359 ·6292: 76 22 0·1421 0·5859•0·6o28 F. E. Hilgard. 
69 42;1830·5 178 35 . . . . I • • 1 · H. W;,Bayfield. 
64 30;1832·0 !78 50 . . . . : . . . 
54 4611881 ·53.75 57 ·14o6 ·5791 I 75 021 . S. W.}ery. 
55 34 1881·70[77 16 10"1277

1

0·5796176 21i . 

D0111INIO~ OF CANADA (BETWEEN LONGITUDES 75° A:ND 90° WEST). 

Amherstburg. J 42 o6' 
Sarnia. ; 42 58 
Niagara Falls, Clifton : 43 04' 

House. · I 
Cape Ippewash. · 43 13 
Niagara Village, C. W. : 43 151 
Hamilton, C. W. I 43 16, 
Toronto, magnetic ob- I 43 39 

servatory. ' 
Goderich. 1 43 44 
Coburg. 43 56 
Bellev11le. [ 44 09; 
King-ston. · 44 13! 
Barne. I 44 211 
Brookville. . 44 32 
Prescot. 1 44 351 
Penetanguishene. · 44 471 
Williamsburg. .

1 
44 55

1 Aylmer. 45 15

1 

Cove Island. 45 20 
Ottawa. . 45 21 
Chat Falls. : 45 26 
Fox Point. 45 321 
Grande Calumet. 45 45 
Fort Coulonge. : 45 55 
Point au Croix. I 45 56

1 Ricollet Fall. · 45 57 
Frazer Bay. 46 oo 
Pointe Bapteme. 46 051 
Fort La Cloche. 46 07[ 
Snake Island. 46 rn; 

83 03,1845·&J73 30·310·18o1/0·6344! . .1-:-~ -1-· -.-j-~~~. H. Lcf=~1 
82 22!1845·8274 15·7! ·1727; ·6368 . . ' l " 
79 osji845'79?4 46·8/ ·1665;

1

, ·63431

1

. . I I " . 
82 oo

1
186o·35 74 46 , ·1675 ·6427 . . I \V. P. Snuth. 

79 o8i1843:19:74 45:6'. :16781 :6387 . . . . 1 . . . .. J. H. ~efroy. 
79 501845 8374 54 Ii 166ol 6374i . . . . . . I •• I 
79 23'1895·2 'l74 33·7; ·1664.

1 

·6252

1

74 19;0·16910·6o200·6252

1 

[Letter of 0. J. 
. I I Klotz.] 

81 43:1soo:55 75 02. : ·1648\· ·6382

1

. . . . . . . . . w. P .• ?mith. 
78 10;1843 28 75 27 2 . . . . 
7725.1843·29;7701·d1.... ' " 
76 291845·44177 14·5, ·1539 ·6¢7 ; C.Younghusband. 
79 41 11843·o675 49·91 . . . . I 1. H. Lefroy. 
75 411845·4576 18·9

1

1 ·1496 ·6322· C.Younghusband. 
75 301843·301178 42·5 . . I J. H. ~'.efroy. 
79 58:1844·8676 20·1 ·1533 ·6491. 
75 oi1843·30176 30·8, ·1502 ·64391 
75 58 1843'34 76 41 1 ·1470 ·638o 
81 431186o·6676 32 ·15o6J ·6484 
75 42;1856·6 176 42 . . I 
76 32)843'34'75 07 ·1648 ·6416 
75 2211843·34176 35·3 ·14841 ·6398 
76 4011843·35,76 44·4 ·1463 ·6378 
76 451843'3577 ,29·7 ·1389/ ·6414 
81 02!1843·37,76 31·3 ·1494·1 ·6410 
So 30'1843·37,76 45"4 ·1493 ·65151 
81 4011843·3877 05·6 ·14321 ·6412! 
77 261843·3677 19·11 ·1394 •63511 
82 03 1843 ·38 76 50·2 . . . . 
82 40,1843·3877 05·50·1427p·6386 

: W. P. Smith. 
; K. Friesach. 

J. H. ~froy. 

" 

" 
" 
" 
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Collection of the most recent magnetic dips and intensities obserre<l in the United States and l'ejcrred 
to the epoch 1900·0-0ontinued. 

DO~ll~ION OF CANADA (BETWEEN LONGITUDES 75° AND 90° WE8T)-Couti1111ed. 
------ -------------------------------------------------

'I , : . I Hor. I Tota 1 I I 
Namc_o_f-st-a-ti-ot_l. ___ 

1

1 Lat~ - ~~::_, _::_1 Dt: l~~cc-I f?c '.~ -~'.'000-: I F1900 i 

-1 
l 
I I 

I 
______ i ____ . 

o,' 011 lo' . lo,I : 
Lake Nipessing. 46 111 79 4811843·3n7 09·5110·1420110·6391. I I J. II. Lcfroy. 
PortdesdeuxJoachims. 46 12 77 401843·361'77 03·8 ·14281 ·63771 
1'rou·Portage. 46 15' 78 16184y3677 24·4 ·13991· ·6415: 
LittleRiv.,firstportage. 46 151' 78 44!184y3777 28·51 ·1395 ·64351· I 
Thessalon Point. I 46 17 83 33:r84y38:76 59·3 ·1455. ·6464, 
Trout Lake. 46 181 79 1311843·37177 21·i ·1407_ ·6432; 
Pointe aux Pins. 46 301 84 2911843·39177 13·4i' ·14361 ·6492, 
Sain~, l\1ary. 46 31, 84 21 1844·84, . . ·1398 ·63741 

46 311 84 21 1845·4 \77 19'5 . i . . 
Gros Cap. 46 32 84 43

1

1841·6177 05·3' . · . · 
J>ointe aux Crepes. 46 58, 84 44 1843 ·39 77 11 ·5; ·14271 ·64361 
Cape Gargantua. 47 371 85 05 1843·39'

1

77 56·11 ·14711 ·7o381· 
Foot of Long Portage. 47 5S 84 45 188o·62 . . ·1299 .. 
Michipicotei1, Hudson 47 561 84 5111844·1 78 or2: ·1323

1 
·6462 

Bay ,~ompany Post. 

1 

, . 
47 56 84 511188o·62' .. i ·13191 

Otter Island. 48 07. 86 07

1

:1843·39!
1
79 43·61' ·1116 ·.625.61· . . ii 

Big Stony Portage. 
1
. 48 1411 84 IS 188o·62 . . ·12681 

Tip Top. 48 lS 86 o81871·6578 56 i ·1249. ·6358 78 os 
Sandy Beach, DogLake. 'I 48 18 84 01_18So·s7, .. ·1 ·1284j . · · · · I 
Thunder Cape. 48 20. 88 52

1

1843·41·
1
78 23·2 ·1320; ·6556: . . 

Fairy Point, Missinaibi I 48 211 83 44 1880·57, . . · ·1268! . . I 
Lake. , , 

Fort William. I 48 23[ 89 13 1844·1 78 04·7: ·1324 ·6491; 

Portage Ecartc. ! 48 251' 89 441
1
1843·42177 13·51 ·1429; ·64611! 

:\Iissinaibi Post. 48 29 83 28 18So·s8: . . ' ·12541 
White River. 48 32; 86 14 1844·8o78 3y1, ·1292! :65~9. 
The Pie. 48 351 86 I 5! 1844. I 78 36 ·6 . I 257 ·6409: 
Dog Portage. 48 391 89 301844·1 !78 26·s1 ·1308· ·6512: 
FootofSwampy-ground i 48 411 .83 24118.8o·68I .. ' ·1269 

Portage. J I 
Peninsula Harbor. 48 44 86 28:1824·5 ,78 34 · 
Rattle Island. 48 45, 87 3311844·1 178 24 , ·1266 ·6298 
Simpson Island. 48 49; 87 45 1843·41 78 53·6; ·12451 ·6464 
St. Paul Portage. 48 5o'. 83 23 188o·671 . . ·1219 
Moose River. 49 081 83 22:188o·67 . . I ·1194 
Twin Passage. 49 12 83 241188o·59i . . ·1216 
Albany Rapids. 49 22; 83 30 1880·67, . . · 1 171 
Kettle Portage. 49 4 71 83 l 61188o·6o' · 1141 
Storehouse Portage. 50 04 83 16188o·66. ·1139 
X ear Cedar Island. so 21 1 82 42 1880·66: · 1 131 . . 

]. Rae. 
E. Loomis. 
J. H. Lefroy. 

" 
S. \V. Very. 
J. H. Lefroy and 

J. Rae. 
· 1329! , S. \V. Very. 
• . I • . ! . . J. H. Lefroy, 
·12801 . . i . . S. W. Ver)-:. 
·12s6

1

'0·5951:0·6o83: C. B. Comstock. 
·1296 .. , .. S.\\'.Very. 
. . . . ; . . J. H. Lefrov. 
·1280 . . ! . . S. W. Very~ 

. 1281 

. I 
• ! 

·1231i 
·1206 
·1228 
·1183: 
·11s3' 
·1151 
·1143 
·1078, 

J. Franklin and 
J. H. Lefroy. 

J. II. Lefroy. 
S. W. Very. 
J. I-I. Lcfroy. 

" 
S. W. Very . 

I-I. \V. Bayfield . 
, J. II. Lefroy . 
I " 

S. \\'. Very. 

Brook. I I 
Near Small Falling so 36·

1 

82 07188o·61i ·1o66 . 

Ship Sands. I 51 o8 So 44 1846·5 '81 02 I ·1011 ·6487 
I 
.. ' 
.. 

.0·0984 

T. E. L. Moore. 

S. W. Ver1·· 
- I-Iutchms. 

Moose Factory. 1

1

51 15 So 401846·5 81 30 · ·09620·6510: 
" 51 151 8o 40 188o·63' . 1.o·.097·31 

Fort Albany. 52 22 82 38 1775 i79 20 
j _______ _ I 

__J, 

BRITISll POSSESSIONS, NORTHWEST A::\IERTCA (SOUTH OF LATITlm.E iiF AND WEST OF 
LONGITUDE 90° W.). 

Second Portage. 48 141 
Ile a la Crosse Lake. I 48 241 
Victoria, Vancouver 48 26 

Island. 
Esquimault. ; 48 26' 
Sturgeon Lake. · 48 271 
Rainy Lake. I 48 33 
French Portage. , 48 3S 
Portage of the two 48 35 

rivers. I 
Fort Frances. 48 37 
Rainy River. 48 41 
Savanne Portage. 48 531 

fi584--13 

92 25
1
1843·44,177 40·10·1381:0·64671 

92041843·4477s1·0 ·1365 ·6485 
123 22'188o·34 71 22·1 ·1893 ·59261 71 

I 
, I , 

123 27 1892·73!71 2r4ll ·1905: ·5990, 71 
92 3811843·44177 44·8 ·13781 ·6491· 
92 50 1843'45177 47·9 ·1374 ·64991 
91 oS 1843·4378 20·4 ·13n ·6487 
91 2311843'43?7 49·4 ·1364 ·646g 

93 27'1844·6 177 30 ·1402 ·6466 
94 3111843·46'77 57·41 ·1370 ·6598 
go 0311843·43J78 21·80·13120·6504 

J. IL ,~,efroy. 

W. H. Dall and 
111. Baker. 

L. llfottez. 
J. H. ,:_,efroy. 

.. 

-, 
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Collection of the most recent magnetic dips and intensities observed in the United States and referred 
to the epoch 1900·0-Continued. 

lllUTISH POSSESSIONS, NORTHWEST AMERICA (SOUTH OP LATITUDE 51° AND WEST OF 
LONGITUDE 900 W.)-Continued. 

l ___ N_n_m_e_o_f_s_ta-ti_o_n_. --~,-La-t-. -,.-Lo-1-1g-,.-.--D-a-te-.~-D-ip-8-.~-f-~H-~c-~~-1 T-f~-;-~c-I ~8-,,.-,-r~-1000_!_\-.,~-i-F-,,.,-u r· -- Ohserver~- -·1 
;_p --ra_i_n-_e_P_o-rt_a_g_e-.. ---1, 4°8 ;7i - ;:-:-18-44--6-;_2_6_·1 :~:307:0-·-64-9: ~-.;!I-- --!l·--,l-J~ H~:ef~~y--.-- 1 

Ashtnolou Station. 49 ool 120 oo 186o·63 72 2ro · 18so' ·6142 72 07 R. W. Haig. 
Inshwointum Station. 1 49 001 u8 28.186o·91:72 48·8 ·18o8I ·6119 72 29. " 
Wigwam River Station. ' 49 001 114 4S 1861 ·s7173 30·8 ·1764 ·6223 73 02 [ 
Akamina Station. 49 01: Il4041861·s8[73 42·7 ·17s71 ·626s 73 16 
Semi-ah-moo. 49 or 122 46 l8ST73·7I 5TO ·1892 ·6w6 
Sumass Prairie. 49 or 122 12 18s8·8o1l72 22·0 · 1868, ·6163 
Schweitzer Lake. 49 02 122 oo 18s9·sr 72 03·9 ·1886, ·612s 

J. S. Harris. 
R. W:,Haig. 

Chilukweyuck Lake. 49 02 121 23 1859·68'72 3roj ·1826 ·0077 
Chilukweyuck Camp. 49 o6 121 23 18s9·s 72 22·2 ·18ss' ·6124 72 o6, . J. S. ~arris. 
Camp No. 1 I. 49 07 us 16 l86rs 73 37"8 73 I Ii . . . . l . . 
On Ashtnolou River. 49 w

1 
120 oo 186o·6 72 36·9

1 
·1822 ·6o98 72 211 . . . . I . . 

Nanaimo. 49 IOI· 124 oo 1862·s 71 54 71 46j . . . . . . 
Departure Bay. 49 13 123S8188176,71 42·2 ·187s ·s971 71 390·1870,o·s6380-s939 
New \Vestminster. 49 13-

1 

122 S3 I862·s 72 15 . i 72 04: I 
Hecate Day. 49 ·IS 12s s6 I861 · S 72 37 I 72 30 
Bm.:rard Inlet. 49 16 123 IO 18s9·s 172 14 . . 72 021 
Lake of the Woods, 49 19 94 401843·46178 oy7 :I346 ·6506 . . I 

R. W. Haig. 
G. H. Richards. 
H. E. Nichols. 
G. I I. Richards. 

J. H. Lefroy. 

Falcon Island. 1· 
I,ake of the Woods. 49 25 94 37 1843·46'78 16"7' "I31S ·647s . : l . 
Joseph Prairie, Camp 49 31 rrs 35 1861·s 73 so·4) ·1733 ·6227 73 241 . · 1· . : J. S. Harris. 

No. 14. I 
Nootka .Sound. 49 36: I26 37 188I "74 71 33 ·o ·1883· ·s948 71 28, ·188o ·56o8 ·5916,, H E. N_ichols. 
Henry Bay. 49 36i 124 51 186o·s 72 2s . . ! 72 O<) • • • • G. H. Richards. 
Gap in Cypress Hills. 49 38.

1 

IO<) SI 188o·s8 7S 20·4 75 01 I i . . W. F. King. 
Willow Creek. 49 45 Il3 24 188o·63 74 46·3 74 34 1 • • " 

Rat Portage. 49 46 94 33 1844. I 178 ors : 13~sl :6466 . . I I J. H. ~efroy. 
Fort Garry, Upper Fort. 49 531 97 161843·5078 I8·8 ·1314 ·6478' 
Wi~nipeg, C. P. R. Sta- t? 49 S3

1 

?97 16 1882·40

1

79 so·2 i 79 25
1 

W. Ogilvie. 

ti on. I Station R, at Maple 50 03 lo8 51 I880·56,75 50·1 75 31: W. F. King. 
Creek. I · · I 

Winnipeg River. 50 IO 9S 121843·47!79 I0'6: ·12301 ·6549 . 
1
· J. H. Lefroy. 

Slave Falls. so 15 9S 401843·4778 S7'II 'I24S' ·6498 .. 1 • " 

Red River. so 18 ¢ s2 1843·s178 34 ·12881 ·6498 I 
Station W. so 22i 113 49,1I88o·64 74 44·1

1 
. . 74 3o : W. F.,~ing. 

Station P, Old Woman so 29 1o6 47I88o·ss76 SI'2 . . 76 311 · 
Lake. I [ 

North Harbor, Quatsino 50 29 I28 04188I'73 71 41·3 'I867 'S943 71 38 'I867 ·5622 ·592s H. E. Nichols. 

Po~~1~~ville. so 3II 126 04/186o·s 72 191. . [ . . . . · I G. H. Richards. 
Lake Winnipeg. 50 35 ¢ 36:1843'4978 34·4 ·1290

1 
·6514 J J. H. Lefroy. 

Fort Alexander. 50 37I 96 22,1844·72.78 s8·4 ·12441 ·6soo . . · " 
Thompson River. so 41

1 
120 III833·3 73 43 J ·166s, ·s9391 

•• I I JD.Douglas. 
Station A, Ellice and so 42

1 

102 00:188o·39 77 SI'S[ . · 1 · . ! 77 30

1

. , . '·· W. F. King 
Touchwood Trail. I I I 

Beaver Harbor. 50 43 127 2s I86o·s 72 37 . . I . . .· G. H. Richards. 
Station K, near Fort 150 46ll I03 48:I88o·5177 23·2 . . , . . 77 04

1 

W. F. King. 
Qu'Appelle. I 'I i 

Anchorage Co\·e. 50 53' I26 I21881·59
1
72 46·1 ·1756 ·5929! 72 43 1756 ·5643 ·5910. H E. Nichols. 

Waddington Harbor. I 50 S4J 124 so 1881'5YI s8·60·18471o·s966i 71--~6\~:_1~~lo·~6210~9~j ____ ~·- --~ 

BRITISH POSSESSIONS, NORTHWEST AMEIUCA (NORTH OF LATITUDE 51° AND WEST 01" 
LONGITUDE 90" W.). 

~------------------------------···--------------·----· ------·---
Land Survey station. 
Station X, on Bow Riv. 
Lake Winnipeg. 

'' ,, 
Station 0, near Elbow. 
Land Survey station. 
Station Y, Morleyvillc. 
Station J, on Appelle 

Trail. 

SI 01 
SI 02 
SI 04 
SI 04 
SI os 

I 
SI os 
5I IO 
SI 12 

I W. Ogilvie. 
; W. F. King. 

J. I-I. Lefroy. 
" 

W.F.King. 
W. Ogilvie. 
W.F.King. ,. 

; 
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Collection of the most recent magnetic dips and intensities observed in the United States and referred 
to the epoch 1900·0-Continued. 

BRITISH POSSESSIONS, NORTHWEST AMERICA (NORTII OF LATITUDE 510 AND WEST OF 
- LONGITUDE 90° W.)-Coutinued. 

_____ I _____ 1 Hor. I T~t~l 
Date. Dip 9. force force 81000 

H. F. 
F1000 Obscrv=-1 Lat. l,ong.* Name of station. 

I --------1--- __ , ____ , --~ ---------------1------i 

Station I, near H. B. 
House. 

Station H, on Pelly's 
Trail. 

L~ke Win,i~ipeg. 

Station G. 
Lake Winnipeg, oppo­

site Tete du Chien. 
Station D, Assiniboine 

River. 
Lake 'Vinnipeg, island 

east of Bear Island. 
Station C, Swan River 

Barracks. 
Port McLaughlin. 
Rose Harbor. 
Lake Winnipeg. 
Elbow 
Lake Win~'.ipeg. 

o I 

51 22 

51 32, 

51 341 
51 37i 
51 39 
51 441 

51 45' 

51 46! 
i 

51 54' 

52 o81 
52 091 

52 21; 
52 21 
52 23! 
52 32, 

Fort Alexandria. 52 33 
Station e, Battleford. 52 431 
Carlton House. 52 511 
Willow Hills. 53 oo_ 
Station a, f'.ipestone Cr. 53 04'

1

. 

Grand Rapids. 53 9-8 
Cross Lake. 53 11 
Hare Island. 53 13• 
Near fork of Saskatche- 53 13'1 

wan. 
Devils Drum Island. 53 r9 
Lake Winnipeg. 53 321 
Fort Edmonton. 53 32, 
Station b, near Fort 53 32· 

Edmonton. I ' I 
Fort Pitt. 53 341 
Station d, Battleford. , 53 36: 
Norway House, old site. 53 42\ 
Above the Pass. 53 49

1

' 

Moose Hill. 53 50 
Cumberland House. 53 57 
Norway House, new 54 oo 

position. I 
Frazer Lake. 54 03 
Pembina River. 54 03' 
Saskatchewan River. 54 05' 
Hairy Lake. 54 20, 
Land Survey station. 54 21 ~ 
Fort Assiniboine 54 221 

White Fall Portage. 54 23'. 
J,imestone Point. 54 26

1

' 
Stuart Lake. 54 27 
Port Simpson. 54 34 
Hills Gates. 54 42, 
Carp Portage. 54 4i 
Oxford House. 54 56

1 
Land Survey station. 55 101 Observatory Inlet. 55 15 
Fort a la Crosse. 55 271 
Land Survey station. 55 32i 
Fort Lesser Slave Lake. 55 33 
Lion Point. 55 53, 
Fort Dunvegan. 55 56

1 J,and Survey station. 56 08 
York Factory. 57 ool 

o I o I ! 
I04 oo l88o·49;77 53·21 . . . . W. F. King. 

o I 

I03 4+88o·49178 12·01 . . . . 

¢ 43.1844·71 79 o6·1,0·12550·6636! 
96 5311843·51 79 38·0: ·1200 ·66681 

I03 081188o·48178 21 ·21 . . 
97 02 1844·71\79 39 ·1274 ·7092 

I02 0+88o·46·78 34·71 

97001843·5+9 28·31 ·12141 ·6646 

IOI 5;118So·44178 34·51 I ' 
128 IOl1881·6ol73 12·1 ·17451 :6o~ol 
131 151881·72172 30·2 ·1791_ ·5957 
97 IO 184470;8o 24·4 "II071 ·6638 

I07 2311844·65 78 16·6 ·1319 ·64¢ 
97 12 r843·528o 39·2 'I059 ·6524 
97 181843·528o 05·5, ·1121 ·65131 

122 29 1833·4 14 50 I ·1561 ·5935: 
I08 lp88o·83 77 49·4 . . . . I 
lo6 32' I 844 ·65 78 30·7 · 12651 ·6355! 
ro8 301844·64178 28·1, ·1313

1 
·6567, 

113 35!188o·73177 00"2' . . I • • I 
99 27 1884·55,8o 24·91 ·IOS3 ·6503: 
99 34 184y63 So 28·2 "I081: ·6531 

100 001843·63:8o 07'1 "Il13, ·6484 
I04 52 1884·3878 59·3 ·1231; ·6444 

100 36 1843 ·67!8o oo·o · 11o6I ·6370 
99 12 1843·62!8o 22·21 "I087I ·6500 

II3 301844·63!77 54·2 .·135.i .·645_51 
I 13 30 188o·76·77 30·5 

109 47,1844·64,78 41·0 ·1281 .·65.261 
I JI 24'. l8So·79177 56·8 
98 on843·61 18o 45·4 "I049 ·6530 

IOI 231843·66!8o 24·4 "1100 •66o3 
lIO 591844·64178 33·5. ·1263 ·6368 
!02 19 1884·46_8o 25·6; ·1077! ·6474 
98 04 1884·65181 12'8[ ·0990, ·6484 

124 401833·5 75 48 '·14s4 ·0059 
114 00·1844·5 77 54 
112 2d1844·6378 05·2 ·1304 ·6319 
97 2811843·5981 20·9 ·0976 ·6486 

114 oo 1883 ·oo 77 58· 1 
114 29:1844·6+8 15·2 

I 

J. H. Lefroy. 
" 

W. F. King. 
J. H. Lefroy. 

W. F. King. 

J. H. Lefroy. 

W. F. King. 

H. E. Nichols. 
" 

J. H. ~efroy. 

D. Douglas. 
W. F. King. 
J. H. Lefroy. 

" 
W. F.King. 
0. J. Klotz. 
J. H. ~efroy. 

O.J. Klotz. 

J. H. ~~efroy. 

'"· F. King. 

J. H. Lefroy. 
\V. F. King. 
J. H .• ~.efroy. 

0. J . .i;::1otz. 

D. Douglas. 
J. II .• ~efroy. 

W. Ogilvie. 
J. H .• ~efroy. 

96 3111843·59181 47·9 
!02 ro-1843·65 So 34·21 
124 20 1833·5 76 091 
130 26 1895 ·40 74 09·3 

·09341 ·6549 
'IOOO· ·6470 
·14571 ·6o91 
. I 629: . 5966 
·0916, ·6543 

i. 
· · . . , . . : . . D. Douglas . 
74 o60·1633

1
0·5733:0·5961 0. B. French. 

96 IO 1843·5981 57'0 
I02 39 1843 ·65 So 39·6

1 

.. I .. 
·0838 ·6544 
·1264 ·6332 

95301843·5982 38·8 
114 03 1883·3678 29·1 
129 4411793·5 75 54'5: 
107 54 r843·698o 09·8j ·1101 ·6461 
II6 0911883·7578 15·11 ·1274 ·6258 
116001844·5978 39·01 ·1259 ·6396 
130 0111895·4075 25·1 ·1522 ·6o45' 75 
II8 28 1844·56 78 46·2 ·1256 ·64551 
117 5111883'73 78 17'21 ·12741 ·6277 
92 26 1844 ·70 83 46·9;o·o696,0·6421 i 

J. H .• ~efroy. 

W. Ogilvie. 
I G. Vancoll\·er. 
! J. H. Lefroy. 
i W. Ogilvie. 

. . _ . . . . I J. H. Lefroy. 
22o·15260·5844,0·6o39, P.A. Welker. 

. . 1 · . 1 · . I J. H. Lefroy. 

. . . ·· . . W. Ogilvie. 

. . . . . . . 0. J. Klotz. 



196 UNITED STATES COAST AND GEODETIC SURVEY. 

Collection of the most recent magnetic dips and intensities observed in the United States u..nd referred 
to the epoch 1.900·0-Contiuued. 

BRITISH POSSESSIONS, NORTHWEST AMERICA (NORTH OF LATITUDE 51° AND WE8T OF 
LONGITUDE 90° W.J-Continued. 

.[ 
Name of station. I ... ong. Observer. 

H. F. 
Lat. i I Hor. · Total . 1· j 

Date. Dip 9. 

1 

force force 1· 81900 1I1900 V1900 Fu~ 1· 

-- --- --,------,--1--1-----·-··- ----
1:s s91844·s3~ :8·010·103710·6465 ° /; i ·J.II.Lefroy. 

-:-0 ~1 
Fort Vermilion or Fort 

Lefroy. 
Fort Chipew.l'.'an. 
Fort Churclnll. 
J,ake Lindeman. 
Marsh Lake. 
Canyon. 
Fort Resolution, Great 

Slave Lake. 
Fort Simpson. 
Lewes River. 
Fort Rae. 
Fort Selkirk. 
White River. 
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APPENDIX NO. 2-1897. 

THE TELEGRAPHIC LONGITUDE NE'l' OF THE UNITED S'l'ATES AND ITS 
CONNECTION WITH THAT OF EUROPE, 1866-1896. 

Report by C. A. Sc110TT, ABBi,ta11t. 

Introductioh.-The gradual extension of the telegraphic longitude system may be said to have 
kept pace with the progress made in the development of the facilities of the country. Thus in the 
yeai· 1884*' the part sufficiently completed for adjustment had Omaha, Nebr., for its western limit, 
while at the present time the Pacific Coast is well supplied with longitude stations. Broadly 
speaking, there are tllree lines of wire connections across the country from ocean to ocean-one 
near the northern boundary, one centrally located, and one near the southern boundary. Tliese 
lines are connected by ties involving intermediate stations, the whole forming what is well 
designated as a t£'-legraphic longitude net. It will be the business of the computer to properly 
disperse in the results the small individual discrepancies which make tlleir appearance in all 
fallible measures when confronted with the inherent mathematical conditions. 

In each of the years 1866, 1870, and 1872 direct cable and wire connections were secured 
between Cambridge, Mass., and Greenwich, England. These three trans-Atlantic determinations 
for longitude, taking their start from the adopted initial meridian, proved to be ·in good accord t 
yet a fourth determination was desired in order to impart additional strength to this link of the 
prospective belting of the globe, mainly because the observers had not interchanged places during 
these operations so as to directly eliminate their personal equation. This fourth determination 
was opportunely supplied in 1892 + when Canadian and English observers connected Montreal, 
Canada, and Greenwich with all desired accuracy. 

If we examine any of the charts in the later annual reports of the Survey designed to illus­
trate the longitude results, we shall find more than two lmndred determinations. These serve 
various purposes, such as furnishing the longitudes to tlle triangulations in all parts of the 
country, supplying similar information for special localities, such, for instance, as capitols of 
States and astronomic observatories, in order to improve their geographic Jlositions-these 
observations also include the longitudinal subdivisions of the arc of the parallel in latitude 39°­
bnt the main object for t}leir existence was the evolution of a standard longitude net of n limited 
nnml>er of selected stations in order to give consistency and accuracy to all longitudes of surveys 
connected with this standard system.§ It is with the publication of the individual results and 

•An earlier preliminary adjustment involved only coast stations us far as Now Orleans (Rop. for 1880, App. No. 6). 
t Appendix: No. 11, Const Survey Report for 188.J., pp. 429, 430. 
t The definite result has not yet been published (July, 1897), but was in part supplied through the kindness of 

Prof. C. H. :McLeod, of McGill University, Montreal. 
11 \Vhen the shores of the Atlantic had boon united by the electric c1ible, the exchange of western and eastern 

times proved that the longitude hitherto adopted in tho survey of our oastern coast, which rested upon moon culmi­
nations, eclipses, transits, occultations, and, last of all, on ehronometer transportations, was considerably in error. 
In 1851 the aclopted longitude of Harvard College Observatory, Cambridge, Mass., which served ns the standard 
value, was 411 44m 29•·50 (see Coast Survey Hoport for 1851, p. 480; there is u misprint which makes the seconds 
29.05), but tho first cable determination gave the value 4" 4.J.m 30•·85, and later the adjusted value from three deter­
minations ~ucle it 411 44"" 30'·99 (Report for 1884, p. 428). In con.;eqnenco, in April, 186!l, tho longitudes of the Survey 
on this coast were inorcaBecl 1•·35 or 20"·25, which in this latitude is not far from a third of a statute mile. 

A similur increase of Jougitmles, or pushing westward of the coast lino as represented on the older ehartH, was 
found necessary on our Pacific Con.st, only thero tho amount of chungo was greater; from tho earlier rcsultH of moon 
culminations th<i goollet.ic longitude of Telogruph Hill at San Francisco wns taken us 811 O!J"' 33'"::!!J; a report nmlle by 
the writer in !'llureh, 185:), gave the resulting Jougitudll 8h 0!1 111 3.1•·37 depending on 20u moon-culminations obst'rved at 
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the adjustment of the differences of longitude between the stations which compose this system 
that this paper is alone concerned. 

Historical note.-It is not the intention, nor would it be the proper place, to introduce here 
any extended account of the history of the telegraphic longitude method from its inception to its 
present highly developed state, but, as in the previous publications of 1880 and 1884, a short 
notice of the development of the method while in. the bands of the Coast (and Geodetic) Survey 
is both desirable and necessary for the proper understanding of the results and their probable 
errors reached at differeut epochs since 1845. 

When, in May, 1844, Morse flashed bis first telegraphic messages over the wires between 
Washington and Baltimore, with a transmission time of his sig11als so short as to be barely per­
ceptible, it is not to be wondered at that this time-annihilating device was sufficiently suggestive 
to the mind of an astronomer to foreshadow a new method for determining differences of longi­
tude by its means. 'l'he first notice by the Coast Survey pointi11g to such use I find in the Report 
for 1846, page 32, and in Appendix No. 11, page 72, where the instructions issued in the autumn 
of 1845 by Supt. A. D. Bache to Assistant S. C. Walker relative to the determinatlon of geographic 
longitudes by means of the electric telegraph are given. In consequence of these instructions 
arrangement~ were made in the summer of 1846 to connect Washington with Jersey City (opposite 
New York) via Philadelphia, and on October 10 and 22, 1846, signals passed between the United 
States Naval Observatory at Washington and the Central High School Observatory at Philadel­
phia. The observers were Prof: S. C. Walker and Lieuts. M. F. Maury and J. ,J. Almy at the first 
place and Prof. E. 0. Kendall at the second place. This was simply experimental, but in July and 
August, 1847, more complete apparatus having been procured the experiments were renewed with 
different observers at the terminals. The work was one of cooperation between the Superintendent 
of the Naval Observatory, Lieutenant l\faury, and the Superintendent of the Coast Survey, Dr. 
Bache, while to Professor Walker was left tlJe charge of the arrangement of tlJc details of the oper­
ations. Professor Walker was connected with both governmental institutions between tbe years 
1845 40 and 18!7, and in his letter of November 10, 1847, inclosed in a communication by Dr. Bache 
of February 7, l848, to the Astronomische Nachrichten, No. 632, we have given the most complete 
notice of the theory and practical value of the 11ew method. Further information as to the state 
of the work is given in a second letter by Dr. Bache, in the Astronomische Nachrichten, No. 666, 
dated December 26, 1848. Under date of January 3, 1849, the Secretary of the Treasury com­
municated to the House of Representativest a report from the Superintendent of the Coast 
Survey, setting forth and describing the new telegraphic method for the determination of longi­
tudes. This report incloses two detailed statements by Assistant 'Valker, dated December 15, 
1848. In these early days much attention was given to the determinations of wave and armature 
time and the personal equations, while to the mechanical details of automatic registration a11d to 
clock break-circuit devices, as well as to the purely astronomical part of' the operation, due atten­
tion was paid. For this and kindred matter the annual reports may be consulted. 

A more popular accou11t of the new method given by Walker about this time will be found in 
Littell's Living Age, Vol. XV, Boston, October, 1847. This article is copied from the Washington 
newspaper Union. On the part of the United States Naval Observatory see Washington Astro­
nomical Ob~ervatiuns During the Year 1846, Vol. II, 1851, Appendix page [5J, where Lieutenant 
Maury, in a letter to Dr. Locke, dated January 5, 184!), gh•es credit for the suggestion of using 
the electric telegraph for longitude determination to Captain W,.ilkes, U. S. N. 'l'his was on tbe 
occasion of the opening of the Baltimore line in 18!4. See also Washington Astronomical 
and Meteorological Observations of 1871, Appendix IV, "Memoir of the founding and progress 
of the United States Naval Observatory" by Prof. J. E. Nourse, U. S. N. 

seven different places an<l reduced to tho 11tation by means of chronometer transportations; but in the spring of 
1869 San Francisco and Cambri<lge were directly connectOll by wire with a resulting difference of longitude 
311 25"' 07•·37 which when referred to Telegraph Hill makes its longitude 8h 09"' 37•·46, or 122° 24' 21"·95, which oxcoe<ls 
the 1855 result by 3''1 nearly, or a.bout 46''·5, which in the latitude of San Francisco amounts to almost three-quarters 
of a mile; thus the country was considerably wider than had been known before the advent of the telegrnphic 
method. 

•Possibly even as early a8 1844. He continued Assistant in the Survey over seven years, to the close of the year 
1852, when ill health compel!e<l him to retire. Professor \Va.Iker <lied in February, 1853. 

t Ex. Doc. No. 21, Thirtieth Congress, second session. 



REPORT ~'OR 1897-PART II. APPENDIX NO. 2. 203 

After the retirement' of l~rofessor Walker, in.1852, Dr. B. A. Gould, Assistant in the Survey, 
was called upon by the Superintendent to take charge of the longitude work, which remained fo his 
able hands till 1867, when he tenderetl his resignation. 1.'he progress made duriug this interval 
may be read in the respective annual reports of the Survey, but his most important contribution 
is contained in the Report for 1867, Appendix No. 6, pages 57-133, "On the Jongitude between 
America and Europe from signals through the Atlantic cable." The peculiarities of cable work 
are here set forth in great detai1, and Dr. Gould also contrasts the older astronomic with the new 
telegraphic result.* Assistant George W. Dean succeeded Dr. Gould, and under the immediate 
direction of the Superintendent bad charge of the longitudes between 1867 and l 874, but after 
the expiration of the last-natned year no special appointment for conducting this work was made, 
doubtless, as it was felt that it had then become in a great measure one of mere routine. The 
results heretofore obtained were found to lack consistency of treatment, and in September, 1878, 
the computing division of the Survey was directed to take charge of the computations and submit 
reports in connection with the devulopment of the scheme. As a first fruit we have giveu in 
Appendix No. 6, Heport for 1880, a summary of re::;ults of 80 determinations between principal sta­
tiom; and of 4 7 subordinate ones, which is followed by an adjustment (method of least squares) of the 
longitudes of 25 stations connected by 34 determinations of ditforences of longitude between them.t 

Present field an<l office pi-actice.-A full exposition of the method of longitude determinations, 
as practiced about the year 1880, will be found in Appendix No. 14 of the report for thitt year. 
Part II of tlJat paper is illustrated with two plates showing arrangement of the several telegraph 
instruments and their connections, also of the c)lronograph by I!'auth & Co. Since tlJat time the 
sending of chronometer signals and the galvanometer tests of the circuits has been discontinued, 
thus considerably simplifying the exchange of signals without detriment to the accuracy of the 
chronometer comparison. About three dozen arbitrary break signals, sent and received, at each 
station, constitute an exchange during wl1icb the chronographs are run at double speed. The 
whole time required is but a few ml.notes. The method followed both in the tield and in the 
olfice or by the observer and computer, and the one in use substantially at the present time, is 
described and illustrated in two appendices in the annual report for 188!J, viz, No. 8, "Telegraphic 
determination of the longitude of a station on Mount Hamilwn, California, etc., and No. !:l, 
"Description of two new portable transit instruments for longitude work." These instruments 
were constructed at the Survey Office by E. G. Fischer, chief mechaniciau, from designs by 
Assistant Edwin Smith. Tlw more modern work depends entirely on these excellent iu::;trn­
ments. The establishment of a strong longitude net embracing the whole country was ::;te:Hlil~· 
kept in view. . 

The longitude net.-The general plan of the composition of the net and its connection with the 
initial longitude station in Europe have already been referred to above. In the i:;election of the 
links only those were admitted in the scheme in which the personal equation had been eliminated 
through the i11terch1inge of places of the observers. There are a few exceptions to this, in wliich 
cases, however, the personal equation was ascertained by direct or indirect comparisons. 

A few, but important, links were introduced which rest on other than coast and geodetic 
authority, viz, the connection Oambridge and Detroit, by the United States Lake Survey; the 
connection Cambridge and l\fontreal, by the respective directors of the observatories, and the new 
cable connection of the Montreal and Greenwich observatories. The links and meshes of the net 
are shown on the accompanying map (scale, 1-10 000 000). Key West, Fla., was introduced to 
provide for Central and South American cable con:1ections; Galveston and El Paso, l'ex., to 
connect with Mexican lines and cabl1·s to the west coasts of Oentral and South America, while 
any future Pacific cables are within easy reach of the system. The net contains 45 stations with 
72 links; with this were after\Vltrds connected 3 secondary stations with 4 links. 

Abstracts of res1Llts.-In what follows the individual nightly values for difference of lougitude 
between any two stations are presented, together with the resulting weighted mean result and its 
~robable error; also other pertinent information respecting dates, observers, instruments, trans-

*Of the two cub le longitudes sulisequont to that of 18u6 11 full aoconnt la given by Assh1tnnt J. E. Hilgard in 
Appendix No. 18, Heport for 1874, pp. 163-242. 

t For secoml adjustment see Appendix No. 11, Hoport for 1884. 
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mission time, description of stations, reference marks, etc. The abstracts are given in tabular 
form and are sufficiently self-explanatory. In accordance with general regulations two cornputa­
tlons of each longitude determination are made; one by the observer, the other by the office 
computer under the direction of the chief of the computiug division. .All longitude computations 
since 1893 were made by Mr. D. L. Hazard, of this division, who !las also reviewed or revised the 
older office reductions. 

As has been shown in .Appendix No. S, l{.eport for 1889, the combination weights p, assigned 
to the values of L1 A. of a longitude determination, depend in the first place on the p1 obable errors of 
the two sets of time determinations at each station;" next on the resulting probable errors of the 
chronometer corrections at the time of exchanges; and lastly on tlte combination of the latter values 
as found at the two stations. The difference between the indiscriminate and the weighted mean is 
small, generally less than O•·Ol. The places of stars are taken from the Berlin .Tahrbuch and sup­
plemented by the American Ephemeris and Nautical .Almanac, but corrected when indicated by 
the time observations. 

In the abstracts the personal equations are set down as tltey are needed or given by the longi­
tude results themselves before mid after interchange of observers. To obtain their equatorial 
values they would have to be multiplied by the cosines of the stars' declinations. No attempt is 
here rna1le toward a discussion of personal equations beyond the tabular collection of certain 
comparative results; nor is there any discussion of the time of transmission or of wave, armature, 
and relay time, for the reason that in most cases precise data are wanting, such as material, size 
and length of line wire, and presence or absence of repeaters. 

The abstracts of the differences of longitudes are presented in chronologic order, and of the 
two stations of each measure the western one is always named first, and since west longitudes are 
taken as positive, the differences of longitudes are all of positive sign. 

AB8TRACT OF RESULTS FOR DIFFERENCES OF LONGITUDE BETWEEN STATIONS COMPOSING 'l'HE 
TELEGUAPHIC LONGITUDE NET 01•' THE GNITED STATES, 1866-1896. 

[First cable connection with Europe.] 

(!) t<> (3) DIFFERENCE OF J,ONGITUDE llETWEE:\ CALAIS, ME., AND GIU'.:ENWICII, ENGLAND,! VIA !IEAln''S 
CONTENT, TRI~'I'IY BAY, NEWFOUNDLA:ND, AND FOILHOMJ\IEIWM, VALENCIA. ISLAND, IRELAND. 

Tho whole work wat1 in charge of Dr. B. A. Gonl<l. 

I·-·· --- Date. i Weste_r_n_e-nd o~ I£astcr~1 ~:.~ ~~ -; 

-----------
'rransits al- Observers nt-

1

1 
line at- line at- 1·-- i 

West end. I<;ast end. _ I West encl. 

1--( I)- ~;~:-Oct-:-;:-~;--, ~~ar~~-0_1_1---l-~o-i-lh_o_1_11_m_e_r ___ I Tr. No. 6 and Tr. No. 4.1-~:~:--;;~a;;~ 
i and November. tent. um. 

1 

I I (2) 1866, ~ovcmber. 

December. 

Foilhomme r­
um. 

Calais. 

Greenwich. 

Heart's Con­
tent. 

: Tr. No. 4 

Tr .No. 8 

" Tr. Circle. i B. A. Gou 1 d 

" Tr. No. 6. 

! a 11d A. T. 
Mosman. 

C. 0. Bou­
tel le and 
S. C. Chan­
dler. 

East encl. 

B. A. Gould 
and A. T. 
Mosman. 

Various ob­
servers. 

E. Goodfel-

lo~-J 
•The transit instruments wore not ,·ery different i u construotiou mul optical powor. 'Vi th the exception of Nos. 

18 an cl 19, which were com1tructed at the Survoy instrurnen t shop in 1887-88, thoy were made by f;itnms, of London, 
between 18-18 and 1852. Nm1. 3, 4, 6, 8 huNe an aperturo of 7 cm., a focal length of 115 cu1. with a magnifying power 
approximating 100. TranHit No. 5 appeart1 to have been somewhat smaller. With tlrn introduotio11 of Xos. 18 and rn 
a marked improvemeut in the res11ltt1 bocame apparent. 

t For detail account Hee Coast Survey Report for 1867, Appendix No. 6, pp. 57-133, by Dr. B. A. nould. This 
report waft alHo printed b~' the Smithsonian lnstitntion, see "Contributions to Knowledge" No. 223, Vol. XVI, 1869; 
see also American Journal of Scitmce, n. s., Yo!. XLIX, 1870, p. 228. For remarks of a general nature bearing on 
the earliest eable longitude work see Coast Survey Hoport for 1866, part 2, p. U. In the dit1cussiou of later trnnsat­
lantic <fotcrmination in tho Heport of 1872, A"!Jpendix No. 13, a111l the Ifoport of 1874, Appouclix No. 18, tho results of 
the determination of 1866 are again referred to. See also Coast all(l Geodetic Survey Heport for 1884, p. 410. 
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No interchange of obserwrs during tbe longitude work took place. The part taken l>y 
Assistant George Davidson (placing the land line l>etween Calais and Newfoundland in proper 

· working order) is descril>ed elsewhere in the detailed account. 

(ll DIFFEHENCE OF LONGITUDE llETWEEN HEAR'l"S CONTENT ANJJ FOILilOM::.IERCM. 

·--,------------------------ ·-- -

I 
Remarks. I j 

Difference of t1'0R1e1•rlto11cll-'. Seconds of Cot~nection through cable o.f 18651 length 3 518 1".rans.ntis- 1' 

: I -
observer. observer. 1 't d 1 ~,\ ktlotnetres, or 2 186 Hnghsh nnles; through I 51011 ltiiie. 

ongi " c. Obsen·cr. I cable of 1866, length 3 434 kilometres, or 2 1:14 

_ _ __ ·-· . ---- _ __ _ _ J<:nglish n1iks. _ · ] 

Date. I \Vcstern , l~nslern 

; I 

1 -J~i'\, r ~-1~- I 

Ii. 111. s. s. s. I I 
2 .SI 56·43 -·-0·02 56·45 I Cable of 1865, earth and conclcuser. 

s. 

28 ~ G 

I 
Nov. 5 1 

' M 
6 I i:: .M 

·44 -+·0·02 ·46 \' " ,, ll " ' ' 

·44 ·44 [ Cables of 1865 and 1866 joined, no earth. 
•42 ·42 4, '' '' II II 11 11 11 

·44 ·44 / 

0·314 
·343 
·28o 
·248 
·240 j 9 (.!) M 

--;-;---- ----~442 I ±o'.005 
I 

1-----: 
Mean ; 0·285 : 

I j 
··----- ----· -----------·- --··-··----· - -- -------· I 

Mean 

Comparison for personal equation between Dean and Mosman, made April 10 a11d April 23, 
1867, give the result D-llf = +o•·ll ± 0•·02 and the comparisons for noting the motion of the spot of 
light• gave from the Valencia observations for Mand G the value 0•·271± 0•·004, and from the New­
foundland observations for ]) the value 0•·335± 0•·005, hence correction to 6 A. for difference in 
perceiving cable signals~ (0·385-0·271)=+0•·032±0•·005 and 6i\.=2h 5tm !:)6•·442-0•·110+0•·032. 

LI.A, Heart's Content ('1'11um)-Foilbommerum (T)=2h 51 111 [)6•·:~64::!:0•·020. 

(2) DIFFERENCJ! OF LON<.HTlTDJ' llETWF.E:-< J<'OILH011MimU:tl AND (;JrnE~WlCILt 

--------- ----------.-----
Num!Jer of-

- ·1·- -
I -I 

Date. [ Observers. Difference of 
lottJ,,ritude. 1nc-run1 

or 
western 
signnls. 

Green· i l.cn~th of cable (ncross channel from Irelnn<l to 1. Trnnsmis­
wich \Vnles and Straits of Vnlencia) nnd lnnct tines. sion ti111e. 

I I 
or 

eastern 
signals. i 

I 1-1-------:---- -
1866. . II. 111. s. 

Nov. 5 
13 

Various. 
- -~I~ ~kHo:,,~,,,- ------ --1- ~::: 

Mean o 4 I 33 ·29 ± 0"03 (estimated). 
_______ \_ 

In the report for 1872 Assistant J.E .. Ililgardt estimated the correction to this value for 
personal equation l>etween :Mosman and Dunkin through intermediate comparisons involving 
ol>servers Criswick and Blake to be a~out +o•·05 to which may be assigned an uncertainty equal 
to itself. 

H.esulting LIA, l''oilbommeruro (T) - Greenwich (T. C.) = 41m :m•·34 ::l 0"·0G. 

• Signuls wero receiveil liy Thorn11011's mirror nnd 11ee1\fo galvanomet11r. Tho two e11blcs are known aH the 
English cables. 

t In consequonco of tho woo.knees of this clotcrminntion, n now trnnsntlnntio meastuo wu8 contomplutcd, but 
this becarno unnecessary through the timely work 11y C:m:ulinn and English onsen·ors in the yee.r 1892, when 
}lontroul was connectod with Greouwich, thus soc11ring 11 fourth conuoctiou between tho Amoricu.n nuu European 
longitndes. 

j United Stutes Const Survey Report for 18i2, Appendix ::\o. l::l, p. 234. 
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(3) DIFFERENCE OF LONUITUDE BETWEEN CA.LAIS AND JIEART'S CO:STENT.' 

~-----------------------------------------------------~ 

II Observers at- I 1' \ I 
Date. 

I--------- Difference of Reduc- I Seconds Length of land wire and cableconnect!ons Transmis-
1 llgt•1 de t" n l n of A, I 754 kilotnetres, or I 090 s

1
.tanet.ute nules. .,.011 lt"ttte .. 

I ___ , ___ c_'· __ [ H. c. J 

0 

u · [ 10 ° .
1 

~A._, __ T_h_e_re_w_e_re_3_r_e_r_ea_t_e_r"_'_n_1 _____ , ______ 
1 

I
- 1866. j I "· "'· s. I s. 1 

Dec. 11 Chandler. ] o 55 3r89 -0·04 - 3r85 
12 Boutelle. 't:! . [37"53]1 rejected on account of clock rate. 

s. 
0·24 
0·31 
0·27 
0·28 I 

14 Boutelle. 0 I 3]"89 37"89 I 
16 Chandler. 8 37"78 

1

. -0.04 37"74 , W = )( 

L. M~an. 1~;--1-- ±3~:~~ I 
------'·----'--_1 _______ J 

•See note 2 on precr.dlng page. 

The expression for the personal equation B. - C. = - 0•·04 was supposed by the observers 
to be tlie best representation, though observations made in April, 1867, gave B. - C. = 0•·15; an 
estimated probable error of ± 0•·05 is assigned to the value. For personal equation B. - C. 
= - 0•·14 ± 0•·02. 

Date. 

·-----
1869. 

Feb. 9 
14 
15 
17 
18 
22 
24 
25 I 

26 ! 
27 i 
28 ' 

I 
! 

Resulting LIA., Calais (Trnr.G) - Heart's Content ('f1Bf.G) = [)5m 37•·86 + 0•·14 
= 55 38 ·00 ± 0•·06. 

(4) DIFFERENCE OF LONGITUDE B:ETWEEN SALT LAKE CITY, UTAH, AND O:llAHA, NEBR. 

~.It, 0 

---

I 

I 
~ d ! 0 

'" ~ <II 
0 

I 
] ~ l (.') 

c.:i w 

I-"'rotn I! Fron1 I Mean of Corr'n I Difference of ,. 
~:·f~el~~k~r e:g::;;i:aor W-H W. and E. pe:~~nal longitude p. v. 

City signals. · signals. signals. equation. 
1 

AA 

lz. m. s. / ,,. m. -=-· - -,.-- ~~--::,---~.--- - --~~ -- IL. m. s. -- --,.- -1 
l 03 49"359 

1

. I 03 49· 128 0"23 I I 03 49·243 i-0·032 I 03 49·275 + · 162 
·155 48·917 ·238 49·036 ±0·005 ·068 ·045_ 
·122 I 48·846 ·216 48·<J84 ·016 • ·091 
·18o 48·929 ·251 49·055 ·oS1 J ·026 
·3o8 I 49·035 ·213 ·111 ·203 _ + ·090 
·253 48·970 ·283 ·112 ·144 I + ·031 
·218 I 48·989 ·229 ·w4 ·136 I + ·023 
·217 I 48·921 ·296 ·o69 "IOI ·012 I 

·213 48·945 ·268 ·079 "Ill,. "002 
·152 48·911 ·241 ·031 ·o63 ·050 
·145 48·872 ·273 ·009 ·041 I ·072 

------------------- ---------
Mean 0·26o l 03 49·o81 

±0·015 
! 03 49·113 I 

I 
--------~---------~------- -----

Weighted mean l 03 49· Il3 ±050015 
±o ·005 

Transmission time 0•·130± o•.002. 
Personal equation adopted D.-G.= -0•·032:1: 0•·005; it is derived from the following obser-

vations, resulting from direct comparisons, viz: 

April 9, 111 1867, at Cambridge, D.-G. =-0•·011±0'·020} 
July 1, 1867, at Washington, " =-0•·025±0-·010 } 
March 19, 1868, at New Orleans, " = -08·046::!:0-•013 Mean-0'·032::!:0•·005. 
May 13, 17, 18, 1870, at Cambridge, " =-0'·033±0-·012 

At Salt Lake City transit No. 4 was mounted over the station selected by Assistant G. W. 
Deu.n in January, 1869, in the southeastern part of Temple Block. 

At Omaha transit No. (i was placed over the n~w station in the grounds of the Capitol~ after­
wards known as the High School grounds. 

LIA., Salt Lake City (T1oor90)-0maha (T186irs1)=111 03m 49•·113::!::0•.0W. 



Date. 

Jan. 

Feb. 

)_ 
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(5) DIFFEHENCE OF LONGITUDE BETWEEN CAMBRIDGE, MASS., AND DUXBultY, MASS.a 

··-

\ Observer at- Front Fron1 

I 
western or eastern or W-J<; Cambridge Duxbury 

c. D. signals. signals. 
I 
1--- -·-------- ----

o. I s. s. s. 
14 i l !0°381 l 10"294 o·o87 
15 ·385 ·334 ·051 
23 i ~ 

·525 ·456 ·069 
I I 

.5 ·440 ·407 ·033 
3 £ ·296 ·263 ·033 ..... ~ 6 ' "' ·284 ·274 ··ow ;:l 

._ 
28 i <: 'O ·338 ·325 ·013 8 10 ~ (.? ·502 ·4go ·012 

3 

2 

w w 
i 

I 

I I 

--- --· 

Mean of Correc-
w.andE. tiou for 

t>ersonal signals. equation. 

-----------

s. s. 
I !0"337 -0·145 

·36o ± ·007 
·4go 
·423 
·28o 
·279 
·331 
·496 

I 
-----

Me:.n 
I ____ _! __ 

'Veighted mean 

---·-----~ 

of 
p. ''· 

···---· 

Difference 
longitude 

A/\ 

-·-···--

s. 
!!0"19 2 

5 
5 
8 

·21 
·34 
·27 
·13 
·13 
·18 
·35 

---
lro·23 

5 
4 
6 

0 

l ro·23 0 ± 0""021 
±o ·007 

s. 
-0·038 

·015 
, 'I 15 
+ ·048 

·095 
·096 
·044 + '12! 

a For result by Prof. J. Lovering see :Memoirs of the American Academy, Cambridge, January, 1873, Vo!. IX, Art. XVI, "On tho 
tloterminntion of transatlantic longitudes by mean• of the telegraphic cablOI!." See also Const and Geodetic Survey Report for 1884, Jl· 412. 

Trausmission time =0•·019 (average). Length of connecting wire 71 km. or 44 statute miles . 
. The pen;onal equation is derived from direct comparisons made at Cambridge in May, 1870, 

whence A-G=+ 0•·145±0•·007. 
At Cambridge transit No. 5 was mounted in the grounds of Harvard College Observatory 

13·41 metres or 0•·039 west of the center of the dome. 
At Duxbury transit No. (.i was mounted at a station 2G9 metres BNE. from the cable oflice. 

L1A., Oambridge (D)-Duxbury (T1869)=1m 50s·l!H±0•·022. 

[Second cable connection with Europe.a] 

(6) Dll<'1''EHENCE OF LONGlTUDl> BETWEEN DUXBUHY, ~IASS., .AND HUEST, FRANCE, VIA ST. PIERRE. 

1~·· Western end 
of line. 

Duxbury 

Eastern end 
of line. 

Transits at- ___ I_____ Ohsc~:~:~~=-----,1 

1~;~~tatio1~:-1_~~~~io~1-.-\~ux\m~·-. - ----- - ----··!;~~st. .. 
I 
I 

Brest I Tr. No. 6 'l'r. No. 4 E. Goodfellow G. W. Dean ~~~°Fob 
----~---------------------- ------------

a Tho cable is known as the Fronoh cnblo of 1860. 

No iuterchange of observers took place. 'rhe signals passed through the two cables joined 
at St. Pierre. For details see reports by Assistant J. K Hilgard in the annual reports of 1872 
and 1874;• The Duxbury station was established in November, 1869, about 269 metres ENE. 
from the cable office. 
··--· --------··- --·-----·- ------- ------- ·---------------

*Annual report for 1872, Appendix No.13, nnd annual report for 1874, Appendix No. 18; see o.lso Memoirs of tho 
Americo.n Academy, Co.mbridgll, .January, 1873, Vol. IX, A.rt. XVI, "On the determino.tion of tro.ns-Atlantio longi­
tmles by means of the telegraphic cables," by J. Lovering. 
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JJIFFEREXCE OF LOXGITt:'DE BETWEEN DUXIlURY AND BREST. 

---------- -------
- --Rema;~~---1 

same night. 

I I! 

Fron1 signals of I Fron1 signals of II ~lean value 
Clnss II. Class III. I A>. Dal<..·. 

--- ---- ----- 1;------ - 1------
1t. m. s. It. m. s. 1: II. m. s. 

I 
Titnc observations 

. . . . . . . . . . . . . . 4 24 42·746 ·1'1 4 24 42746 
4 24 42·893 ' 42·879 I 42·886 

I870. 
Jan. 5 

8 
9 

10 
17 
22 

T at Brest only 
Tat Brest only 

24 T at Brest only 
26 i 
28 I 

Feh. 9 I Tat Brest only 
IO I 

:Mean of 7 nights, transits at both ends 

42·895 42·858 : 42·876 
42·515 42·4<j8 42·5o6 
42·892 42·977 42·935 
42·853 4yo16 42·935 
43 ·038 43·148 43 ·093 
43"10! 43·188 'I 43·144 
43·152 43·276 i 43·214 ' 
43" !OS 43 "o68 I 43 •o86 ! 
42·645 *42"663 42·654 ' 

··-- ··----- ----
It. 111. s. s. 

" " 4 " " " Brest only 
4 24 42 ·922 ± 0.05 I 

42·905 :::!: 0·093 
42·918 :!:0·045 

-0·033 :::!: 0·012 
\Veighted mean, results of I I nights 
Correction for personal equation 
Correction for difference of noting signals 
(a) Resulting LIA. Duxbury (T)-Brest (T) 
Reduction to the tower of St. Louis at Brest 
LIA., Duxbury (T.)- Brest (To. of St. Louis) 

-0·018 ± 0·006 
4 24 42·867 :::!: 0·047 

+o·409 
4 24 43 ·276 ± 0·047 

l _ ---··----- ---------- ------------

Signals of Class II have a du­
ration of half a second, and 
the obsen·er notes the time 
when the spot of light begins 
to move .from the center. 
Signals of Class III are alter­
nate of + & -- current, of 
5 seconds' duration, the light 
moving toward the center. 

*From signals of rn' duration. 

Length of cable Duxbury to 
St. Pierre I 389 km. ( 863 st. · 
miles); St. Pierre to Brest 
4 78I km. (2 971 st. miles). 

Transmission time Duxbury to­
St. Pierre 05 "I4; St. Pierre 
to Brest o'" 36. 

(al Coast Survey Rnport for 1874, p. 180, und Coa"t atul Gco<intic 8un·cy Report- for 188l, p. 412. 

[Thir<l cahl<i connoction with Enropn.] 

(7 TO 11) DIFFERENCE OF LONGITUDE BETWEEN CAMBRIDGE, -:llASS., AND GHirnNWICII, JcNGLANll. VIA CAPE 
BRETON, ST. l'ffiRirn, BIU:ST .A.ND PARIS, FRANCE. 

The eastern part of the work was in charge of Assistant ,J. K Hilgard, the western part in 
charge of Assistant G. W. Dean. The work at Greenwich was supported by the astronomer 
royal, l\fr. Airy, and at Paris by the director, Mr. Loewy. 

i 
(7) I July 

1872. 
I to I I Greenwich Brest 

(8) July 1 to 22 Brest Paris 

( 9) July 9 to 23 St. Pierre Brest 
(IO) l Jnly 2I to Aug. 9 Cambridge St. Pierre 
( 1 j Aug~~~ to S~p~-~o I Greenwich___ Paris_ 

'fr. Xo. 4 Tr. Circle 

: Tr. Xo. 4 

I Tr. No. 6 

I 
Tr. No. 5 
Tr. No. 4 

i 

Mer. Tel. 

Tr. No. 4 
Tr. No. 6 
Mer. Tel. 

F. Blake 

F. Blake 

Observers at-

- -- - - - I 
East station. ! 

_I 
I 

Various observers I 
referred to G. 
S. Criswick as ,1 

standard . 
L. F. Folain and ' 

other observers 
E. Goodfellow ).". Blake 
E. Smith E. Goodfellow 
F. Blake L. F. Folain 

No interchange of observers took place in any of these lines. For details of results see 
Coast Survey H.eport for 1872, Appendix No. 13,• and Heport for 1874, Appeudix No.18.t The 
lengths of the electric conductors between the above stations, and the transmission times, are as 
follows: 

Ito Greenwich 
I ~~~~~ to Paris 

km. or statute miles ' i 
s. s. I 

St. Pierre to Brest 
Cambri<lge to St. Pierre 
Greenwich to Paris 

4 794 
! I 753 

Transmission time 0·037 :±:: 0·004 I 
0·037 c!: 0·003 ; 
0·351 =--= 0·003 
0·163 ± 0:004 I 
0·070 ± o·oo6 

•Preliminary report on the detormination of trans-Atlantic longitudes, by .J.E. Hilgard, assiHtant, pp. 227-234. 
t Transatlantic longitudes. Final report on the determination of 1872, with a review of previous dotorminations; 

liy J.E. Hilganl, Assi11taut, Pl'· 163-242. 
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(7) DIFFERENCE OF LONGI'lTDE llET\VEEN BHEST, FRA"°CE, A:l/D GREENWICH, ENGLAND. 

I. D-.~t-c.·- - -~serve~,:;_-·, ~:om -west or i F~om ~ns.t or I lllcnn of :Corf~~tiou !I Difference of 
" - --··- Brest signals. i (,r!'cnw1ch .. W-E W. nnd E. I perso11Rl longitude p. I 

B. c;. I · signals. I signals. equation. ilA. 

1 1872. - - ---1- ----i-,,,.- s. 111. s. -r~~- -,,,_ s. I-- .... r i ,,,_ s. ---- --· s. 

July i ~ 17 57"194 17 57'097 ' 0·097 i 17 57·146 I fl ' 17 57'207 I +0·053 
3 [:: ·177 5j'o66 'Ill I ·122 i - ·183 I I + ·029 

''· 

4 - ~ ·157 57·oso ·077 , ·us '8 ·179 1 : ·025 
5 ].g ·071 57'036 ·035' ·0541 .. 0 ·115 ' I I ·039 ' 

II o.i .f~ '102 56·951 ~-1--~~----~---~~: __ 1 __ 1_--~o67 __ 

~ ~1 Mean 0·74 I _J 1:_:1_54_1 __ j_ _· 

\Veighted mean 17 57'154 ±0'·015 
±o ·016 

-~----------~-------·---------------· - ----· 

i 
I 

_J 

'l'he reduction of the station at Brest to the tower of St. Louis is + 0•·444, the tr.insit lwing 
cast of the tower; at Greenwich the station is coincident with the meridian of zero longitude . 

.d;l., Brest ('l'. of St. L.) - Greenwich (Mer.)= 17111 57•·598 ::!: 0•·022. 

(~) DIFFERE!\CE OF LONCHTt.:J)E BETWEEN mrnsT, FRANCE, AND l'~IUS, Fl~ANCE. 

Date. 

.Ol1serversat-! --- ----- ·-· I 1· 

I 

Fro1n From ::\1enu of Corrin ! DifTerencl.• of 
wc:t~e:.~~ or en~~~·ri~ or \\'-H , \V. and E. pe/.<.;~rnl , long~tude ; p. 

__ 1_'·-:- sig~ial~-- ! __ signnl~ -------1--s-ig_u_n_ls_. _,_ equati~1~!---~----i _____ ·---· 

"· 
II. 

1872. m. s. m. s. s. m. s. m. s. s. 
July I 27 18·248 27 

3 ·299 
4 ·209 
s c ·365 
9 

·o; ·403 .; 0 19 ,,!<: t.:.. ·230 
20 ~ i;; 

·363 
21 ;::; ·248 
22 ;.:. ...:i ·219 

18·208 0·040 27 18·228 27 18·187 . ·0'022 
·236 ·o63 '268 ~ ·227 I I ·018 
·167 ·042 ·188 . ·147 ti ·062 
·262 . 103 ·314 ° ·273 .g, _, ·o64 
·318 ·oS5 ·36o I +1 ·31 9 , -~ ·110 
·149 ·081 ·190 ::;. ·149 I ~ ·o6o 
' 0 IO '0·3 ·336 ? ·295 . · '086 _, ;, . I • . ell , 
·165 : ·o83 ·206 9 ·165 I g. : - ·044 
·1o6 ·113 ·162 1 ·121 w , - ·088 

Mean _i _0:7_4 -; _27 ___ 1s·250·1-----~8·209 - --~t~~----

L __________ . 
\Veighted mean 18·209 ± 0'·016 

:i: 0'·034 

The reduction at Brest of the sta.tiou to the tower of St. Louis is + 0•·444, the transit being 
east of the tower; at Paris the meridian instrument of the observatory is O•·l~ east of the meridian 
or France, which is also known as that of Uassiui.• 

.LlA. t, Brest (T. of' St. L.)- Paris (M. of F.) =27m 18•·533 ::l.: 0•·038. 

•Const Survey Report for 187-i, pp. 169-180. 
t In 1863 the difference of lon~itlllle of the tower of St. Loui:i nt Brest nnu the center of the Paris ObsC1rvntory 

wns doterminccl tclegrnphicall~· under t-he di ruction of L11 Verrier, who fonncl 27'" U~•·4!J; sec Annulcs tic l'Ol>serrntoiro 
de Paris, Vol. VIII, 1866, p. 27!J. The obscn·ors wern Lo Verrier, Folain, nncl Lopi8sior. No probable error is given. 
No use has been rnaile here oft.hat re8ult. 

()!)8.1--14 
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(91 DIFFERENCE OF LONGITUDI•: liETWEEN ST. PIERRg ISLAND, MIQUELON GROUP, AND liREST, FHANCE. 

Observer at- Fro111---, -:'rom . Mean 0;-1o~ecti:-Di~~rerice 0-~--1-·---i 
_ western or j eastern or I 1 for · ' I 

I 
St. Pierre i Brest W-E w, and E. I personal longitude ; p. I: v. 

____ ,_s:~~-i-B_. __ signn~-1 signals. --- signals. 1 ~.:.~atim~·- .i.>.. __ ... 

1872. I : /1. 111. s. .111. m. s. s. 11. m. s. I )I;' 11. m. s. s. 
July 9 · 3 26 45·665 3 26 44·415 1'250 3 26 45·040 ~ 3 26 45·055 0·5 ' -0·189 

12 --~ ·677 ·464 ' ·213 ·071 ' () 'o86 0·5 ·158 
14 ·884 '66o I ·224 ·272 I +I ·287 I -I· ·043 
17 :a <Ii ·884 '70I ·183 ·292 ~ ·3071 + ·063 

~~ ~ ~ :~1~ :~~~ I ::g~ :~~; ~ :~~~ + :~~ 
23 r4 :,,; ·86o ·665 l~~--~~-~-----~1---~~~l 

Date. 

I
. Mean : 1·201 3 26 45·204 ,3 26 45·219 [ 

. i I L _l ___ I_ __:~ighted moan 3'6 45 '44 :!' :;:; _J 
For transmission time, 0•·351 ± 0•·003, see Ooast Survey Report for 1874, pp. 173-174. 
The value for personal equation is derived from numerous direct comparisons.made at Cam­

bridge, each observer using his own instrument aud the same stars. 'rhe personal errors .for 
noting cable signals were found for Blake observer 0•·238 ± 0•·004 and for Goodfellow observer 
0°·250 ± 0•·002, hence correct.ion to LJJ.., 1 (0·259 - 0·238) = + 0•·010 ± 0•·002. 

Ditforence of longitude St. Pierre and Brest 311 26111 45•·254 ± 0•027. 
lfoduction of.trausit at Brest to tower of St. Louis -0·444. 
L11, St. Pierre (T.)- Brest (T. of St. L. )* = 311 26"' 44•·810 ± 0·027. 

(10) DIFFgRENCE OF LONGITUDE liETWEgN CA~lBRIDGE, MASS., AND ST. PIERRE ISLA1'W, MIQUELON GIWUP. 

1-- -1 --------1-

, Observer _at-1 From From I !\.lean of 

--------·------· -------------------.. -------~ 
I 

1 Date. 

1

:______ western or eastern or W-E \V.nnd It. 

I 
Ca111 bridge St. Pierre . 

C. S. I'. signals. signals. signals. 

--- ·1-----:-- ----- ----- ---1·----~ .. -
J~~~2021 ,. ! " ;~ 4S:987 ;~ 4S:653 ~:3341

1 

;~ 4S:820 I ~ ~ ;~ 4S:763 0·5 +~:059 
23 ~ 48·934 ·65 I ·283 '792 . ~ '7.~5 I 0·5 ' ·031 
28 ' ~ 48·909 ·567 ·342 . ·738 . -H ·681 : - ·023 
29 : .s '°O 48·894 '004 '290 '749 I "' '692 - "012 

Aug. l ' '§ 8 49·oro ·657 , ·353 1· ·833 i )5' ·776 1 + ·072 , 
6 (/) 0 48·8oo ·475 ·325 . ·637 I '6 . ·58o I - . 124 
9 :4 ;ii 48·982 ·6281- ·354 ____ ·Sos : __ 1_1 __ ·748 l __ i_ ~~~ 

Mean 0·326 59 48·768 i ±0•·018 j 59 48·711 \ 
, ______ I I . --------

Correction Difference of 
for 1 •t d personal ongt u e 

equation. I ~A 
! ____ , _____ , 

p. v. 

: I L ____ . 
Weighted mean 59 48·704±o"'Ol8 

:J::o''OII 

---------------------------------------~ 

The personal eq u.ation was derived from 11 nmerous comparisons made in October and November, 
1872, at Oambridgll, wllence G. - S. = - 0•·057 ± O•·Ol 1. 

At Cambridge the tranflit was mounted u·e.~t of the center of the dome 32·92 metres, or 0•·096. 

LJA, Cambridge (D)-St. Pierre (T)t=59m 48•·608± 0•·021. 

•Coast Survey Report for 1874, p. 172, and Coast aud Geodetic Survey Report for 1884, p. 413. 
t Coast and Geodetic Survey Report for 1884, p. 413. 
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(11) DIFFERENCE 01'' LONGI'l'UDE BETWEEN GREENWICH, ENGLAND, AND PARIS, FRANCE.ii 

Observer at- Fron1 Fron1 Mean of Corr'n I Difference of 
western or eastern or for 1 • Date. Greenwich Paris w~a w.andS. personal longitude p. v. 

G. P. signals. signals. signals. equation. 4 .1. 

- -·- ------ -------- --- ------ ---
1872. i::i tn. s. m. "-· s. tn. s. tit. s. s. 

Aug. 28 ·a 9 21·113 9 20·934 0·179 9. 21·024 :;. ~ 9 20·gS3 l +0·023 
31 ~ & ·064 20·895 ·169 20·98o pp 20·939 l - '021 

.!<I 
Sept. 7 "" ·125 21·007 'l 18 21 ·o66 ~~ 21·025 I i ·005 

9 iii ~ •oo6 20·852 ·154 :m·929 I -ti 20·888 I - ·072 
IO ~ ....:1 ·043 20·965 ·078 I 21 ·004 I 20·963 I + ·003 ! 

---·---------------------1 
I Mean : 0·140 I 9 21 ·001 . ±<>'·016 I 9 20·96o 

1 

I l 
I 
I 

I I 
Weighted mean 9 20'g00 ± 05 '016 

±0''034 
---·-----

a Const Snr\'oy Report for 1874, pp. 177 an<l 178, 

At Greenwich transit No. 4 was mounted in the park of the observatory on a pier 0•·160 east• 
and 1"·74 south of the Greenwich transit circle. 

At Paris the meridian telescope (lunette meridieune) is 0•·12 east of tl.Je meridian of France; 
hence reduction to standard meridians of the observatories +o•·04 and 

Date. 

L1i\, Greenwich (Tr. Cir.)-Paris (Mer. ~f Fr.)t=9m 2l•·000±0•·038. 

(12) DIFFERENCE OF LONGITUDE BETWEEN ATLANTA, GA., AND W ASHJ:NGTON, D. C. 

Observers at- From 
western or 

A. W. signals. 

From 
eastern or 

\Vnshington 
signals. 

w.-E. 
Mean of 

w. and a. 
signals. I 

Difference of 
Perso.nal longitude 
equation. 4 ,1. 

p. v. - I Atlanta 

-Ja-\-~7-. 9-~-5-,~--.11 _.g_ ;~ ~i':o5-1-~-,~-. -2o_s_:9_7_, __ o_·~-. ---· -2-,;-· _2_/_0-10-[
1

-;~.o-3_6_ -;~.-2-/:·6· 
29 Q ·- 21·og 20'99 'IO 21'040 21·076 

Feb. 1 · E 21·15 21·03 ·12 21·ogo 21·126 
7 ::: (/) 20·95 20·81 · 14 20·880 ' 20·916 

4 
3 
5 
2 

s. 
-0·023 
+ ·007 
+ ·057 
- ·153 
+ ·032 8 cj '4 21'II 21'02 ·og 21·065 21'IOI 3 

Feb. 15 : 
28 : 

Mar. I ! 
51 
7 
8: 

..d 

.~ 
E 

(/) 

w 

' i:: 

"" IU 
Q 

' ::£ 
ci 

I ___ _ 

29 21·34 29 
21 '21 
21 ·14 
21·13 
21·07 
21'IO 

Mean ~- 29 -;1·m7 J 

21·26 I ·oS 29 21·300 I -0·036 21·2641 2 + ·195 
21'11 'IO '160 21'124 3 + ·055 
21 '04 • 'IO ·ago 21 ·054 3 - '015 
21 ·03 I 'IO ·oSo 21 ·044 2 - ·025 
20·98 I ·09 ·025 20·9891 2 - ·oSo 

21'02 !~-----·o6o -------- 21·024 __ 1 __ -0~~ 
Mean I o·og2 29 21·u9 29 21·o69 i I 
\Ve1ghted mean 

---'------------------------·----
. . *Both the Const Survey Report for 1872, 11. 229, and tho Const Survey Report for 1874, p. 177, give "west," but 

the computation and reduction, p. 230 of the first-named report, and the rcco1·d us corrected by Assistant Hilgnrd 
show it to have been "east." For result see Coast aud Geodetic Survey Report for 1884, p. 413. 

t At tho time of writing tho difference of longitude between these observatories has not yet been definitely 
ascertained, chiefly on account of tho persistent difference of the values by the ~nglish and French obsen·ers. 
There nre several direct o.nd indirect results on record; thus oigbt values given in the monthly notices of tho Royal 
Astronomical Society, January, 1891, vnry between tho limits gm 2()1·g2 and gm 21"·09 (the value of 1854 being 
omitted), whereas tho values of the English and French observers in 1888 were gm 208·85 and gm 21•·04, and again in 
1892, gm 2()1·84 nnd 9111 21•·05, raspectively. In the adjustment of the European longitude not b;v van de Snndc 
Bakhuyzon (Astronomiscbe Nacbrichton, No. 8202, October, 1893) two reductions are made-one with the introduction 
of the value gm 20•·83, the other with gm 21••03; the corresponding ll{\jnsted values were gm 20•·93 and g·u 21"00. In 
my adjustment of tlw American s~·stem of 1884 the rosnlt WUR gm 20'•9fi. Iu view of these circumstances, there is no 
reason why the above 1872 value should not be introd11ce1l with advantage in the present adjustment. 
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Transmission time: 0•·049 :.I: 0·002. 
Personal equation: D.-S. = - 0•·051 ± 0•·016; same from weighted means, - 0•·03G. 
At Atlanta transit No. G was pnt over the ol<l statiou of 1874; it is west of the City Hall. l:Q. 

1896 the station was 0•·001 east of that of 187 4. 
At \Vashington transit No. 8 was mounted on the pier of 1878 in the grounds of the United 

States Naval Observatory, old site; it is 44·714 metres, or 0•·124, west of the center of the small 
dome over the main building. 

LJA., Atlanta (T1896) - Washington observatory, old site (D) = 29lll 2l8·192 ± 0•.016. 

(13). DIFFERE::-ICE OF LONGITUDE BETWEEN NASIIVILLE, TENN., AND LOCISVILLE, KY. 

Obscrversat- 1 From ' From 1 I --!------j---, ---------, 

I 
1 Mean of . 

1 
: Difference of 1 , 

--~-- 1 western or eastern or W.-E. ; W and E. Perso.1al , longitude : p. 11• 

N. 
I 

Nashville ' Louisville I sirrnals. 1~ equnhon. I, t..\ , 
I,. signals. signals 

1 i--------------1--·,------1- 1-- ' 
~~~~·29 ~ ~ "~· o/430 i ';· o/390 ! o.~40 I ·;· o/410 : +0·~55 1 ·;· o/465 8 -l 0·~14 
Dec. 1 ~ ~ :395 i ·370 I ·025 ·3821 ·437 5·5 ·m4 

6 ~ ~ ·330 I ·305 ' ·025 1 ·318 ·373 o·;; - ·078 

d :r:i i Mean ·030 -;-4-~4·370 ! 

Dec. II ci 4 04"56o i 
-5 "' 12 Q) 

~1 15 ·5 ~ 

(fJ ~ 
l:i ci 

L ___ L 
i 
I 
I 
i 

·020 4 04·550 : .,-0·055 ·495 0·5 + ·044 
·020 ·595 . •540 I ·5 _;_ ·o89 
·025 ·478 ·423 5·5 -0·028 

-------·-----------1----
Mean 0·022 j . 4 04·541 i 4 04·456 I ; 

W<igh<od ,:.:.n 4 04"45• ± o'·o'3 ~ 
Transmission time: 0•·013 ± 0•·001. 
Personal equation: D.-S.= - 0•.085 ±0•·015; ~amc from weighted means, - 0•·055. 
At Nashville transit No. 4 was mounted over the old station of 1877 on State House square, 

Capitol Hill, and east of the capitol 2"·572 or 0•·171. 
At Louisville transit No. (i was mounted over the new station iu the grounds of the 

university, southeast of the Boys' High School. 

Date 

187<)-So. 
Dec. 26 

1 Jan. 
i 

I 

I 
I Jan. 
I 

I 
I 

27 ' 

I~ I 
14 . 

20 

22 I 23 
24 
27 

;:171., Nashville (T1877 79)-Louisville (T11r,9_g3)=4"' 04•:451 ±0•·013. 

(14) DIFFERE:SCE OF LONGITUDE BETWEEN NASHVILLE. TEXN., AND ATLA~TA, GA. 

Observers at- J Fron1 I 
western or i 

Nashville I 

N. 

...; 
-::: 
·5 
(fJ 

!Ii 

= 03 
Q) 

~ 

~ 

A. signals. I 
------ ·----- i 

m. 

= 9 
03 
Q) 

0 

~ 
d 

9 
.... 
"§ 
(fJ 

s. . 
34·8o6 I 

·s94 I 
·962 I 

·847 i 
·sir ' 

I 

I 

34·670 I 
·76o 
703 
·545 
·684 

ea~~i~1 
or ll W--E----:~~~1 1~,~- .

1

: Personal 

1 

Di
1
ffer-;;1cde of I p. 

Atlanta .- ,. w, an< c. equation. . ongitu e ' 
signals. .s1gnals. Al\. 1 

~· 34';,,/ o~,, ·; ,.';go ~0;5 i ~· 34;,J~-
•868 i ·026 •881 •8o6 i 3 
·935 : ·027 ·948 ·873 2 
·813 ~ ·034 ·830 ·755 9 
·782 ' ·029 796 72 I 4 I _______ _ 

v. 

s. 
-0"044 I 

-+- ·047 
+ ·114 

·004 
·038 

Mean I ·030 _ -~~~849 
9 34·632 . ·038 9 34·651 I +0·075 ·726 2 ·033 

·732 I ·028 ·746 ·821 8 + ·o62 
"662 I ·041 •682 757 I 6 ·002 
·516 I ·029 ·530 ·6o5 I 2 - ·154 I 
·652 I ·032 ·668 ·743 , 7 -0·016 

l_ Me~~1J 0·034 _I ___ ~ -;_4 ·65~ -----~~~;---1----1 
I 

ci !Ii 

Weighted mean 9 34 ·759 ± os·o12 

Transmission time: O•·OHi ± 0•·001. 
Personal equation: D.- Sm.= - 0•·097 ± 0•·012; same from weighted means, = _:_ 0•·075. 
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At Nashville transit No. 4 was mounted over the old station of 1877 on State House square, 
Capitol Hill, and ettst of the building 2"·572 or O•·l 71. 

At Atlanta transit No. 6 was mounted over the old station of 1874; in 1896 the station was 
O•·OOL east of that of 1874 . 

._1;., ~ashville (T1377_79_n0) - Atlanta (Trn!JG) = 9rn 34•·760 ± 0•·012. 
(15) Dl.FFElmNCE OF LO:N"GITUDE BETWEE:S NEW OHLEA::<S, LA., AND NA!:illVILLE, '.l.'ENN. 

-I -~s~rvers at- From 
1

1 
From : I I 'II · r J 

I I western or eastern or Mean of, Personal Differ~nce 0 

Date ----- --···--i New Orleans I Nashville I \V.-E. ""::and b. 1 equntion. long-thtdc p. , I N. 0. N. 
1 

signals. . signnls. 
1 

signals. , AA 

i---· -·--;------1----:- -1--- _____ .. :---1 --1---' 
! }!~~·161· g I ;'; oS·692 J ;'; oS·~96 ! o·~6 I ;'~ 08·644 I -~:127 I ;'~ o8·~17 o ! 

19 .I:l ~ ·764 I ·688 ~ ·076 · ·726 . ·599 i 3 
21 .<;:: I ·s6o I ·762 ·098 ·sn I ·684 5 
23 ~ ;:i' ·s<)8 ·So4 I ·094 ·85 l ·724 3 
24 14 0 I ·862 ·772 i ·090 ·817 ·690 5 

Mean l~--;;-oB~770 I 
1-------: 

s. 

·078 
+ ·007 
+ ·047 
+ ·013 

Mar. 2 

17 
23 
24 
27 

13 oS·670 
·587 
·552 
·590 
·640 

13 oS·575 I ·095 13 o8·622 +0·127 ·751 0.5 I + '074 
·5o6 ·081 ·546 ·673 5 ·004 
·462 ·090 ·507 ·6.H 6 [ -- ·043 
·5021· ·oSS ·546 ·673 · 3 · - ·004 
·534 ~--- ·58~------2.'._~_! __ 7 __ 1 +0·037 -

Mean I 0·092 13 o8·562 13 08·666 j \ I 

I ____ _ 
Weighted mean 13 08·;-7 ~~,:~~- -~---_] 

'l'ransmission time: o•.046:1:08.001. 
Personal equation (omitting February 16 and March 2), D. -Sm.= -0•· 127 ± o•·OlO; same from 

weighted means, -O•·l!:l7. 
At New Orleans transit No. 8 was mounted at a station 12"·99 or 0•·866 east of the old astro­

nomic station of 1858. The 1880 station is also 0"·63 or 0•·042 west of St. Patrick's clrnrch. The 
station of 1880 was reoccupied in 1895. 

At Nashville trausit :No. 4 was mounted over the 1877 station, which is 2"·572 or 0•·171 cast 
of the center of the tower of the capitol. The station was reoccupied in 1880 and 1881. 

I 

188o. 

.:Ji\, New Orleans ('frnno.95)-Nashville (T1877.soin)=13m 08•·677 ±O•·OO!l. 
(10) DIFFERENCE OF LONGIT\J'DE llETW:EEN XEW OllLEANS, L~ .. AXD A'.l.'LA:NTA, GA. 

I 

I Observers nt-

I N.O. I A. 

Fr0111 
western or 

Xew Orleans 
signals. 

Front 
eastern or 

Atlnnta 
sigunls. 

W-li 
l\1enn of 

W. nud l\. 
signnls. 

I 
i Personal 
; equation. 

' 

Difference of 
longitude 

AA 
p. . -1 

' 
-----------1 

I s. 
Mc11. 3 

3 ~i 
43·411 I 

·392 
·370 
·339 

4 
5 
4"5 
9 

s. 
+0·041 
+ ·022 

Apr. 5 
6 

Apr. l 0 

2 

3 
4 
6 

l---'----'--
Transmhision time: o•·031 ± 0•·001. 
Personal e11uatio11: D. - Sm.= - O•·O!IO :le O•·OlO; same from weighted means, - 0•-()87. 
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At New Orleans transit No. 8 was mounted 12"·99 or 0•·866 east of the old astronomic station 
of 1858; the 1880 station is also 0"·()3 or 0•·042 1cest of St. Patrick's church. vYllen reoccupied in 
1895 the transit was over the 1880 station. 

At Atlanta transit No.() occupied the pier of 18i4, located in the grounds of the city hall and 
court-house; in 1896 the station was 0•·001 ea.~t of that of 1874. 

May 19 
20 I 

22 I 

LJi\, New Orleans (T189o_95 ) - Atlanta (T1900 ) = 22m 43•·371 ± 0•·013. 
(17) DIFFEirnNCE OF LOXGITUDJ<; IlETWEEX ATLANTA, GA., AND CHARLESTON, S. C. 

----· 

Personal Difference of 
equation. longitude f>. 

AA 

- ---1 

s. m. s. 
17 49·409 I 17 49·375 

·404 ' ·369 
·3 19 ·296 
·392 ·374 I 
·376 ·342 

2 -0·140 17 49·252 3 
6 ·246 3 

·168 4 
3 ·243 4 
9 ·219 4 
--

Mean 
-

ci 
"' 

17 49·049 i 17 49·020 
·o6o 

4 +0·140 ·174 
·213 

·029 17 49·03 
·026 ·07 

"· 

s. 
-+0·029 
+ ·023 
- ·055 
+ ·020 
- ·004 

·049 
·010 

v 
.;i Q 

·0861 
·194 ·164 I ·319 3 + ·096 ·030 ·17 

·020 ·018 ·02 
' 
! 23 ·5 

24 ~ (/) 

·038 
·1o6 ·o81 

~I= ~I ·169 4 - ·054 
41 ·234 9 I +0·011 i ;-1---1 ---:------1 

·02s I ·og 

0 w Mean 

L ____ :_ ·---------------- -
17 49·224 

I -- --
0·026 1~9·o8 

I 

\Veighted mean 17 49·223±o" 0 0IO 

Transmission time: 0•·014 ± O•·OOl. 
Personal equation: D.-Sm.=-0•·142 ± 0•·014; same from weighted means, - 0•·140. 
At Atlanta transit No. 6 was mounted over the station of 1874. It is located iIJ the grounds 

of the city hall or court-house and 29·90 metres or l"·l 62 or 0•·077 west of the cupola of the building. 
In 1896 the station was O•·OOl east of that of 1874. 

At Charleston transit No. 8 was set up at a station east of the orphan asylum and near the 
east end of the "Citadel" square. The granite post of 1880 is 8"·48 or 0•.565 cast of the orphan 
asylum cupola. The 1880 and 1896 stations are identical. 

LIA, Atlanta (T1800)-Charleston (T1980_96 )=17m 49•·222 ± 0•·010. 
(18) DIFFEl:EXCE <W LOXGITUDE BETWEEN WASIIINGTON, D. C., AND CAPE MAY, N .• J. 

I I 

: Observers at-! Prom 
· --·-1 western or 

I 1 i '\Vashington 
: W. j C. M. ! signals. 

~~~I.: l--,--·--1--;-29·;9i-

7 = I ·315 
9 .::; 2 ·328 

10 - i::: ·287 
II ·5 . ·406 

(/) :::: 
w 

May 20 
24 ;;; .is v 
26 Q 

271 :::: 
ci 

0 

.ci ..., 
·5 
(j') 

i w 

8 29·019 
•o68 
·038 
·100 
"!06 

Frotn 
eastern or 
Cape May 

signals. I 

, , I 
' I Mean °! i Personal 

W-E w .. and !'<. I equation. 
1 

signals. 
; I I 

---1--··--- ----·--·· :----1 ! . 
m. s. s. m. s. s. 
8 29·3771 0·017 8 29·386 --0·136 

·2g6 ·019 ·305 
·311 ·017 ·320 
·272 ·015 ·28o 
·387 . "0!9 ·396 

Mean : ·017 i 8 29·337 

Difference of 
longitude 

AA 

m. s. I 
8 29·250 i 

•169 I 

·184 
·144 
·26o 

8 29·008 I ·ou 8 29·014 +0·136 ·150 
·0471 ·021 ·058 ·194 
·031 ·007 ·034 · 170 
·064 ·036 ·o82 ·218 I 

/>.' 

2 
3 
2 
2·5 

3 
5 
3 
2 
6 

v. 

s. 
+0·052 

+ 

·029 
·014 
·054 
·o62 

·048 
·004 
·028 

+ ·020 
+0·035 

I 

·0881--·0_1_8 ___ ·09_7 I ---~2331 
Mean , 0·019 I 8 29·057 8 29·197 : 

Weighte~-n~~-an __ -__ -----~~~~~~~~-8--------~~------~--98-±;-_o-___ ·00~~9~=~ 
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Transmission time: 0•·009 ± 0•·001. 
Personal equation: D. - Sm. = - 0•·140 ± 0•·010; same from weighted means, - 0•·136. 
At Washington transit No. 8 was mounted over the station (brick pier) established i11 1878, 

November, in the grounds of the United States Naval Ob:;ervatory, old site, and 44·7H metres, or 
0•·124, west of the center of the small dome of the ma.in lmildiug. 

At Cape May transit No. 6 was mounted over a statilm establislwd iu the grounds of the 
Pennsylvania Hailroad Company. 

LJ:>.., Washington, United States Naval Observatory, old site (D)-Cape May (T1881•9i) 
= gm 29••07 4 ± 0•·009, 

(19) DIFFERENCE 01<' LONGITUDE BETWEEN DETROI'.1', MWH., AND CAMBRIDGE, MASS.• 

Observersnt-_ --~:r_o_m ___ I __ From 

western or 

1

. eastern or 

I 
Detroit Cambridge 

:----~-~ signals. , signals. 

I 1881. I' 
May 13 ...; 

23 .5 
24 ! iI: 
26 i 

June 4 Pi 
II 

...: 
June 21 l1J 

~ 22 l1J 

23 ~ 24 
i::Q 29 

m. 
47 

...; 47 
.5 
iI: 
Pi 

s. m. s 
41·262 i 47 41·o64 

·099' 40·831 
·144 40·932 
·154 40·907 
·220 40·948 
·177 40·848 

Mean 

41 ·286 47 41·022 
·292 41·050 
·267 41·010 
·246 40·973 
·134 40·857 

·--··------------..,.----~I-----

Menn of 
W-E W. nnd !\. 

signals. 

I 

s. m. s. 
0·198 47 41·163 

·268 40·965 
'212 41·038 
·247 41'030 : 
·272 I 41·o84 ' 
·329 ___ 4~~~1 

Personal I Differ!'nce of 
equation. I Jon~~ude. p. v. 

+0·~34 I ;;· 41 ~i97,- -~.~ : +0:~~1---
40·999 ! o·5 I - ·o81 
41·oi2 1 -- ·oos 
41·o64 I I - ·016 
41·118 I . + ·038 
41'046 I 1 - '034 

i 

·254 ~~1·0491 

·264 41·1541-0·034 I 41'120 l -1- '040 
'242 41·171 41·137 I + ·057 
'257 41·138 41·104 I + ·024 

' ·277 ! 40·995 . 40·961 l I -0·119 
0 < 

I 
·273 41'1!0 . 41·0761 I : - '004 

:-------------,--------,-----
___ J ~_·263 i 47 41·114 147 41·o81 I ... ___ J ____ I Mean 

\Veighted mean 47 41 ·o8o ± os·o13 

Transmission time: 0•·129 ± 0•·004. 
Personal equation: F.-W.= -0•·033 ± 0•·013; same from weighted means, -0•·034. 
At Detroit the transits Nos. 1and15, made by W. Wiirdemann, were mounted on the west 

stone pier of the United States Lake Survey Observatory (1871-82); this pier is 1 m.55 or 0•·004 
west of the other or standard pier. The United States Coast and Geodetic Survey station of 1891 
is 125·74 metres or 0~·366 east of the old longitude pier of 1871. The observers carried their 
instruments with them when interchanging stations. No. 1 wns nsrrl by Mr. Flint, No. 15 by 
Mr. Wheeler. 

At Cambridge the same transits were mouuted over the United States Coast and Geodetic 
Survey station of 1872, which is 32·918 metres or 0•·096 we.~t of the dome of the Harvard College 
Observatory. 

LJ:>.., Detroit (T1091) - Cambridge Observatory (D) = 47 111 40••806 ± 0•·013. 
··-·-- --·-- --------··-------····-- ----·-

•Determination by the United States Luke Survey; see Appendix III of Profos~ioual Papers of the Corpe of 
Engineers, U.S. A., No. 24, or" Report of the Primary Triangulation of the United St-ates L1~ko Survey, by Lieut. 
Col. C. B. Comstock, etc., Washington, 1882," pp. 866-895. 
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(W) DIFFEI:ENCE 01'' LONGITUDE llETWEEN CINCINNATI, OHIO, AND WASIIINGTUN, D. C r n .... 

Observ-~~~-a:~ I From I 1~~:~~~ . I 
__ __ . I western or eastern or 
, '. . Cir.1cinnati \V~_shing.ton 

C. · \\. signals. , signals. 

---1 --·-- ----· -- ··--- - - ------i 

\\'-'L... l\fean of 1 Personal , DifTer~nce of j 1· 

c: w. and E. equation 

1 

lo11g1tude p. v. 

si~uals I · 
1 

__ :__I--- ·- _ ----j 
1881. I 

July 18 I 
19 
24 . 
25 ~ 

0 

Aug. 2 
3 .";::! 
4 s 
5 (/) 

8 e:i 

µj 

0: 
QJ 

~ 

~ 
0 

---·----1--
1 

m. S' I 29 29·(;38 
·041 
'0.)2 
·o61 . 

29 29·394 
'3,'\9 
·270 
·266 
·413 

m. s. 
29 28:991 

29·001 
·002 
·022 

l\1ean 

29 29·361 
·306 
·242 
'234 
·378 

0·~47 I ~~ 29·~14 i --r-0·
5

148 ' ~~ 29·'i62 l I -0:~!0 
·040 · ·021 1 ·169 2·5 ·003 
·o3o I ·01 7 ·165 , 2·s 1

1 

·007 
·039 ; ·042 i ·190 ' 2 -i- ·018 

_ ·o_,9 -
1

· 29 2~·024 ~: I 
·033 I 29 29·378 I --o· 148 ·230 ' I + ·058 
·033 ·322 ·174; -\- ·002 
·028 i ·256 ' '!08 I l I - ·064 
·032 · ·250. ·w2 I 1'5' - ·070 
·035 _1 __ ~396 ; ____ ·2_48_1 __ 1_·5 _1__1_·0_·0_76_

1 l\1ean 0·032 I 29 29·320 ! 29 29· 1721 ; : 

\Veighted means 29 29· 172 ± O"'OI l 

·----- ·-· ---· . ___ I --=J··· 
__________ l _______ _, __ . ____________________ _ 

Transmission time: 0•·018± 0•·001. 
Personal equation: D.-Sm.=-0"·148±0•·010; same from weighted_ means, -0"·148. 
At Cincinnati transit No. 4 was mounted in the grounds of the astronomic observatory on 

Mount Lookout. The station is 0"·55• or 0•·037 west of the center of the dome. 
At Washington transit No. 8 was mounted in the grounds of the United States Naval Observa­

tory (old site), 011 the ol<l brick pier established in November, 1878, aud which is 44·714 metres or 
0•·124 west of the center of the small central dome of the main building. 

Lli\, Cincinnati Observatory (D)-Washington United States Naval Observatory, old site, (D) 
= 29111 29•·259 ± O•·Oll. 

(21) DIFFERE.XCE OF LONGITUDE BETWEEN' NASHVILLE, TJ<;xx., AXD CINCI:-iXATI, OIIIO. 

1 
---- --r~'servers a~-=- -- ·---::11 · ·1.---F:,:---1--·-!----- lllean of -Ji ·-·--I ~ifTerence of I . ·1 

Date. .. --·- ---·· _____ western or e~st~rn o~ W-E , w. and E. Perso.nall I longitude p v 
• 1 Nashville C11_1Ctnnatt : signals. 1 equation. ~A 
' N. ! C. signals. signals. . I \ 

1 - - -- -,----:------i--1---- - -·- -1 -:i. 26:5~-1 
·549 ! 
·517 
·570 I 

I 

9 26·791 I 
·765 . 
·810: 
·762 

~- 26:475 I 0:~25 · ';· 26!4ss I -+_;.·120 ';· 26;6os 
·515 I ·034 ·5321 ·652 
•481 I ·036 •499 •619 
·549 I ·02 l . -6o ·68o I ::> I 

3 
6 
4 
5 

-0·037· 
;- ·007 

·o:i6 
-:- ·035 

!\lean 1· ·029 -;· 26·520-i 

9 26·758 ' ·033 · --;-;6~774 ~ --0·120 ·654 5 + '009 l 
·735 I ·030 I ·750 ·630 4 - ·015 i 
·771 I ·039 I '790 ·670 I 4 + ·025 ' 
·738 I ·024 _! ___ ·750 i ______ ·630 

1 

__ 5 __ --0·01~_! 

Mean 
1 

0·032 I 9 26·766 I 9 26·643 J J 

__ Weighted mean 9 ---:~-·645 =-~~c:-=J 
Transrnission time, 0•·015 ± 0•·001. 
Personal equation, Srn. - Sin.=+ 0•·1~3 .:I: 0•·008; same from weighted means, + 0°•120. 
At Nashville transit No. 8 was mounted over the station of 1877, east of the Capitol or State 

House. 

•o"·53 by direct meaaure, 0'"55 by triangulation in 18fl0. 
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At Cincinnati transit No. 4 was mounted iq the grounds of the astronomic observatory on 
Mount Lookout; the station is 0"·55 or 0•·0:37 west of the center of the dome. 

LJ/.., Nashville (T 18n-81 ) - Ciucimmti (D) = !)m 26•·682 ::!:: 0•·006. 

(2~J DIFFERENCE OF LONGITUDE BETWEEN ST. LOUIS, MO., A~D CINCINNATI, OIIIO. 

I 
---·--·--~-----------------~ 

! 
Observers at- Fro111 

Date ! western!or ' I St. l,ouis 

Fron1 
eastern or 
Cincinnati 

signals. 
'W-E 

Mean of 
W.aud E. 
signals. 

I

I Personal '. DifTcrc:nce of 
equation. i lon~1ude p ,, 

' s. L. c. signals. 

1881. -1--·1--·- --::---s-. -- "'· 
• I I ----- -----1--· :--- --1-----

Sept. 12 J d 23 08·040 1 23 
13 . ~ 0]"914 ' 
19 :B 0 08·024 l 
21 E ....,: o8•o68 I 

(/) :;:;; 
Iii ci 

o/935 I o~io5 ~~ o/988 -o~i32 
0]"882 I ·032 0]"8g8 
0]"989 I ·035 o8 ·006 
o8·oo6 : ·o62 08·037 

!--------

m. s. 
23 0]"856 1· 

·766' 
·874 ! 

·go5 I 

4 
3 
2 

5 

s. 
-0·001 

·091 
+ ·017 
+ ·048 

Sept. 23 
24 d 
29' ~ 

23 or637 
732 
790 
725 

Mean I ·058 23 0]"982 

23 07·597 . ·040-~;:~: +0·132 ·749 6 ·10s 
•6g1 ·041 ·712 ! ·844 s ·013 

Oct. 5 O 
~ 
ci 

742 ·048 766 I ·898 18 + ·041 
·696 ; ·029 "]'O ·842 3 -- 0·015 

-~fea1~I ~·040 ~i ~3 _-ano;1-----~-2-3 -~7"s42 J---------
1· \Vcightc<l mcan 

···-----··------------------ ----·-·· ··---------------

Transmission time (omittiug September 12 and 21): O•·Orn ::!.- 0•·001. 
Personal eq nation: D. - Sm. = - 0•·140 ::!:: 0•·014; same from weighted means, - o•·132. 
At St. Louis transit No. 6 was mounted over the new station of 1881, located in the east end 

of the small brick observatory attached to the Washington University; it is l"·SG8 or 0•·125 west 
of the old station of 1860-71. 

At Cincinnati transit No. 4 was mounted in the grounds of the astronomic observatory on 
Mount Lookout; the station is 0"·55 or 0•·037 west of the center of the dome of tlle buildiug . 

..::H, St. Louis ('f1881 _82 ) - Cincinnati (D) = 23m 07•·894 ::!:: 0•·015. 

(23) JllFFERENCE OF LONGITUDE BETWI-:EN ST. LOUIS, MO .. AND NASHVILLE, TE:NN. 

--.,.------..,------,--------------·-

_01_,_s_erv_e! rs at __ -_ 11 From I From I 
I 

"'·estern or eastern or :Mean of.. I Personal DifTer~nce .of:_ 
Date St. l,ouis =-ashville W-l!; W_.and l.. equation longitude , 

S. l,. N. signals. : signals. stgnals. · ~i\ · 
p. I v. 

1881 
Oct. 10 

12 
20 

Oct. 21 
26 
31 

Nov. I 

L ___ 

ci ~ 

d 

-5 "' QJ 

0 ·5 :::: (/) 

Iii ci 

-- i I I 

I
! ;;· 4::0:~- -~~ 4~:~~:1-~::- ;~ 4i':ooJ-~o\s9 -~:~·-:7::-·· 

·-1-----, 
4 
2·5 

' s. 

·057 41 ·032 I ·025 ·044 ·233 
I ·016 40·996 ·c20 ·oo6 ·195 

-0·014 
·026 

- '012 

13 41·456 13 
·353 
·358 

Mean ,. ·025 13 41·018 

41·427 ·029 -1~~442 -0·189 ·253 + ·046 
·329 : ·024 ' ·341 ·152 . 3 - ·055 
·337 · ·021 ·348 ·159 I 1'5 - ·048 

. ·475 ·4481~--- ·462 --------~273 1_
3 __ +o~~ 

___ M_e_,an 0·025 13 41·398 ~. --~·~~ I ____ .··-·-

Weighted mean 13 41 ·207 ±0''013 

Transmission time: 0•·013 ::!:: 0•·001. 
Personal equation: D. - Sm.= - 0•·190 ::!:: 0•·012; same from weighted means, - 0•·189. 
At St. Louis, transit No. 6 was mounted over the new station of 1881 located at the east ~nd of 

a Rmall brick observatory nttached to the Washington University. It is 1"·868 or 0•·125 west of the 
old station of 1869 and 1~71. 
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At Nashville, transit No. 8 was placed over the station established in 1877. It is east of the 
center of the State house tower . 

.di\, St. Louis (T1881 .a2)- Nashville (T1m 81)= 13m 41"·207 :::!:: 0•·013. 

(2!) DIFFERENCE OF LONGITUDE BETWl.;EN KANSAS CITY, ::'>lo., AND S'l'. LOCIS, MO. 

) Observers at- I From I 
western or 

Kansas City ··11 I .1 
1 ~ From Mean of Difference of · 

e~stern .or W-E \V. and E. Perso.nnl 

1 

longitude p. v. 
S~. Lotus signals. equation. 4 A 

1882. 
Sept. 21 

22 
23 
26 
29 

Oct. 

~I 
JI 

13 

L 

K. C. S. L. signals. 

--------

.!:i 
OS 
t:i 
;:: 

U:i 
:Ii 
c.J 

~· 
<II 

!--< 
c.J 

~ 
<II 

!--< 
c.J 

..: ·; 
t:i 
;:: 

U:i 
:Ii 
c.J 

1n. s. 
17 32·327 

·549 
·357 
·345 
·369 

17 32·128 
31·961 
31 ·982 
32·007 
32·028 

.. _ s1gnals~---l--J ____ 
1 

, _____ --- ---- __ _ 

nl. s. I s. I 11/, 

11 32·300 I 0·027 17 
·521 ·028 
·321 ·036 
·306 ·039 
·322 ·047 

s. 
32·314 
*'535 

·339 
·326 
·346 

Mean . ·035 17 32·331 
l-------

s. 
-0·151 

17 32·077 I' ·051 17 32·102 +0·151 
31 ·921 ·040 31 ·941 
31 ·964 ·018 31 ·973 
31 •967 I '040 31 ·987 
32·013 \~_ - 32·0~----­
Mean I 0·033 17 32·003 

\Veighted mean 

•Rejected. 

m. s. 
17 32·163 

·188 
·175 
·195 

i 

2 

3 
8 
7 

s. 
-0·020 

+ ·005 
·008 

+ ·012 

·253 I IO + ·070 
·092 I 2 ·091 
·124 : 2 ·059 
·138 I 7 . :045 

17 32:::: i __ 
6

---1~~ ; I_, 
17 32·183 ±O''OII _J 

Transmission time: O•·Ol 7 :::!:: O•·OOl. 
Personal equation: Sinclair -Terry=+ 0•·164 :::!:: 0•·010; same from weighted means,:::!:: 0•·151. 
At Kansas City, transit No. 4 was mounted at the astronomic station of 1882, in the grounds 

of the Franklin 8chool. It is marked by two sandstone piers. 
At St. Louis, transit No. 6 was put over the station of 1881, in the small brick observatory 

attached to the Washington University. It is 0•·125 west of the old station of 1869-71. 

----
1882. 

Oct. 20 
21 
23 
26 
27 

Nov. 6 
7 

12 
20: 
21 

I 

L1A., Kansas Cit)' (T1m1z-:1~,) - St. Louis (T1881 a2) = 17w 32•·183 :I:: 0•·011. 

(25) DIFFERENCE OF LONGITUDE BETWEEN O.MAUA, NEBR., AND S'l'. LOUIS, ::IIO. 

-----

~ I 
! 

<II 
!--< 
u 
..: ·a 
u 
:::: 

en I 
:Ii 

i 

u 

-------I 

i 

.~ I .s I u 
;:: I 

U:i 
:Ii 
u 

~ 
~ 
u 

"'· s. 
22 56·667 

·626 
·65r 
·741 
·675 

22 57'044 
57·037 
56·957 
57'023 
57'!04 

s. 
3 -0·013 
I I - •o67 
2 I - '032 
3 I + ·o63 
3 - •oo8 

Weighted mean 22 56·83I±o"'O!O 

..:.... 
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Transmission time (omitting November 21): 0•·23±0•·001. · 
Personal equation: Sinclair-Terry=+0"178±0•·009; same from weighted means, +0•·172. 
At Omaha, transit No. 4 was mounted over the 1869 station in the grou11ds then known as the 

Capitol 8quare, now the grounds of ·the high school. 'l'he station of 1873 was in the same 
meridian as 1869 and 1882. 

At St. Louis, transit No. 6 was placed over the station of 1881 in the small brick observatory 
attached to the Washington University. It is 0•·125 west of the old station of 18139 and 1871. 

LI">.., Omaha (T11l69.91)-St. Louis (T18s1.82)=2201 56•·831±0•·010. 

(20) DIFFEltENCE OF LONGITUDE llETWEEN OMAHA, NEBR., AND KANSAS ClTY, MO. 

I= Observers at- From 
l'rom I I Mean of Personal I DllTerc;nce of I I western or eastern <;>r W-E 

Omaha W.andE. equation. lonig~ude p. Kansas City signals. o. K.C. signals. signals. 

1

_ 

1882-83. 
1---.\-

m. s. m. s. s. "'· s. I m. s. . s. 
-0·16g Nov. 26 .!:i 5 24·853 5 24:822 I 0·031 5 24·838 5 24·669 I 7 I 

29 "' 
•836 ·816 '020 ·826 ·657 ' 31 

30 (J •836 ·816: '020 ·826 ·657 3 
Dec. I i::l 

~ ·781 ·161 I ·014 ·774 ·605 4: 
2 en ·7o8 ·684 ·024 ·6g6 ·527 41 :Ii C1I 

f--< 1---------
cJ cJ Mean \ '022 5 24·792 

--------
Dec. 10 ...: 5 24·612 5 24·584 ·028 5 24·598 +0·16g ·767 I 

13 ·o; ·583 ·56o ·023 ·572 ·741 3 
22 (J ·451 ·440 'OI! ·446 ·615 4 
27 ~ 

i::l ·387 ·366 '021 ·376 ·545 3 
Jan. I en ·368 ·3491 ·019 ·358 

---1--~-
2 

C1I :Ii ,... ----- ---i 
u cJ Mean ·020 5 24·470 5 24·631 I I 

1--\\~~ighted mean 

--- . -·· 

5 ?.4'626 ±o''Ol6 

- --

Transmission time: O•·Oll ± 0•·001. 

v. 

s. 

' 

+0·043 
+ ·031 

·031 
'021 
·099 

+ ·141 
+ ·115 

'Oil 
·o81 

-0·099 

Personal equation: Sinclair -Terry= +0•·161 ± O•·OHI; same from weighted means, + 0•·169. 
At Omaha, transit No. 4 was mounted over the station of 1869 in the grounds of tlie lligb 

School, formerly known as Capitol square. 
At Kansas City, transit ~o. 13 stood over the statior'1 of 1882 in the grounds of the Franklin 

School. 
LIA., Omaha (T1869_9;)-Kansas City (T188i-85)=5m 24•·13213 ±0•·0113. 

(27) DIFFERENCE O~' LONGITUDE BETWEEN MONTUEAL, CANADA, AND CAMBRIDGE, :lfASS.• 

This work was executed by Prof. W. A. Rodgers, of the Cambridge Observatory, and by Prof, 
C. H. McOleod of the McGill College Observatory. The results as given below were taken from 
the ''Transactions Royal So"Ciety of Canada," Vol. III, 1885. . 

---------·----··------··---·---- ------· ------
*Transactions Royal Society of Caunda, 1885, Vol. III, Seo. III, Art. IX, "The Longitude of the McGill College 

Observatory. By Prof. W. A. Rodgers, Harvard College Ohservittory, and Prof. C. H. MoClood, McGill 
College· Observatory." Communicated by Dr. Johnson, May 28, 1885, pp. 111-177, Montreal, 1886. 
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This determination is included in the scheme on account of its accuracy a111l l>ecause it forms 
an important link of verification in the longitude net. 

Ohserversat-
1 

Date. --,--
:II. ! c. 

·-- ·--- --·-··--
1883. "8 ui 

June 2 ... 
<1J <1J b.O 4 u "O 

5 ~ 0 

,-<; ;Z 

:i:: <r! 

June 20 u ;::: 
ui -0 21 ... 0 

23 <1J <1J b.O u "O 
0 () 

~ ...... 
"" 

L _ __: ~ :i:: 
;:: u 

From 
western or 
Montreal 
signals. 

111. s. 
9 47'322 

·432 
·281 

9 4r837 
·73o 
·775 

From i !c ti I I l 
eastern or I Mean of · orrf';r on I Difference of I 

cam bridge I' W.-E. II W. and E. I personal longitude J p. i v. j 
signals. signals. ! equation. I 6 A. I 

----- I I ' 1-- I j-.----1---
m . s. 
9 47'22! 

·312 
·182 

' o·sio1 ·~· 47~271 I\ +0·~29 i '~· 4/soo 6 ; --o·~rn 
·120 ·372 ·251 : ·623 8' + ·113 

! ·099 I ·232 · ·214 ·446 4 - ·004 
!---·-----1 

Mean ! · I07 I ·292 ' 
·------1 

9 47'758 ; '079 . 9 47"797 
1
' -0·198 47'599 l + ·o89 

·639 . ·091 ! ·685 ·263 ' ·422 4 - •o88 
·706 ' ·069 ' ·741 I ·235 I ·-o6 : 7 -0·004 

Mean \ o·o8o-
1

\--~1----i-9-~7':16 !1---\------
----·· -; I ' I 

\Veighted mean 9 47'520 

•rrausrnission time: 0•·047 ± 0°·002. . 
Personal equation from direct comparisons of star transits referred to mean thread of tally, 

the observers leading alternately, June 13 and 14 at Montreal and June 28 and 30 at Cambridge: 
(l~-M) cos jl;o = + 0•·130 and + 0•·154, respectively. 

In addition to above, star transits were exchanged on June 23, with the resulting value,for LJJ., 
!.1 111 47"·465 and weight p = 3, whence weighted mean adopted l>y the observers: 

l\Iontreal, McGill College Observatory (T) - Cambridge, Harvard College Observatory (T) 
= 9"' 47•·510 ::!.: 0••019. 

At Cambridge, the transit• (known as the Russian transit) was 13w.53 or 0•·03!J west of the 
center of the dome. 

LJJ., Montreal, McGill College Observatory (T) - Cambridge, Harvard College Observatory (D) 
= 9"' 4 7•·549 ± O•·Ol!.I. 

1883. 
Sept. 251 

26 
Oct. 2 

s· 
IO 
16 
29 

31 
Nov. 1 

2 
6 

II 

(28) DIFI<'ERENCE OF LONGITUDE BETWEEN CHICAGO, ILL., AND LOUIS\'ILLE, KY. 

Observers nt-1 
From ll From . i' Mean of I . , I Difference of i[ 

1

1--~ 
w~~\~:t~ir ~~f:~hY~ W-~ W: and~· l :e~~~i~i~. longitude p. v. 

_. signals. _;_sign~~-- _J ___ .. signals. _:_:__ ___ -I .i.>. ; __ -1-----I 
m. s. I 111. s. s. m. s. \ s. m. ' s. s i I . 7 23"554 ' 7 23"516 i 0·038 7 23 ·535 I -0·029 7 2y5o6 I -0·~50 

·598 l ·559 ·039 ·578 : ·549 5 i - ·007 
"747 I ·716 ·031 ·732 I ·703 2 I + ·147 
·612 ·575 ·037 ·594 ·565 5 ' -j- ·009 
·6o3 I ·564 I ·039 ·584 I ·555 9 I - ·001 
·501 ! ·479 ' ·022 ·490 I ·461 I I ·095 
·551 ·534 ! ·023 ·545 I ·516 4 ·040 

7 23·4¢ 
·544 
·587 
·495 
·603 

1----------, 
M:an i ·033 7 23 ·58o 

1---______ , 

7 23 ·468 ! ·028 7 23 ·482 ' +0·029 
·509 I ·035 ·526 I 
·565 • ·022 ·576 I 
·459 ' ·036 ·477 i 

·511 
·555 
·605 
·506 
·618 

3 
5 
2 

4 
4 

·045 
·001 

+ ·049 
·050 

+0·062 I "575 ·028 ·589 l I :---1 _____ , _____________ _ 
l_· -· Mc~1~~·030 I 7 23·530 I 7 23·554 

I Weighted mean 7 · 23·556±o'"OIO 
• 

•For description of instruments at the two stations see above publication. The Russian transit stoo<l '14·4 feet 
west of the dome (center). 
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'l'ransmission time: O•·OHJ ± 0•·001. 
Personal eq nation: Terry-Parsons==:= -0•·025 ± 0•·011; same from weighted means, - 0•·029. 
At Cllicago, transit Xo. G was mounted at a place in the grounds of the Chicago University 

(old site), and not far from the meridian.of the Dearborn Observatory. 
The station of 1883 was lost when the university had to give up the location; the 1ww station 

of 1891 in the grounds of the Chicago City water works is, by triangulatio11, 2•·252 west of the 
old oue. 

At Louisville, transit No. 8 was mounted over the station e'3tablished in tlrn grounds of' the 
High School in 1879. 

(20) DIFFERENCE OF J.ONGITUDE BE'l'WEE:-1 GALVESTON, TEX., AND LITTLE ROCK, AUK. 

1

1 

Ob!;crvcrs nt-1 Fron1 Fron1 I I 
1 I I \ 

\vestcrn or I eastern or I .. :\-lean °~ ! Personal Differ~nce of' I 
Dnte. ' , Galveston Lillie Rock W-X W. nnd h. equation. . long1ludc I p. ---·-i- c. ~~-1--"ig~l~gnn~: ___ 

1 
_~ignnl~_f- __ [ ____ :__ __ . _

1 

I885. m. , s. m. s. I: s. ! m. s. I s. 1. "'· s. '1 

Apr. 28 I ...: JO 04·348 IO 04·3I5 0·033 IO 04·332 1 --0·044 JO 04·288 5·5 , 
30 I ·a ·370 ·343 ·027 ·356 I I' ·3I2 1 I 

May 3 'g ·281 ·254 ·027 ·268 ·224 5·5 
4 2 Ui ·190 '121 ·o69 'I56 I '112 2·5 I 

6 i :i:: ·317 ·2s2 ·035 ·300 1 · ·256 6 

v. 

s. .,! 

\·0·044 
\- ·068 

·020 
·- ·132 
-\- '0!2 

+ ·014 9 I ;.:..; u ·331 ·273 i ·058 -:---~302 '1! : ·258 I 4 

Mean · ·041 I IO 04·286 , ! 

May 12 I ] IO 04·2491 IO 04·2u 1- ·038 ~-~4·230 ! +0·044 ·274 ! 4·5 -i- ·030 
14 · ~ ,: ·228 ·208 ·020 I ·218 ·262 2 + ·ms 
15 ' :13 :;:_ ·167 ' ·15I ' ·016 . ·159 i ·203 2·5 - ·041 
2I I :i:: ci3 ·173' ·139 ! '0,'.4 I ·156 ' ·200 1·5 -0·044 

U Ii Mean· 0·02i-.~4·191 ,-----l~~~;;-1 ___ 1 ____ _ 

I ___ ; --- __ I __ _!_._ ___ - -~ -------

~----~-' ____________ ..... ____ J_·---~~'eightcd mea~·-· ·--- ------· IO 04·244 ± 0"011 

Trarnnnis:sion time: 0•·018 :!: 0•·002. 
Personal equation: Sm.- Sin.=+ 0•·04'7 ± 0•·008; same from weighted means, + 0•·0·14. 
At Galveston transit No. 8 was mounted over the new station of 1885; it was placed in the 

square to the west of the old station of 1868, and near the Ball High School. The new station 
became 11ecessary because the old one could not be reoccupied. Their relative positions are: 

'1n. s. 
Station of 1868 ea&t of tho north towor of tho cathedral, 94·81 or 3•514 or 0·234. 
Station of 1885 wost of tho north tower of tho cathodral, 71•49 2·647 0•177. 

Also Station of 1895 west of the north towor of the cathodral, 50·66 1·875 0·125. 

At Little Hock transit No. 6 was mounted over the new station of 1885, located in the grounds 
surrounding the custom-house and post-office, and west of the building. The relative positions of 
the old 1882 and the new 1885 stations are as follows: 

1U. 8. 

Station of 1882 we•.1 of tho 11ag pole of hniltling, !~G·G6 or 1 ·-146 or O·O!J6. 
Station of 1885 wtHI of tho ilug pole of !111ilcling, 40·13 1 •578 0· 105. 

LJA, Galvt:iston (Trn!).',) - Little Hock (Turo5-u:1-oo) = 10"' 04•·192 ± O•·Oll. 
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(30) DIFFERENCE OF LONGITUDE BETWEEY KANS.AS CITY, ~10., AND LITTLE ROCK, ARK. 

--·-------

Date. 

: Ob ·e t ·1 From I ., 
l s rvcrs a - we~£~r~ or eastern or l Mean of Personal 1' DifTer~nce of 

'IJ. 

I
. Kansas City Little Rock W-E w. and E. equation longitude I p. 

K. C. I L. R. signals. signals. J signals. · 1 a.\ I 

-h-~-8y-5 ._2_8_ 1 ---~---[-- --,i·---1-5--~-36- --,~---15-.-~-8- 0·~~1 '~--15·~9~ ~o~i29 - '~· 15·62~-11--:-_-o-:0_2_3_ 1 

30 LJ ·545 ·496 ·0491· ·520 ·649 ' 4·5 + ·005 
31 ;~ .s ·565 ·476 ·o89 ·520 ·649 7.5 + ·005 

June I v; ·mg ·557 ·491 •o66 ·524 ·653 j 6 + ·009 
4 ;i ·530 ·465 ·o65 ·4g8 ·627 I 5 ·017 

u ~ . I 

June II 
12 
18 
19 

9 15·822 
·785 
·811 
·830 

Mean ~-!-9--;5·511 

·o86 -,.-9 -;5·779 -0·129 ·650 1· 5·5 + ·oo6 9 15·736 
·719 
·739 
·738 

Mean 

·o66 ·752 ·623 4·5 - '021 
·072 '1 ·775 ·646 3 + ·002 
·092 784 ·655 4·5 +0·011 

--·---·i---------,---1 
0·079 I 9 15773 9 15·641 I I 

Weighted mean 9 15·644 ± o'·oo3 
--- ··- ~ 

------
Transmission time: 0•·037 ::!: oa·Oo2. 
Personal equation: Sm. - Sin. = + 0•·131 ::!: 0•·003; same from weighted means, + 0•·120. 
At Kam~as City transit No. 8 was mounted over the old station established by Assistant C.H. 

Sinclair in September, 1882; the station is in the grounds ofthe Franklin School building. 
At Little Rock transit No. (l stood over the new station of 1885; the old station of 188.2 could 

not be identified. The new station of 1885 is near that of 1882 and 0"·132 or 0•·009 west of it. 

LJ;\ 1 Kansas City (T111112·11-~)- Little Rock (T1885 •93. 00)= gm 15•·644 ::!: O•·OO;J, 

(31) DIFFERENCE OF LOYGITCJDE llETWEEN COLORA.DO Sl'RINGS, COLO., A.ND KAXSA.S CITY, MO. 

---····----- ··-·-- ·----·------------

! 
Observers at- I From I J'rom I' I 

Date v. western or eastern ?T \V-E 1\-lear1 of l>ersonal Differ~nce of p. 1· 

- I Colorado Spgs. Kansas City W. and E. equation. lon~~ude. 
. C. S. I K .C. signals. signals. signals. 

____ I ! /--- ---- !-----··----[---
~ m. .r. m. s. s. 111. s. I s. m. s, \ ·1 s. 

·'" 40 55·5n 40 55·437 0·074 40 55·474 -0·1o8 40 ss-366 I' 5 +0·039 
] ·454 ·401 ·053 .428 ·320 : 4·5 - ·007 
U,i ·366 ·303 ·063 ·3341 '226 1· 2·5 - 'IOI 
::ii ·595 ·503 ·092 ·549 ·441 ' l I + 'I 14 
U ·4781 ·3781-~-- ·428 ·320 I 4·5 - ·007 

Mean ·076 40 55 '443 

55·192 1-~ 40 -;5·228 +0·1o8 ·3361 4"5 + ·009 
·132 I ·091 ·178 ·286 4 - ·041 
. 156 ·098 ·205 ·3131 3 -·- ·014 
·241 I ·072 ·277 ·385 3 +0·058 

--M-ean ,i-0·08~_1_ 40 5;.~i----- 40 55·;;-
1

---------

i 

1885. I 
July 28 

~ Aug. 2 
4 

~ 5 
7 ::4 

...: ·a 
Aug. 12 u 

13 l:l 
Ci5 14 
:Ii 15 
() 

:B 
40 55·263 40 

·223 
5 ·254 
rn ·313 
ili 

____ i ___ ·---'--
Weighted mean 40 55 ·327 ± a5'0l l 

Transmission time: 0•·040 ::!: 0•·00!3. 
Personal equation: Sm. - Sin.=+ o•·UO ::!: 0•·010; same from weighted means,+ 0•·108. 
At Oolorado ~prings transit No. 6 was used. Two !ltations have been occupied at this pi.ace, 

one established by Assistant G. W. Dean in August, 1873, in the experimental garden, marked 
by a sandstone pier. In consequence of the removal of this station a second one was established 
in 1885 by Assistant E. Smith. The 1885 station is in the grounds of the Coloraclo Springs Land 
Uumpauy .. It is 11·214 metres or 0"·465 or 0•·031 cast of the 1873 station. 
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.At Kansas City transit No. 8 was mounted over the old station established in 1882 in the 
grounds of the Franklin School. · 

Lli\., Oolorado Springs (T IBBs-a6)-Kansas City (T IRBni~)=40m 55•·327-!::: O•·Oll. 

(32) DIF1''ImENCE OF LONGITUDE BETWEEN SANTA Y~. N. MEX., .AND COLORADO SPRINGS, COLO. 

1886. 
May 7 

8 
14 
17 
18 

May 21 
27 
28 
31 

June 9 

Observers at-

1

1 From 
western or 
Santa Fl! 

S. F. C. S. signals. 
I 

From 1' 

Co~~~!d~ns~~s. \\'-E 
signals. [ 

Mean of 
W. and F.. 

signals. 

--. - --- --in-. --s-.- --::--s.-1-s-. - m. 

·~ 4 30'145 4 30'0<)6 I 0·049 4 
s. 

30·120 
30·044 
29·972 
30·042 
30·050 

CJ ·o86 30·001 ·085 I 
= ..S ·or 1 29·933. ·078 
ii) '§ ·071 30·013 ·058 
:i:l rn ·oSr 30·019 ·o62 
cJ r4 

4 30·263 
·188 
'212 
'2II 

·138 

Mean 

4 30'2I4 
·135 
·140 
·142 
·071 

•o66 4 30·046 ___ , _____ _ 
·049 4 30·238 
·053 ·162 
·072 ·176 
·o69 ·~76 
·067 "!04 

---1------
Mean o·o62 4 30·171 

Personal D;~erence of I ·1 
equation. lonig1ude p. v. I 

--s. --in. -s. -----··1··- -·-s. . 

+o·o65 4 30·185 r·s +0·07S 
10<) 4·51 + ·002 
037 2 - ·070 
107 2·5 - ·ooo 
IIS 2·5 + ·oo8 

I 
I 

-o·o65 173 8 + ·o66 
0<)7 I "5 'OIO 

III 4 + '004 
III 4 + '004 
039 8 I -0'008 -----___ , _____ _ 

4 30·10s 
1 I 

Weighte~--m-e::1-----'------'-4--30· 107 ±0'"012-~ 

Transmission time; 0•·032± O•·OOl. 
Personal equation: Sm.-Sin.=+O•·Oli2±0•·008; same from weighted meaus,+O•·OG5. 
At Santa Fe, transit No. 4 was mounted 011 the stone pier used by the United States Engineers 

in the grounds of Fort Marcy military reservation; it is located on the parade ground and was 
first occupied in 1873. 

At Colorado Springs, transit .N"o. G was mounted over the new or 1885 station in the grounds 
of the Colorado Springs J,and Company. It is 11·214 metres or 0•·031 east of the old station of 1873~ 

L1t.., Santa Fe (T 1873.oo.e:;)-Colorado Springs (T188li-00)=4m 30•·107±0•·012~ 

(311) DIFFJUtJ<:NCE OF LO~GITUDE BETWEEN SALT LAKE CITY, UTAH, AND COLORADO SPRINGS, COLO. 
·-

·Tl Observers at- From F~ron1 Mean of Personal I DifTer!'nce of Date. western or eastern or W-lt W.andE. Salt Lake City Colorado Spgs. signals. 
equation. longliude. 

S.I,.C. c.s. signals. signals. 

-- I ----
1886. ...: m. s. "'· s. s. in. s . s. in. s. s. 

Aug. 19 ] 28 18·461 28 18·256 0·205 28 18·358 +0·053 28 18'41 l 2 -o·o6o 
21 u ·465 ·338 ·127 ·402 ·455 3·5 - ·016 

.£i = ·488 ·340 ·148 ·414 ·467 24 ii) 1 ·5 - ·004 
26 'El :ij 

·488 ·348 ·140 ·418 ·471 6 '000 
28 rn ·530 ·389 ·141 ·46o ·513 4·5 + ·042 

14 u ---
Mean ·152 28 18·410 

..: --------
Sept. 2 "~ 28 18·554 28 18·427 ·127 28 I8·490 -0·053 ·437 3 - ·034 

3 CJ ·573 ·370 ·203 ·472 ·419 5·5 - ·052 
4 = ..s ·659 ·412 ·247 ·536 ·483 13 + '012 ii) 
5 :ij 'El ·627 ·431 ·196 ·529 ·476 4'5 + ·005 
6 rn ·653 ·499 ·154 ·576 ·523 4·5. +0·052 

u r4 --Mean I 0·185 -- 28 18·521 ~-----;g;g.4661--------1 

L \Voigh"d mo•n ,g ,,.,,. ±o'"oo8 ~ 
Transmission time: 0•·084 ± 0•·004. 
Personal equation: Sm. - Sin.= -0•·056 ± 0•·004; same from weighted means,-0•·053. 
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At Salt Lake City transit ~o. 4 was mounted on the old pier, marking the station established 
by Assistant G. W. Dean in January, 1869, in tl.te southeast corner of the 'l'emplc block. 

At Colorado Springs transit ~o. 6 was placed over the new or 1885 station, marked by a stone 
pier, in the grounds of the Colorado Springs Land Company; it is 11·214 metres or 0"·465 or 
0•·031 east of the old station of 1873. 

LIA., Halt Lake City (T1009-9{1) - Colorado Springs (Trn85-ss) = 28m 18•·471 :± 0•·008. 

(34) DU'FERENCE 01" LOSGITUDE BETWEEN SAN l•'RANCISCO, CAL., AND SAL'J: LAKE CITY, l:TAH. 

r=-·· ·1~-:erver~at-·-Fro~1--j--F:m [ r D"ff r\ l ~ 
l Mean o l , l erence o 

.

1 

___ . -, __ __ western ?r .. eastern o~ \ W _ E W. and E. I ersonal longitude . p. I v. 
[ S. F. I;;. I,. C. Sa1~i~~~a~~sco ! Sal~ii~1~f..~1ty[ signals. l equat10n. AA i . 

-----,·----,- ---- --1 i--- ---·-~-·-· ·---- -----1-1--
1887. 

May 4 
7 
9 

IO 
-5 ·g 

12 I rf) 

I ;4 

May 20 

25 
26 

...: ·o; 
u 

1 . I I ' . 

~ 111. s. m. s. s. m. s. I s. m. s. l I 

I 
·o; 42 or8or 42 or734 o·o67 42 or768 · +0·025 42 0/"793 2·5 [ 
u ·656 ·578 ·078 ·617 I ·642 I I 

~~ ·619 ·540 ·079 ·5So , ·6o5 I l ·5 
v; ·635 ·530 I "!OS ·5821 ·6o7 i o·s 
~ ·706 ' ·617 1- ·089_ --~~ •687 I l 

,·. 
+o·og7 

·054 
·og1 
·o89 
·oog 

--1 

Mean ! ·o84 \ 42 07 ·642 [ I 1
1 

42 or6g6 I ·o8o r~- on;6 -0·025 ·7u 3·5 + ·015 
·686 I ·o6g [ ·720 ·695 3 [ -· ·001 [ 
·687 ·o67 · ·720 · ·695 ' 5·5 . ·- ·oor -~ I ~ 

June 
2~ i Ii ~ 

0 14 

42 07'776 
·755 
"754 
·756 
·776 

·6o4 I ·152 I ·68o I ·655 I 2 I -- ·041 I 

·691 1_ ·oS~I __ ·~~------~~~--[ +o·o~I 
Mean I o·og1 42 07'7 is \ 42 or68o ! ' ' 

' : I I I j ' 
\Veighte<l mean 42 0/"696 ± 0'°01 I 

- ----

i 

L -- ------'-------·-
Transmission time: O•·O.t4 d: 0•·003. 
Personal equation: Sm. - Sin. = - 0•·038 :± 0•·010; same from weighted means, - 0•·025. 
At San Francisco transit No. 3 was mounted on the western or old pier of 1881, in the 

Lafayette Park Observatory. 
At Salt Lake City transit No. 4 was mounted on the old pier of the observatory of 1869, in 

the southeast corner of the 'l'emple block. 

LJA., San Francisco, Lafayette Park ('!'11181 - 87) - Salt Lake City (Trna9 go)= 42m 07•·696 ::!: 0•·011. 

(35) lH1''FERENCE <W I,ONG!TUDE BETWEEN l'OltTLAND, ORl~G., AND SAN FltANCISCO, CAL. 

r
--- Dnt···. 1[ 01>s~;;;r~ ~t- :--- F~~,:;--·-: ---Fro1~;--------- . - ·:- :-.re~n ~~--/- --- ---:-D;~~r::e ~~- --! - - --·-·1 

, _____ I western or 1 • ~as~en1 <;ir w _ F ! w. and E. I Pe~so~ml I longitude j p. \ v. 

I 
P. / S. F. I ' ~l~~11:{~~ I Sai~/~~~~;;'.sco 'I signals. I eq11at1011. I AA . 1· 

1- -- ---+- \_ -!--·--- ---1--- ----1 1--__ , 
1887. i m. s. 111. s. I s.: J m. s. s. j 111. s. I I s. I 

June 20 ! 
1 

.!:i o 59·945 o 59·820 1 0·125 I o 59·882 +o·og9 ; o 59·981 J 1 ·5 -0·002 . 
27 I · o: 6o·c"J67 ·909 I ·158 ·988 I 6o·o87 , 2·5 I + ·w4 I 
28 ~ 59·936 ·8rn 1· ·126 I ·873 59·972 I 2·5 ! - ·011 ·1 

5 i ~ c73 59·q34 ·778 . 156 I ·856 59·955 I I i - ·028 
8 ! :i) ::: 59·827 I ·675 ·152 I ·751 59·850 I 1·5 . ·133 

~ I rJ i Mean \~-1~~:870 1 

I 

July 

July 18 : . ...: 
Aug. 12 ; ·;< 

o 6<n96 I o 6o·o71 -~,~:134 -o·og9 I 6o·o35 I r5 + ·052 \ 
·172 1· ·025 ·147 ·og8 : 59·999 3 + ·016 I 

16 ' 11 
!8 I w 
19 

.~ s 
:n 

·221 6o·o56 ·165 ·138 [ 6o·o39 i 2·5 . + ·056 I 
·o65 I' 59·948 ·117 ·oo6 59·907 I 3 i - ·076 . 
·124 6o·o11 ·113 ·o68. I 59·96g' 3 I -o·oi4 I 

I Mean J 0·133-~:~i---1~;.9791---!----

~---------~------'-i~~---'-~-~i_g_h~:rl me:_ o 59·~~~~,~~-- ~ 
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Transmission time: 0'·06!} ::!: 0'·002. 
Personal equation: Sm.-Sin.= -0'•109 ± 0'•013; same from .weighted means, -0'·0!)9. 
At Portland, transit No. 4 was mounted over the newly established station in the grounds of 

tbe custom-house, on the ::3ixth street or wei,;tern side. The center of the two stones forming the 
pier is 1"·177 or 0'·078 west of tlie cupola of the building. 

At San Francisco, transit No. 3 was mounted on the western (or standard) pier of the Lafayette 
Park Observatory. This pier was established by Assistant G. Davidson in 1881. 

L1i\, Portland (T1881 .. im)-San Francisco, Lafayette Park (T18s1.s7)=5!:l .. 983 ± 0"·015. 

(36). DIFFERENCE OF LONGITUDE BETWEgK PORTLAND, OREG., AND WALLA WALLA., WASH. 

. I Ohse;e·;: ~: I From / . From - - .. -· -,- .. __ : I -I 
' western or eastern or Menn of p • . 1 , Difference of I 

. 1-- .. -,--1 Portland Walla Walin W-E W.and F.. erso.1111 ; longitude I p. "· 
' r , \V W . I . I signals. equation. ~>. . I . . s1gna s. I s1gna s. 

~:~t 5 .. ---i ...: ;;· l9~J66 ·I: ;;· 19~j29 o·~37 i-;;· 19~j48 ··~o-'io:- ;;· 19!452 Ii~ -0·~51 
6 i ·;;; ·409 ·364 ! ·045 ·386 '490 2 ·013 
9 .£i ] ·437 ·395 i ·042 ·416 ·520 2 + ·017 

IO (J:i '461 ·418 j '043 '440 '544 · I + '041 
13 ] :i ·448 ·41 I i ·037 ·430 ·534 I 2·5 + ·031 

Iii U Mean I~-~9'404 I 
Sept. 15 

16 

191 21 
22 

...: 17 19·7II 17 19·686 : ·025 --;;--;~:698 -0·104 ·594 ' I I T ·091 ' 
·a ·630 ·587 i ·043 ·6o8 ·504 I 5 ;- ·001 : 
'U ·58r ·538 , ·043 ·56o I ·456 6 , - ·047 · 
i:: .£i ·5¢ ·562 I ·034 ·579 I ·425 3 I - ·028 I 
~ ] ·699 ·671: ·028 ____ ·6851---'---~J~_i~~~~I 
cJ w Mean i 0·035 [ 17 19·626 I I 17 19·515 I I 

L _ __ ·------ \Veighted mean 17 19·503 ± o'·or r -... . . I 

Tramnnis~ion time: 0•·019 ± O•·OOl. 
Per:-;oual equation: Sm.- Sin.= - O•·lll ± 0°•013; same from weighted means, -0•·104. 
At Portland, transit No. 4 was mounte1l over the station established in 1887 in the grounds of' 

the custom-house. 
At Walla Walla, transit ::N"o. 6 was mounted over the new 1887 statiou, Jocitted in the grounds 

of the court-house and 011 its e1u~t side. An old brick and stuccoed pier was found standing near 
by, but was not found of the })roper shape or height for mounting transit No. 6 upon it. The new 
Coast and Geodetic Survey pier of 1887 is 4m.42 or 0•·014 we.~t of the stuccoed pier, which latter 
may possibly be the one referred to in Capt. G. M. Wheeler's Tables of Geographical Positions, 
Bngineer Department, U.S. A., Washington, D. 0., 1885. lt dates probably from 1878 • 

. :J,\' Portland (Tius1-Bo) - \Valla \Valla (T1BB7 SH) = 17111 19•·503 ± o··O 11. 
6584--15 
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13i) DIFFERENCE 01" LONGITUDE BETWEEN WALLA WALLA, \V .A.Sil., AND SALT LAKE CITY, UTAH. 

--··-----. ·- ----· -·-· --- - -··· -----·--, ------, 
Observers at-1 Frotn 1

1 

From ---
1 

I 1· 

1 I 
-----·-·-. Wwae

1
s
1
·taerWnao

11
ra e,"-aasltteLarnkoer \V-F.. Mean of Personal DifTer~nce ~f I , Date. -~ W. and E. , equation longitude , p. 1. 

signals. I · ll.A · w. w. s. L. c.
1 

signals. 
1 

City signals. [ I I 

- ~e8;l'2~ -.-g -· - ·-1 ;;·~~~~422 i ;;~-4~:~-9~ j :~~:- ;;· 48-~rn r

1 

_o· :64 ;~- 48·~·46 ,-1 -- --0·~40 
Oct. l 'U ·439 : ·241 I ·198 ·340 ·176 5 ·orn 

4 .5 'Z ·494 ·264 ·230 ·379 ·215 4 + ·029 
11 if.'. ·a ·518 ·294 / ·224 ·4o6 ·242 2·5 + ·056 
12 ::r:: ~ ·421 ·237 ~----~[ . ·165 s·5 ·021 

Mean I ·212 25 48·353 i 
48·169 25 4]'986 ~-~-~8·0781 +0·164 '1 ·242 3·5' + ·056 

·075 ·881 ·194 47'978 : ·142 2·5 ·044 
·097 I 4]'892 ·205 47'994 I i . 158 7 ·028 
·219 · 48·008 ·211 48·114 I ·278. 2 . ·092 
. I 13 I 4]'893 I ·220 48·003 i I • 167 i 3.5 -0·019 

/ ___ Mean I 0·203-,~-4s·o331 ___ 1~8-193 
1

---i----
1 \\'eight:;!=:- -------- ~5- -~~ ~~~- 1 

cJ 

Oct. 16 
17 I 
19 

.d 20 ...., 
22 i '§ 

(f) 

14 

...: 25 
•@ 

g 
U3 
:ii 
cJ 

Transmission time: 0"· 104 ::!: 0•·002. 
Perso11al eqnatio11: Sm.-Sin. = - O•·lUO ::!: O•.OO!l; same from weighted means, - O•·Hi4. 
At Walla \Valla, transit No. 6 was mounted over the new 1887 station, located in the grounds 

of the court house and on the east side of it; an old brick and stuccoed pier was found sta11diug, 
but was uot of the proper shape and height for transit No. Ii. 'fhc Coast and Geodetic Survey 
pier of 1887 is 4·4~ metres or 0•·014 west of the old stuccoed pier, which Jatter dates probably from 
1878 if it l>e the one referred to by Capt. G. l\f. ·wheeler in his 'rables of Geographical Positions, 
Engineer Department, U.S. A., Washington, 1885. 

At Salt Lake City transit No. 4 was mounted over the old station in 'rernple block, southeast 
corner, establiRhed by Assistant G. W. Dean in 18139 . 

. :n, Walla \Valla ('rrns1.an) - S.alt I.,ake City ('1'1u6990)= 25'" 48•·18G ± 0•·009. 

(38) DIFFEREXCE OF LONGI'l't;DE BETWEEN l'OR'l'LAXD, OREG., AND SEATTLE, WASH. 

I 
Ohservers at-=---~;::--rl--~~~m- I -~lean 0~--:-~--- 1 

,. Difference of 
western or eastern or I ersonn · ------ 1 d · 1 · W-F. W. and 1\. I . long1tnde • Port an stg- i Scatt e s1g- 4 signals. equation. '1A r· 

P. s. nats. . nnls. ! I 

i ~~~' ,-- -- ~· ,;,., l~;.,:j ~039 ; :;,,. ~~"•ji~~-2;:4~~ 
' 21 Ol .tj ·393 I ·378 I '020 ·388 ·547 

I 

22 ~ - ·337 ·319 ·018 ·328 ·487 
24 .,: ~ ·274 I ·256 ' ·018 ·265 I ·424 

r·5 
1"5 
2 

I ·5 

s. 
+o·oor 
+ ·o61 
+ ·oor 

·o62 

i ii r4 , Mean I ·024] r 2;:32~-
June 26 g 22·7791 l 22·759 i ·020 I l 22·769 -0-159 ·610 2·5 + ·124 

28 ~ :S ·621 ·595 ·026 '1 '6o8 ·449 l ! -· ·037 
29 '§ •582 ·570 "012 : ·576 ·417 I - ·o69 ! 

July 5 CfJ <! ·448 ·431 I ·017 ! ·440 ·281 1 ! -0·205 _ 

r4 ii Mean :~-1-,-~3----l-r-22·46;- ___ j ____ I 

Weighted mean . l 22·486~~~.;~6 I 
'l'ransmission time: 0•·011 ::!: 0•·001. 
Per:;onal equation: Sm. - M. = + 0•·136 ::!: o•·020; same from weighted means,+ 0•·159 • 
.At Portland transit No. 19 1 was placed over the station established in 1887 in the grounds 

of the custom-house. The transit pier is 1"·177 or 0•·078 west of the custom-house cupola. 
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. 

At Seattle transit No. 18• was mounted over the station established l>y J. J, Gilbert in 1886, 
in the grounds of the university at the break of the hill sloping down to the art l>nildi::lg. The 
old station of 1871 in Jackson street bas been entirely obliterated. 

L1J.., Portlaud (Twn7811)-Seattle (TianG.88)=1111 22•·486±0•·026. 

(39) DIFFERENCE OF LONGITUDE BETWEEN SEATTLE, W.ASH., AND WALLA WALLA, WASH. 

i-----·--Observers at- Fron1 I 
Dute. 

western or 
Sent tie 

s. W.W. signals. 

-------- -·--- ---
1888. 

I 
m. s. 

Aug. 9 t 15 57.ooS 
IO "' ..c 56·924 :s ..... 
I I '§ ·901 
12 I < (/) 

I 

·991 
13 I 

~ ~ ·987 

I 
Aug. 15 t 

-:3 "' I 15 57'210 
16 :s 

I 

·231 
I7 '§ 

< ·241 
18 (/) ·127 

~ ~ 

I 
I 
I 

i I ! ! 

Fron1 
eastern or 

Wnlln \Vnlln 
signals. 

,,,, s. 
15 56·881 

·836 
·823 
•866 
•889 

Mean 

I5 57'078 
·144 
·145 
·o68 

Mean 

W-E 

---
s. 
0·127 

·oS8 
. ·078 

'I25 
·098 

---
·103 

---· 

w, and E. equation. long1t11de p. v. 
Menn of I l'ersonnl ~

1
1 Dilfer~nce of 

s1gnuls. AA 

------ ---·--· -- -------- ---- ···----· 

I 
1 11. s. s. 
l 5 56·944 +0·124 

·8So 
•862 
·928 
·938 

I 

m. s. 
15 5ro68 . 

57'004 ! 
56•g86 : 
57'052 
57'002 

2 
5·5 
5·5 
5·5 
4 

s. 
-~ 0·040 

·024 
·042 

+ ·024 
+ ·034 

'132 i l 
·o87 I ·og6 
·059 _ 

: 0.093 I l 

I I -· 
\\'eightcd mean 

Transmission time: 0•·049 ± 0•·003. 
Personal equation: Sm. - M. = + 0•·123 ± O•·OlO; same from weighted means,+ 0•·124. 
At Seattle transit No. 18 stood over the station established by J, J. Gilbert in 1886, in the 

grounds of tl1e university. 
At Walla Walla transit No. rn was mounted over the 1887 station, in the grounds of the 

court-l..10use. 
LIA, Seattle (T11urons) - Walla Walla (T1887-11 8) = 15ru 57"·028 :!: 0"·00!). 

(40) DIFl'ERE~CE OF J.O~GITt:DE l!ETWEE~ WALLA WALLA, WASH., AND HELENA, MONT. 

-----------·-----------------·------------

I 
Dnte. 

I88S. 
Aug. 25 

26 
27 
28 
29 

Sept. I 

2 

5 
6 
"! 

i 
Observers nt- Fron1 
---------- western or 

I 
. Walin Wnlln 

W.W. H. signals. 

·i----
m. s. 
25 14·664 

'668 
'628 
'590 
·618 

25 14·472 
·456 
·426 
·397 
·454 

~ 
:;;: -B 

'§ 
< (/) 

~ r4 

Fron1 
eastern or 

Helena 
signals. 

W-E 
Menn of 

W.nndE. 
signals. 

! 
l'crsonnl i DifTer~nce of 
equation. i lon~!ude p. v. I 

----- ----- --------- ------··-- - ·-------·---

m. s. s. ,,,, s. s. m. s. s. 
25 14·596 o·o68 25 14·630 -0·094 25 14·536 9 +0·026 

·617 ·051 ·642 ·548 7 + ·038 
·584 ·044 •6o6 ·512 7 + '002 
·55I 
·570 

·039 ·571 ·477 I2 ·033 
·048 ·594 ·500 II ·010 

---------
Mean 

25 I4'44l 
·400 
·389 
·350 
·364 

I 
·031 25 14·456 +0·094 ·550 I s + ·040 
·056 ·428 ·522 7 + '012 
·037 ·408 ·502 . 17 ·008 
·047 ·374 ·468 I 6 ·042 

·ogo - ---- ·409 -----·- ·5031_4 ___ -0·007 -

Mean , 0·052 25 14·415 [ 25 14·512 I ! 
______ I_ ------· _! ___ : _____ _ 

·050 

\Veightcd mean 25 I_ 
--·----- ·----·---~--- ---------------

Trnnsmission time: 0•·026 :!: 0•·002. 
Persoual equatiou: Sm. - M. = + ()•·097 :!: 0•·002; same from weighted means, + o•·O!J4. 

-·----- .. -------------
"The new transits Nos. 18 and 19 were first used in May, 1888, at Yaqumu. and Portland, Oreg., and at every 

survey station connected with the longitude net since that elate. 
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At Walla Walla transit No. 19 was mounted over the station of 1887, in the grounds of the 
court-house. 

At Helena transit No. 18 was mounted on a brick pier located in 1888 in the grounds of the 
United States Assay Office. It is referred geodetically to the court-house. 

I 

LL\, Walla Walla (1\uR1.sa) - Helena (TrneR.oo) = 25m 14'·510 ± 0'•00ti. 

(41) DH'FEitENCE 01" LONGITUDE BETWEEN SAN FRANCISCO, CAL., AND SACR.AME~TO, CAL. 

Date. I 

Observers at- ii· From From I ·1 I . 1 
western or eastern or I ~ean of Personal 1· Differ~ncc of I 

San Francisco Sacramento w-~ I ".-and E. equation. l_ongitude p. v. 
S. F. S. J signals. signals. signals. ti/\ 

1~~1;8?s -t:-. ---:§-. -;-,;-· :;;~-69-1-~;-. -44-s~241-11 _0_s;-02_8_/ •;:_44_s;2-5~,--~~;217··1-m-3-. -4-::::2-11-, :-_-c::::l--
27 . 0: g ·259 ·240 . ·0191 ·250 ·467 4 ·016 
28 :E (/) ·305 ·274 i ·031 ·290 ·507 I 2 ' ·024 

Jan. 4 <! :i ·295 ·26o ;_·0_3_5 ___ __:_21_s_ ·495 4 ·;· ·012 

ii U Mean [ I 3 44·268 

Jan. 6 
7 

11 
12 

.g 3 44754 3 44·697 
1
:* ·057 r-;-·-;:;6, -0·217 ·509 5 + ·026 

11 g ·715 ·690 , ·025 I ·702 ·485 3 + ·002 
W ~ •684 •589 1* ·095 . •636 ·419 I 3·5 - ·004 
:;:: ...: ·754 •695 *0·059 724 ~ ·507 : 3·5 +0·024 

~ Mean 1---1~~~ ---1~~4831--i---

L ___ _ ·--·----------W~ghted:~~an 3 ~~:4~3±0::~~-- --1 
Tramm1ission time over the 94~ mile line: 0'·014 :::!:: 0"·001. 
«>Transmission time over the 154~ mile line: 0.035 ± 0·004. 
Personal equation: S.- M.= + 0•·214 ± 0·010; same from weighted means, + 0"·217. 
At San Francisco transit No. 18 was mounted on the eastern pier in the Lafayette Park 

Observatory. 1his pier is 0"·064 or 0"004 east of the west or standard pier of the observatory. 
At Sacramento transit No. rn was mounted over the station established here in 1888, in the 

grounds of the Capitol building and on the east side of it and a little south of its face. 

L1A., San l~raucisco Lafayette Park (Trn81_117 ) - Sacramento (T1888_119) = 3w 44"·487 ± 0'·008. 

(42) DIFFERENCE OF LONGITUDE BETWEEN SACRA.ME~TO, CAL .• .AND LOS ANGELES, CAL. 

Observers at-

Date. 

s. L.A. 

From 
western or 
Sacramento 

signals. 

From 
eastern or 

Los Angeles 
signals. 

Mean of 
W. and E. 

signals. I W-R I 
, _____ , ___ ---1-----1-----1 ' 

Mch. 29 
30 

Apr. 3 
6 

m. s. 
' 12 56·594 

·520 
·531 
·570 

12 57'075 
·079 
·167 
·139 

m. s. 
12 56·537 

·472 
·474 
·514 

Mean 

s. 
0·057 

·048 
·057 
·056 

·054 

m. s. 
12 56·566 

·496 
·502 
·542 

12 56·527 
1-----

12 56·987 I ·o88 12 
57'025 ·054 
57'1 II ·056 
57'o8o ·059 

57'031 
·052 
·139 
·uo 

Mean o·o64 12 57'o83 

. I 

! Difference of f 
Perso.nal 1 longitude 
equation. [ t>>. 

s. , 111. s. I 
+0·273 : 12 56·839 ' 

769 I 
·775 
·815 

-0·273 ·758 
·779 
•866 
·837 

p. ~l 
1-·· -----

141 +~:027 
4 - ·043 
6 - ·037 
5 + ·003 

4 
6 
5 
6 

- ·054 
~ ·033 
+ ·054 
+0·025 

12 56·8os I 

L-'---'----'-----"----W-e1-·g_h_t_ed_m_e_a_n_--------12_5_6_·_8.,±o•·ow =i 
Transmission time: 0'·028 :::!:: 0•·001. 
Personal equation: S. - M. = + 0"278 :::!:: 0•·012; same from weighted mean, + 0"·273~ 
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At Sacramento transit :No. 18 was mounted over the station established in 1888 on the east 
side of the Capitol building in the grounds a little south of the face of the building . 

.At Los Angeles transit No. l!) was mouuted over the 188!.I station in the grounds of the 
Normal School; the new station of 1892 is 10·6~ metres or 0'·028 east of it. 

Ll"A, Sacramento ('rrnuu~m) - Los Angeles (T189'2) = 12m 5G•·S40 :!: 0'·010. 
(43) DU'l'EHENCE Ol' LO:-iGI'l'lJDE llET\\'EEN SAN FRANCISCO, CAI.., AND LOS A:-IGELES, CA.I •. 

I I Date. 

1889. 
Apr. is; 

16 I 
17 . 
18 . 
22 

Apr. 27 
29 ' 

May 3 ; 
91 

13 

I I 

Observers nt-1 Fro111 I Fro1n 
western or ' eastern or 

---··-··:------·. Snn Francisco Los Angeles 
~ea11 o~ Personal 1. Difier~nce of ; 

w- E w, and E. 

1 

equation. I longitude [ p. v. 
s1gnnls. A>. 

···------, ---···--!--1---1 
S. F. i L. A. signals. signals. 

...: Im . s. 111. 

t 
'@ 16 41·s39 16 u 

"' ::: ·469 ..... Ui ·469 "" 

4::4s2 ~:o87 I 76 4::496 -~:214 76 4;:282 
·383 ·o86 ·426 ·212 
·401 •o68 . '43S ·221 

s. 
8 ! +0·032 
4 ·038 
9 ·029 

~ :i ·481 I 
~ u ·ss1 

! 

·401 ·o8o ·441 ·227 
'4S9 I ·092 ----~sos ·291 

Mean ·083 16 41·461 

6 ·023 
7 -!- ·041 

...: 16 40·989 16 •@ 
u t 41 ·099 
::: "' 41·w3 Ui :g 41 ·062 

.,.; ~ 41 'JOO ..... 
(j ~ 

40·883 ( ·106 T~~936 +0·214 ·1so: 3 -- ·100 
41 ·030 i ·009 ! 41 ·064 ·278 i 6 • + ·028 
41·0231 ·o8o I 41·063 ·2771 S , + '027 
40·977 ·oSs ; 41 ·020 ·234 s · - ·016 
41·oos '09S i 41·os2 ·266 ' 4 . -'-0'016 

---·-------- --.-----!-------
l\1ea11 I 0·0871 16 41·027 j 16 41·244 [ 

___ W_e_i-ghted mean ·---- ----·-· 16 41·2so±~•·oo9____ · 1 L ---
______________________________________ J 

Transmission time: 0•·04~ ± 0•·001. 
Personal equation: S.- M.= + 0•·217 ± 0•·012; same from weighted means,+ O··~U. 
At San Francisco transit No. 18 W<lS mouuted iu the Lafayette Park observatory, established 

by Assistant Davidson in 181:11; there are two piers, the west pier being· the one to which all loug·i­
tude measures have been referred; the smaller cast pier is 1m.575 or 0''·064 or 0•·004 distant from 
the other. In 1889 tbe transit stood on the east pier. 

At Los Angeles transit No. rn was placed over the 1889 station in the grounds of the Normal 
School; the new station of 1892 is 10·62 metres or o•·028 east of it. 

LJA, San Francisco, J;afayette Park (1' 11181 -117) - Los Angeles (T1892) =mm 41•·282 :!: 0•·009. 

14') DIFFERENCE 01" LONGITUDE BETWEEN LOS ANGELES, CAL., AND NEEDLES, CAL. 

Observers at- Fron1 I Front r I I "ff r 
western or t r !\-lean o I Personal I D1 er~nce o 

Los Angeles e~e:~te~ W-E w. and E. equation ' longitude 
i 1 al I signals. · A>. 

1 

_____ 

1

_ ~: ___ ~ __ • ~--- -~igna s. 

1 
____ ---- ____ _ ___ ___ __ __ 

1 
__ _ 

1889. ...; m. s. 111. s. J s. m. s. s. m. s. 
, May 22 : '@ 14 37'0S2 14 3TOOS 0·047 14 3]'028 -0·282 14 36·746 

23 I g u 36·996 [ 36·9s6 ·040 36·916 ·694 
37'009 ·727 
36·99s ·713 
37'202 ·920 

p. 

24 . ::: 
37'030 ·gSS ·042 :g (/) 

June I I 
< :i 

·014' 36·976 ·038 
s 37'229 I 37'174 ·oss 

~ cJ 
I r-

I Mean ·044 
-

s. 
6 ··-0'010 
8 . ·o62 
6 ·029 
6 ·043 
6 + ·164 

v. 

June 7 ...: 14 36·439 14 36·3¢ ·043 
8· •@ 

g ·s32 ·491 ·041 
12 I u ·so4 ·474 ·030 

l'.l 
13 Ui ::.1 ·so7 ·4s9 ·048 
lS 

:i:: < i ·s49 '497 ·os2 
16 ·466 ·432 ·034 

c.) ~ -
Mean 0·041 

I 
--· ---· 

Weighted 111 

14 36·418 +0·282 ·700 6 ·os6 
'SI I ·793 6 + ·037 
·489 ·771 4 + ·ms 
·483 ·76s 2 + ·oog 

I 
·s23 ·Sos 3 I + ·049 
·449 '731 4 ·02s --'------·- ---------------

1 14 36·4791 

.. 
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Tramm1ission time: O•·O'.H ± O•·OOI. 
Personal equation: S. - .M. = + o··~S2 :I: 0'·1H8; same from weighted means,+ 0'·282. 
At Los Angeles transit No. 19 was placed over the station of 188!) in the grounds of the 

Normal School; the new station of 1802 is HH.i2 metres or o•·U'..!8 east of it . 
..:\t Needles transit No. 18 was mounted over a station located in the inclosure surroun,Jing 

the ()at,holic Church. It was est.ablishet.l. in 1889. 

LlA, Los Angeles ('f109!) - ~eedles (T1809_95 ) = 14"' 31i'·728 :1: o•·Olli. 

(~j) DIF~'E!tENGI~ OF LONGI'l'lTDE BETWJmN rrgLENA, MONT .. AXD 8A.L'L' LAKE CITY, UTA.II. r- --
Ob.servers at- Front 

western or 
Helena 
signals. 

From , Mean of 
W.nn<i 1';. 

signals. 

I 
, I Difference of I erso_nal longitude 

-I 

! 

Date. 

1890. 
July 2 

3 
6 
7 

IO 

July 12 
13 
15 
21 
22 

I . 

H. \s.L.C. 

t 
"' :;;; 
~ 
~ 

...: ·c; 
u 
~ 

i:/3 
i 
cJ 

-;--:--------·- -·--: 
i-: l m. s. 

•@ ' 0 3y404 
u ·378 
~ ·358 

i:/3 ·346 
:ri ·411 

0 33·797 
·791 
•867 
•868 
·937 

sa1~s{;r_'~ ~~ty W - E ! 
signals. \ 

111. s. 
~:077 I 

111. s. 
0 33·327 0 33·366 

·285 ·093 i ·331 
·267 ·091 ·312 
·256 ·090 ·301 
·323 ·o88 ·367 

--------

equation ~A 

- -- - -- --

s. 111. s. 
+0·245 0 33·611 

·576 
·557 
·546 
·612 

I 
\ 

v. 

·001 
·c20 
·031 

+ ·035 

'----·-·---Transmission time: 0•·043 ±: O•·OO:!. 
Personal eq uatio11: S. - :'II. = + O•·:t38 ± IJ•·O I 0; same from weighted means,+ ()•·245. 
At Helena transit No. 18 was mounted over the station of 1888, established that year in the 

northwest corner of the grounds of the as;;ay of/ice. 
At t;alt Lake City transit No. 19 stood over the ol1l station pier, established iu l8fi9 in the 

Temple Block. 
LIA., Helena (T1mm-91l) - Salt J;ake Oity (Trnr.9-911 ) = om 33•·577 ± 0'·013. 

(4tl) Illl'l"ERE~CF. 01" LONGITUDE BETWEEN HELENA, MONT., AND IHS~lARCK, N. DAI(. 

I
I Observ!crsat- we~[~:~ or en~~~~ or I Menn of l'ersonnl I ~iffer~::e~-f !-----:11 --··--·1 

Date. Helena llistnarck \V-E 1. \V.and E. equation.; lon~t~udc I p. v. 
. . signals. I -~ H. ! D. s1g11als. s1gnnls. I . 

·~~~~\s I[- ~-i-t:-. - -4-,;--.-0_1_s:o8_9_[ ;~~-0::003- ~:0861-4-,,~-.-0-(:-0-46- ·-~~-.. 2-39_[_;_;_· -oo-s;So-7-j-

1

9

1 

II ~;0_3_2-I 
30 J: ~ '116 01'035 'o81 I ·076 ·837 '002 

Aug. 1 I i:/3 ""' ·o84 00·986 ·098 I ·035 796 5 ·043 
3 I ::d ~ ·125 01·055 ·070 ·090 I ·851 6 + ·012 
4 cJ ~ ·173 01·102 ·071 ' ·138 ·899 7 + ·o6o 

Mean ~r~;---~-;·077 I 
---.-----, 

00·427 ·071 145 00·462 : +0·239 ·701 4 - ·138 
·575 ·089 ·619 I ·858 5 + ·019 
·645 ·085 ·687 I ·926 3 -t- ·o87 
·6o5 I' ·0931 ·651 I I ·890 I 4 + ·051 
·542 ·112 ·598; ·837 4 -0·002 

---,------- ~----,-----;--------
:Mean I 0·090 I 45 ____ oo·~~_J_ j 45 00·840 J ___ _ __ 

Aug. 6 ...: 45 00·498 45 
8 ~ 

•@ 
"664 CJ 12 ..... i:l '730 

13 "' i:/3 •698 
16 ...: ::d ·654 

~ u 

!----·--~---'------· Weighted mean 45 00·839 ± 0•·012 
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Transmission time: 0'·043 :I:: 0'·001. 
Personal equation: S. - M. = + 0'·'.:!37 :I:: 0'•014; same from weighted means, + ()•·23!.l. 
At Helena transit No. 18 was mouutecl over the station establishecl in 1888, in the northwest 

cor11e1· of the assay oflice grounds. 
At Bismarck transit No. 19 wns placed at a station in the grounds of the county conrt-honse, 

·selected by Assistaut :;\Iarr in .July, 18!10. 

LJJ.., Helena (TIRna-oo) - Bismarck ('1'1800) = 45m 00•·83!l :I: ()•·012. 

(47) DH'FERENCE OF LONGITl:DE BETWEEN lllSMiRCK, N. DAK., AND ll!l~NEAPULIS, l\IINN. 

~ ! I 

I ~" I o>:m1rn:•-=1 

-;:~ 1·--1·--
Aug. 20 .!:i 

21 "' . 
25 I ] ~ 
26 ' (/) ~ 
27 I i .,: 

u ~ 

Aug. 28 
29 . 
30. ~ 
30. ~ 

31 ! .,: 

I ii 

I I, 

...: 
'@ 
u 
;;:: 

(/) 
.... .... 
u 

From ! From I I f 'ff f I --· ;·-
western or eastern or , .. ' f\.1enn o Personal Dt ercnce o 
Bismarck I !\-li11ncaj>0lis I W-1.!. I \V: and .E. equation. longitude v. p. 
signals. signa s. signals. 1 ~A 

111. s. 1---:--s.-- -s-.--- -:-s-.--1 s. m. s. s. 

30 11 ·354 I 30 u ·300 0·054 30 11 ·327 I -0"283 30 11 ·044 3 r -0·036 
·414 ! '345 ·o69 ·38o '097 IO : ·017 
·344 ; ·288 ·056 ·3161 ·0331 48 1· ·047 

30 

·416 ·356 ·o6o ·386 ·103 -1- ·023 
·383 ·319 ·o64 ·351 . •o68 1 5 : '012 _______ ; I 

10·818 I 
·787 : 
·849 
·8So 
·846 

Mean [ ·o61 30 11·3521 i 
30 10·753 ii- ·o65 ,~;;:785 ! +0·283 ·068 41 '012 ' 

·72 I I •o66 ·754 ! ·037 5 ·043 I 
"749 ~ · 100 ·799 I ·o82 4 , -I- ·002 ' 
'772 i 'lo8 ·8261 "109 5 '. -j- ·029 
·776 i_ ·010 ---~~----- ____ ·094 __ 1 _1~~~~~! 

Mean 0·082 30 10·795 ! 30 I I ·074 : ; I 

-------'---------- L -__________ I ____ I_· ---1 
\Veighted mean 30 Ir ·oSo ±0'0006 · 

'------------------- - ---------·--·-

Transmission time: 0•·03tl ± 0"·002. 
Pcrsoual equation: S. - 1\1. = + 0"·278 ± o··OOG; same from weiglited means, + 0-'·283. 
At Bismarck transit No. 19 was mounted over the station of 1890, in the northwest coruer of 

the grounds of the county court- house. 
At Minneapolis transit No. 18 was mounted nearly over the 1873 station ( i. e., 15 cm. west of 

it) and upon the same piers. It is located in the grounds of the State university, on a small knoll. 

Date. 

189r. 
May 5 

7 
9 

JO 
18 

June 1 

8· 
9: 

IO: 

II 

LJA, Bismarck ('r1891,) - Minneapolis ('1'1073_9i) = 30m U··080 ::l: O··OOG. 

(•8) lllFFERENCE OF LONGITUDE BETWEEN <JAPE MAY, N. J., AND ALBANY, N. Y. 

:rl ii 
u ·0 

s ...: 

"' 
·; 

;;:: u 
~ ;;:: ::s 
'1. (/) 

4 42·g8o 4 
·957 
·924 
·920 

~ :rl '914 

ci c..i 

Mean 

42·885 
•869 
·841 
·836 
·818 

Mean 

·o64 4 43 ·262 • 

v. 

s. 
-0·047 
+ ·0:1 

-! 'I 13 
·028 r 

·028 

·095 4 42-932 +0·183 ·115 4 + ·040 
·088 ·913 ·096 7 _j_ '021 
·oS3 -ss2 I ·065 4 - ·ow 
·084 I ·878 r 'o6! I 7 . - '014 

·096 ----~8661----- ___ ·049 :--6 -! -o~~ 
o·o89 I 4 42 ·894 : 4 43 ·078 ~ -

I . 

\Veighted mean 4 43 ·075 ± o•·ow. 
- -1 

~---~------------------·--· 
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Transmission time: o•·038 :I: 0•·003. 
Personal equation: S. - P. = + 0•·184 ± O•·Oll; same from weighted means,+ 0•·183. 
At Cape May transit No. 19 was mounted over the old station of 1881. It is within the 

Pennsylvania Railroad grounds. 
At Albany transit No. 18 was mounted over the old station established in 1858 in the grounds 

of the Dudley Astronomic Observatory (old site). This station is 18·(i3 metres, or 0"·818 or 0•·05o,· 
east of the dome of the observatory . 

.dA., Cape May (T1801-.9i} - Albany, Dudley Observatoryi old site, (D) = 4m43•·020 :I: 0•·010. 

(49) DIFFEREXCE OF LONGITUDE BETWEEN DETROIT, MICH., AND ALB.A.NY;. N. Y. 

-- ---·- --·--·· 
' ·- ---r:~:~ers at-! - !~~om j .. ·F~om ____ . :Mean of II . 1' DifTerence of I 

D t : I western or . eastern or R W. and R. ePer~nal . longitude P 
a e. 1· -----· ·1· ·-1 Detroit sig- I Albany sig- W- • signals. .· quat1on .. 

1 

D.A 
I n. A. j nals. nals. 

'---·--·-:--·----1-: ------ -- -----1--·---1--. ·- - .. --··· 
. 1891. : ...; : ....: m. s. 111. s. s. 111. s. s. m. s. 

I 

I 

June 23 1 @ : ·c;; 37 II'7I2 37 I1·657 0·055 37 1I·684 +-o·I34 37 II'818 · 
24 ' -B 11 ·784 '735 ·049 ·76o i ·894 
25 ; ~ ·- ·848 ·786 ·o62 ·8171 ·95I 
26 I Po; w ·795 I ·743 ·052 ·769 ·903 
27 I ~ :X: 782 1 ·72I ·o61 ·752 ·886 

' d u i 1· 

I 

7 ! 

s. 
-·0·082 

•oo6 
3 + ·051 
5 + ·003 
3 ·014 

Mean ~ ·056 \ 37 1 ~>561 
June 29 ...: 37 12·o6I .

1

' 37 12·004 ·057 37 12·032 -0·134 ·898 I II - ·002 
July 4 ·a ~ ·043 u·993 ·050 ·o!8 1· ·8841 3 - ·m6 

9 -u ::: ·048 · 11 ·991 ·057 ·019 ·885 2 I -- ·015 
IO £ ;:; ·079 12·018 'o61 ·049 I '9I5 3 + ·015 

II :i:j ~ ·ogo I2'037 -~---~o64 '----·---~930 / ___ 2_1 +o~~~ 
c) 

d '---~~~:~~°-56 37 12·036 I 1 37 11·8~-~L ...... ..J.. __ _ 

L_~ -- ~Veighted mean 37 I 1 ·goo± 0''005 

Transmission time: 0•·028 :I: O•·OOl. 
Personal equation: S. - P. = + 0•·140 ± 0•·008; same from weighted means, + 0•·134. 
At Detroit transit No. 19 was placed at a new station established in 1891, back of the building 

at the northeast corner of Grand River and Washington avenues. '.l'be old United States I. .. ake 
Survey Observatory 011 Grand River avenue, near Park place (Professional Papers, Corps of Engi­
neers, U.S. A., No. 24, Washington, D. C., 1882), was destroyed to make room for a new building; 
the old piers being still in position, transit of 1891 was found to be 125·74 metres, or 0•·366, east of 
the Lake Survey station. 

At Albany transit No. 18 was over the old station established in 1858 in the grounds of the 
Dudley Observatory (old site); the station is 18·63 metres, or 0•·055, east of the center of the dome 
of the observatory . 

.dA., Detroit (T1891 )-Albany, Dudley Observatory, old sitl', (D) = 37ru 11"·845 ± 0•·005. 
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(50) DIFFERENCE 01!' LONGITUDE ImTWEEN CHICAGO, ILL., AND DETROIT, MICH. 

I 
Observers at- I From 

1 
______ western or 

C. I I>. . nnls. 

Frcm1 
eastern or 
Detroit sig­

nals. 
W-E 

Menn of 
W. and E. 

signals. 
Personal 

equations. 
Difference of 

longitude 
::.>. 

1---- - -·-- -··-

Dale. 1· ' I Chicago sig-

------ ---·:-·-- --·-·· ·-· -1-· .... ---- -- --·--· 
1891. I I I ,,;_ s. 111. s. s. I "'· s. s. 111. 

July 16 · · ...: r8 1]"490 r8 17'446 0·044118 I7'468 +0·168 18 
18 ~ ·;;; ·471 ·433 ·038 ·452 
19 · E CJ ·491 ·447 ·044 ·469 

J. 

!]"636 
·620. 
·6;;7 
·654 
·6o8 

20 = ;:: ·5o6 ·466 ·040 ,. ·486 
22 ::.. i U3 ·454 : ·425 ·029 ·440 

~ :ri I , _______ _ 

p. 

5 
5 
5 
6 
3 

v. 

s. 
+0·002 

·014 
+ ·003 
+ '020 

·026 

July 23 
24 I 

25 ! 
27 ' 
28 

0 u ! Mean I ·039 _1~~463 
...: s 18 17'8o5 18 !]'770 ·035 I 18 1]"788 I --0·168 ·620 I 3 ·014 

"@ ol ·840 '8o7 ·033 ·824 ·656 I 4 + "022 
CJ E ·878 ·851 ·027 ·864 ·6961 2 + ·o62 
~ ~ ·818 ·779 ·039 ·798 ·630 5 ·-· ·004 

·781 ·744 ·037 ·762 ·594 4 ' -0·040 

j Mean 0·034 -~-~~ ----- --;g;;~-1---1-----u 

\Veighted mean 
_[ 

Transmission time: 0"·018± 0'•001. 
Personal equation: S.-P.=+0'·172±0·006; same from weighted means, +0··168. 
At Chicago transit No. 18 was mounted at the station of 18!H in the grounds of the Chicago 

city water works, foot of Chicago avenue. It is 2•·252 west of the old station of 1883, in the 
grounds of the Chicago University, old site. 

At. Detroit transit No. 19 was placed over the new station of 18!n, back of the building at 
tbe northeast corner of Grand River and Washington avenues. The piers of the old U11ited 
States lake survey station of 1871 were about to be removed. Tho 18!)1 station is 125·74 metres 
or 0"·366 cast of the old longitude pier . 

.di\, Chicago (T1891 )-Detroit (T109i)=l8111 17'·634±0"00(i. 

(51) DIFFERENCE OF LONGITUDE llETWEE::-1 :l.IIN::-!Eal'OLIS, MINN., AND CHICaGO, ILL . 

. I I O~~ervers at.!/ we!~;;;;~-r--. -~n~~~11;:--. ------~:~:f-.··-~:rsonal Ii Differt;nce of I 
1 Date. 1-· ··-····~ .. --··- - Mh~nea !is · Chicago W-E W. and lt. equntiort. lon~~ude , p. "· 

____ :_~ 1_c_._ ~nn~ 1-~1~,:~s-- --- signals. --- ___ I _
1 

___ _ 

8 

I 
' I I I; 

l 91. , m. s 1

1 

m. s. s. m. s. s. m. s. 
Aug. 3 Ei ...: 22 27':263 I 22 27'206 0·057 22 27'234 -'-o· 159 22 27'393 

g , ~ ] . :~~~ I ::~~ :~~ :~~~ . 1· :j~ 
8 
6 
6 

s. 
-0'021 
+ ·046 

·033 
8, + 'Oll 

5 + '002 
7 ' p.. U3 ·293 ·239 ·054 ·266 ·425 

I4 · Pi ::i: ·278 ·237 . ·041 ·257 I ·416 

Mean l-:;;;-i~~p56 
2rs85 i ·043 -1~~6o6 -0·159 ·447 3 I + ·033 

·495 · ·050 . ·520 ·361 I 4 I - ·os3 
·492 ·ooo I ·522 ·363 9 - ·os1 
·569 : ·047 I ·592 ·433 ; s 'I + ·019 
·620 ,. ·067 _:___ ·654 _________ ·495 1 __ 5 _

1 
+o~~~ 

Mean 0·053 j 22 27'5791 22 2r417 [ : 

0 u 

.Aug. 16 ...: s 22 27'628 22 
18 ·;;; ol ·545 
20 CJ ;:: ·552 

i::: 
_., 
::I ·616 24 U3 ::.. 

25 :ri Pi •687 ' 
[ 

c.J 0 
------

\Veighted mean 22 27'414 ± 0''010 

--- ·- --- ------
TransmiRsion time: 0•·026 ± 0'•001. 
Personal equation: S. - P. =+ 0"161±0·010; same from weighted means, +o··J59. 
At Minneapolis transit No. 19 was placed on the old stone piers of the 1873 and 1890 station, 

in t110 grounds of the univei;sity, south of the main building. It is within 15 cm. of the first 
station established in 1873. 
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At Chicago transit No. 18 stood at the station established in 1891 in the grounds of the 
Chicago city water works, foot of Chicago avenue. It is 2"2i;2 west of the old station of 1883, in 
the grounds of the university, now removed. 

I 

Date. 

1891. 
Aug. 29 

30 
31 

Sept. 3 
4 

LfA, Minneapolis (T1873-9u-91 )-0hicago ('r18g1)=22"' 27"·414±0"010. 

(52) DIFFEHENCE OF LONGITUDE BETWEEN OMAHA, NEBR., AND :lttlNNEAl'OLIS, MINN. 

I Ob~~-~~rs at-
I 

From 
western or 

Omaha 
I 0. M. signals. 

-- ··----- ---

m. s. 

s ..: IO 49·113 

"' 
·o; ·o81 

i:: <i 'II5 ... i:: ::l '!IO .... (I) 
·147 

~ :ri 
(.'.) cJ 

From 
eastern or 

Mit~nea~olis 
s1gna s. 

"'· s. 
IO 49·o69 I 

·049 
·os9 I 
·062 I 
·090 i 

Mean I 

W-E 

s. 
0·044 

·032 
·056 
·048 
·057 

Menn of 
W.andE. 

signals. 

m. s. 
IO 49·091 

·065 
·087 
•o86 
·u9 

·047 IO 49·090 

Personal 
equation. 

Difference of ! 
longitude : 

d,\ 
p. v. 

-+;,.,- ~":; 49~J~ +o:~~ 
·267 I 8 ·002 
·266 I 4 ·003 
·299 I 5 + ·030 

Sept. 81 49·516 ..: s IO IO 
IO ·o; 

"' 
·450 

12 (J i:: ·522 ... 
49·467 

I 
-0·18o ·049 IO 49·492 

·401 ·049 ·426 
·478 ·044 ·500 

·312 
·246 
·320 
·279 
·164 

I 12 
7 
5 

12 

+ ·043 
·023 

+ ·051 
+ "OIO 
-O'I05 

i:: 13 ::l ·478 ·440 
14 

i (I) .... ·369 ·320 

I :ri ~ 
(j c5 Mean 

·038 ·459 
·049 ·344 7 

i ' -----

L ----------
\Veighted mean 

---·----------------------------------~ 

IO 49·269±0"'0IO 

Transmission time: 0'·023 ± 0"001. 
Personal equation: S.-P.=+0"·177±0'·011; same from weighted means, +0"·180. 
At Omaha transit No. 18 was placed on the old stone piers of 1882, in the southeastern part 

of the grounds of the Omaha high school. 'l'he first station established here was in 18Gfl, in the 
same grounds, then known ·as Capitol Square. The several stations of 18G!J, 1873, 1882, and 1891 
arc all in the same meridian. 

At Minneapolis transit No. 19 was located in the grounds of the university. It is the Harne 
as that of 1890, and within 15 cm. the same as the old station of 1873. 

-
.1J.., Omaha (Trns9.13.112.91)-Minncapolis (Trn1:i.!J091)=10m 49"•2G!.l:lc 0'·010. 

(53) Dll<'FERESCE 01<' LONGITUDE BETWEEN LOS ANGELE::l, CA.!,., AND SA)>; l>IEGO, CAL. 

1---Da~e~ !~~serv[~-s a_t_-: 

I L.A. I S.D. I . 

J.~ront 

western or 
Lo~ Angeles 

signals. 

I -- -- ---- -------
1892. I j m 

Feb. 9 : ..: 4. 

! j j J I 
s. 

22·899 
·¢7 
·959 
•968 
·995 5 :i ~ 

c5 
Feb. 16 

26 
Mch. 2 

3 
5 

4 22·572 
·6o3 
·675 
•695 
·644 

I W-E I Mean of 
\\1. and H. 
signals. 

I Personal 'I Difference of I 
v. 

/;,,\ : 

From 
eastern or 
San Diego 

signals. 

m. s. 
4 22·881 

·950 
·936 
·947 
·970 

'1 equation. 1· longitude i p. 

0·~18 -,4-· _2_2_s:-890- -o·si67 j '4 2;:7231--3-- -_~:o63 -
·017 ·958 ·791 3 + ·005 
·023 ·948 ·781 3 ·005 
·021 ·958 ·791 3 _;_ ·005 
·025 ·982 ·815 6 -+ ·029 

Mean /_~ ~=~947 
4 22"5431 '029 I 4 22'558 +0·167 

. 595 ·008 I . 599 
·65 I ! '024 i ·663 

·725 7 ·o61 
·766 6 '020 
·830 3 -+- ·044 

·667 ·028 ·681 ·848 6 . + ·o62 
·623 ·021 ·634 ·Sor 4 ; +0·015 

d () Mean 0·022 4 22·627 4 22·787 

J___ _ ______ .... --------~~~~~W~~e~i-g--h-_t_e_-~_--_~_-:_:_n ___________ 4 ___ 2_2_·_7_8 __ 6 __ ±_"o'°_j 
I - - - . 



REPORT FOR 1897-PART U. APPENDIX NO. 2. 235 

Transmission time: 0-·011 ± O•·OOJ. 
Personal equation: S.- P.=+ 0'·160±0'·006; same from weighted means, +0'·167. 
At Los Angeles transit No. 19 was mounted over the new station of 1892, near the old one of 

1889, in tM grounds of tho Normal School. The 1892 station is 10"'·62 or 0-·028 east of the old 
station. 

At San Diego transit No. 18 was placed at a new station established in the southwest part of 
the City Park (in line with the center of Seventh street). This station is at a commanding height 
and is 17·45 metres or 0'·015 west ortbe old or 1871 station . 

..dt.., Los Angeles (T189'2)-San Diego (T1892)=,4"' 22'•786±0•·010. 

(54) D!Fl<'ERENCE 01<' LO~GI'l'UDJ<~ ImTWEEN SA~ DIEGO, CAL., .A.ND YUMA, ARIZ. 

1
------.. ---------T----------------.---·--·----- -~··--- -- ---

observers nt- . Front I ~~rom l I Mean of Difference of 
Date. ' 

~estcr.n or ., enstern or \V-E' \V.ntid "'· Persona? 1 "t d p i 

can D ea y t In I .,. t" _
0 

__ '_'ir_. u-- e' -· , __ ._!' ~ 1 _ .. ..., • 1 ,.,o 1 • u 1 signals. equn 1011, I.Al\ 

~/-"-· ___ stgnnls. 1~als._ 1 __________ 1 

___ _ 

v. 

17 
19 
20 
21 

· ;'~ o.;\83 ;'~ ~:326 ~:057 ;'~ ~:354 ' -~:190 I ;'~ ~:164 
4
2 / -1 i:o50 

·333 ·241 ·092 ·287 ' ·097 ·017 
~ ·305 ·252 ·053 ·279 ·o89 3 ' ·025 
.5 ·322 ·262 •o6o ·292 ·102 8 ' ·012 
;l ·357 ·287 ·070 I ·322 ·132 ~ ·018 

::i.. ·363 ·310 ; ·053 ·336 ·146 3 + ·032 
~ I 

--------, 
Mch.23 

24 
25 
26 

IO 08·959 
·937 
·942 
·96o 
·999 

Mean I 0·064 -,~312 1. 

IO o8•875 o·o84 IO o8·917 , -+0·190 ·107 6 , ·007 
•864 •073 I "900 ! •090 5 '024 
·899 ·043 ·920 I . I I() 4 - ·004 I 
0 917 "043 ·938 "128 3 -1- "014 I 

·920 ' ·079 ·96o "150 4 +0·036 I 

Mean I 0·064-~o8·9271-----~~·120 ---,-----1 
"'eightcd mean 

Transmission time: 0'·032 cl: 0'·002. 
Personal equation: S. - P. = + 0•·192 cl: 0'•004; same from weighted means, + o··rno. 
At San Diego transit No. 18 was mounted at the new station; it is located in the southwest 

. part of tbe City Park and on a commanding height. The 1892 station is west of that of 1871, 0•·045. 
At Yuma transit No. 19 was set in an adobe building 011 north side of corral in the Govern­

ment Heservation. 
L1A., San Diego ('l'rn92) - Yuma (T1092) = 10"' 09'·114 ='= 0'·005. 

(55) DIFFEREKCE 01' l,ONGITUDE HETWmm LOS ANGELES, CAL., AND YUMA, ARIZ. 

-~:r:rs nt-1- From- - --- - - Fr~::--·-1, -- ---;-- -M - -f -I -----,I -:ff --- f' I --: 
I , . ea"11 o ., 1 Dt crence o 1 

Date --------I western or eastcrnor W-H' w nndF , lcrso.na longitude p ,, 
1 . I L. A. I Y. I L~~l~::&;.les , .[~::~ls. ., slgnnls.'' i equation. j 6A \ , I , ' 

I -- ----1 -:--1-----1---------,-- --- I 1-- --- -----1-----: 
I 

1892. I a .... 
1
. "'· s. 

1 

m. s. I s. I "'· s. , s. I "'· s. i s. · 
Mch. 31 o: ] q :;1·897 14 31·847 I 0·050 14 31·872 ~ -j-0·141 14 32·013 41 +0·039 
Apr. 2 I B i5 · ·s5; ·826 ·031 ·8421 31 ·9<~3 4 -i- ·009 

3 I ~ iii ·843 ·812 I ·031 ,. ·827 I 31·968 5 - ·006 
4 ! ii :ii ·816 : ·793 I ·023 ·8o4 . 31"945 5 i - ·029 

ci cJ : Mean I ·034 r;.;:--;.1 ·836 I 

6 .g ~ 14 32·146 114 32·112 ·034-,----;:;- 3:-·12;-1 -0·141 31·9..'l8 3 I + ·014 
7 u .B ·099 I ·o68 ·031 ·o84 ' 31·943 4 I - ·031 
s cE ;l ·143 I ·o83 ·o6o ·113 .

1 

31·972 9 - ·002 

9 5 ~ ·161 · __ ~:]~:~: ,, -;,:~: i-=--i ,,~;::: !~-1~ 
Apr. 

\Veighted mean 14 31·974 ±o•·oo6 

L------~-----·-·----· --
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Transmission time: 0··018 :!: 0'·007. 
Personal equation: S. - P. = + 0•·141 :I: 0"·002; samo from weighted means,+ 0'·141. 
At Los Angeles transit No. 18 was mounted at the new station, near tho old 0110 of 188!) in 

the grounds of the Normal School; the 1892 station is east oft he 1889 station 10·G2 metres or 0•·028. 
At Yuma transit :N" o. J 9 wa1'! set up in an adobe building on north side of corral in the Govem­

men t Reservation. 

,-
! Date. 

LJJ., Los .Angeles (T1892 ) - Yuma (T1892 ) = 14m 31•·974 :!: 0"·006. 

(56) DIFFERENCE 0.1!' LONGITUDE BETWEEN YU~A, ARIZ., AND NOGALES, ARIZ. 

-··-··---- ---- ·----------------- ·- --------------
., Observers at-I 

: i 
i Y. N : 

____ :____, 

From 
western or 

Yu1na 
signnls. 

From 
eastern or 

Nogales 
signals. 

W-F. 
Mean of I i Difference of I 

w. and E. , Perso!131 longitude p. ' "· 

__ si_g_na_l_s._I_ equal\: ___ -~ ' ___ i ____ I 
s. l s. m. s. ! m. m. s. j s. 

j---- ---- --i--
: !892. I ! m. s. m. 

43·891 ·1 43·819 0·072 14 43·855 -0·152 I 14 4y703 41--!-0·013 -I 

·141 ·o68 ·781 I ·629 5 ·001 -
·Sor ·o63 ·832 : ·68o 4 ·oro 

l Apr. 131 ..: 
14 ·;;; 
15 ] 

I 14 
14 

·815 

::~I 

i 
I 

I 
I 

l 

16 i:i.i 
17 

cJ 

Apr. 19 
i3 20 Oj 

2! ::: ..., 
22 ::l 

p.. 
23 

~ 
0 

I 
I 

! ~ 
ci 

..: ·c:; 
u 
:::: 

i:i.i 
.... ...... 

cJ 

14 

·828 ·074 ·865 ·713 6 : ' ·023 
·938 : ·813 l~----·876 ·724 5 + ·034 

l\lean o·o8o : 14 43 ·842 

43·488 0·078 14 43·527 I +0·152 ·679 I 3 'OI! 
·445 ·135 ·512 I ·664 7 · - ·026 
·528 ·090 ·573 I ·725 4 I + ·035 
·496 ·094 ·543 I '695 31 + ·oo5 
·505 ·092 ·551 I ·703 4 + ·013 

Mean i o·o9B -i~Y~l_-----J1'~~3·692 ---,-. -----
1 I i , _________ -~--

I 
43·566 : 14 

·580 
·618 
·590 
·597 

\Veighted mean 

--'--- ·--------------- ---

'rransmission time: o··045 :I: 0"·003. 
Per1-1onal equation: S. - P. = + 0'·150 ::!: o•·005; same from weighted means, + 0°·152. 
At Yuma the station was located iu an adobe building on north side of corral in the Govern­

ment Reservation. Transit No. 19 was mounted here. 
At Nogales transit No. 18 was mounted at the station in the rear of and adjoining the Monte­

zuma Hotel and Custom-house; station established in 1892. 

LJJ.., Yuma (T1892) - Nogales ('r1892 ) = 14m 43•·690 :!: 0'•007. 

(57) DIFFERENCE OF LONGITUDE BETWEEN NOGALES, ARIZ., AND EL PASO, TEX. 

II~ -D-a-te-.----,----0-bs_e_rv_e_r_s -at---,~-F-ro-m-~--1-,r-o_m __________ - -- ----- -- ---i-- -- ----

______ !___ w~~:~i~~r eE/~~~r W-E ~~~!do~. ;~~:ti~~~ 
X. it. P. signal~. signals.' signals. 

------ ---------~ 

Difference of 
longitude 

.o.>. 
p. v . 

-·-- __ 1 _______ -----l·-----1----- -----

May 6 
7 
8 
9 

IO 

I i 

I 

(i) 

:Ii 
cJ 

"'· s. 
17 48·758 

·630 
·677 
·673 
·670 

17 48·469 
·375 
·440 
·466 
·431 

;;· 4hoo I ~:058 I ;;· 4S:729 I 
·553 ·077 I ·592 
·624 ·053 •651 
·616 ·057 ·645 
·6o4 ·o66 ·637 

Mean 

s. 
-0·125 

1n. s. 
17 48·6o4 

·467 
·526 
·520 
·512 

17 48·399 
·298 
·370 
·391 
·350 

·070 17 48·434 +0·125 ·559 4 
·077 ·336 ·461 6 
·070 ·405 ·530 5 
·075 ·429 ·554 5 
'o8I '391 ·516 I 6 

+ ·039 
·059 

+ 'OIO 

+ ·034 
-0·004 

Mean 0·015 - 1~s·399-,--- ~8·52;-/---1---
Weighted mean 

--------------------------------------------------~ 
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Transmission time: 0'·034 ± o··OOl. 
Pe1·sonal equation: S. - P. = + 0"·126 ± 0'·004; same from weighted means, + 0'•125. 
At Nogales transit No. 18 was mounted at a station in the rear of and adjoining Montezuma 

Hotel and custom-house; it is east of the l>0undary monument 171 ·7 meters or 0'·433 . 
..At El Paso transit No. 19 was set up over the station established in 1892, in the United States 

:Military Reservation, due west from the plaza. 

[Fourth cablo conuoctiou with Europe.•] 

(58) DIFFERE~CE OF LONGI'fUDE BWl'WEEN ).10NTREAL, CANAllA, AND GREENWICH, ENGLAXD, VIA CA!\80, NOYA 
SCOTIA, AND WATERVILLE, IRELAND. 

Executed by Prof. C. H. )lcLeod, of McGill liuivcrsity, und :\Ir. H. H. Turner, of the Uroouwich observatory: 

Of this important addition to the longitude Rystem of Xorth America only a preliminary 
account has as yet been published, t giving the preliminary results: 

h. m.. 1. 

~ 
Montroal to Canso 0 49 37·4 } 
CanMo to Waterville 3 24 32·0 Total 411 54"' 
Waterville to Greenwich 0 40 09·3 

From a reply by Professor McLeod dated May 15, 1897, to an inquiry about the longitude 
work, it would appear that a considerable time must yet elapse before the final results could be 
had in print, and since it was undesirable to hold back the computations and publication of the 
present report, this omce has availed itself of the final result kindly communicated by Professor 
l\foLeod,t viz: 41i 54111 18'·Ci7. The probable error of this result, however, could not be given; it 
has, therefore, been estimated, for which see reduction further 011. 

•Tho following let tor was rocoi vod after tho report had been completed; the difference in tho estimu ted 
probable error (± 0'·03) a.nd that assigned hy tho observer (::!: {)8·015) will not materially nffoct tho resulting 
longitudes. 

McGILT. C0Luw1c 011sERVAT01tY, 

Jlontreal, August 2, .1897. 
DEAH Sm: Heforring to your letter of April 26, lo.st.-The probable error of our trans-Atlantic longitude 

determination, which dopends on twelve nights at Groenwich aud Mon4'oal, will not excee1l 0'·016. The rntmlt, 
4" 54m 18•·67, is not in any way dependent upon tho intermerliato stations. Tho longitude of the station at Wnter­
ville, Ireland, is 40'" 41•·305±0•·013, aud tho longitude of Huzol Hill, Nova Scotia, is 411 O·l'" 07•·30±0•·05. The 
latter depends on a somewhat incomplete series of observations for one-half of tho work, the weather havin~ been 
bad at tho cable stations during the early part of tho work. 

Yours very truly, C. l l. lllcL1w1>. 

W. \V. Dun·rnLD, Esq., 
S1tpe.1·fote11dent United States CoaJ1t and Ge"'letiv Sun,ey. 

t TrausaotionH Royal Socit1t.y of Cnuada, 18!lB, section III, Jl. 51. )fomorn111lum on the work of the lllontre:il 
longitude d11terminution, by Prof. C.H. McLeod, Superintendent McGill College observatory. 

t In a lotter of April 17, 1897. 
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(59) DIFFEREXCE OF LONGITUDE BETWEEN EL PASO, TEX., AND J,ITTLE HOCK, ARK. 

1·---

1

: J Observers nt-

Datc. !-----
1 I E. P. l,. R. 

From 
western or 

. RI Paso 
signals. 

Fron1 
eastern or 

l,ittle Rock 
signals. 

Mean of 
W-H W.and E. 

signals. 

Personal 
equation . 

-------··-

p. v. 

·---···------:---··i---, 
~~6~ 025 : ~ .g ;(,- 5;:649 II ;'(,-

27 E CJ ·677 
:!.\Ich. 4 ~ ~ ·691 

5 ·648 

s. 
51·453 

·505 
·496 
·455 
·582 

\ 

~:1¢ i ;6· 
·172 
·195 
·193 
·170 

s. 
51·551 

·591 
·594 
·552 
•667 

s. 
+o·oSo 

m. s. 
56 51·631 

·671 
·674 
·632 
·747 

" 6 

2 

5 

s. 
-0·050 

·010 
·007 
·049 

8 ~ ~ ·752 + •o66 

~lch.11 ...: 
12 ·o; 
13 CJ 

i::: 15 w 18 
~ 
(.) 

Mean -~-;6s1·591 I 
56 51'844 56 51·670 -~-;6s1·757 I -o·oSo ·677 3 ·004 

'795 '004 '191 '700 I '620 3 '001 
·850 I ·665 '185 ·758 •678 8 '003 
·900 I '705 '201 •8o6 ; ·726 6 + '045 
·8461 ·653 . 193 ·750 I ·670 4 -0'01 l 

i Mean !-~ -;6s~!----1-;6s1 ·6731 ___ I ____ _ 

·- .. ---·- _ [_ ~Voigh~~l moon • 56 ~;~;;.:o'·009 =l 
Transmission time: 0'·094 ± O··OOl. 
Personal equation: S. - P. = + o··OS.2 ± 0"010; same from weighted mean&, + 0'·080. 
At El Paso transit No. 18 was set up over t~e old station of 1892 in the United States Mili­

tary Hesen•ation, west of the plaza. 
At Little Hock transit No. 19 was mounted over the olll station of 188;') in the southwest 

corner of the post-office and custom-house block. 

L1i\, El Paso (Trn!Yi-93-95)-Little Hock ('1'1aa:;.93_00 ) = 5<i111 !i J•·H81 ± 0'·00!l. 

(60) DIFFERENCE OF LONGITUDE BETWEEN XEEIJLES, CAL., ANH SANTA l·'~, K. MEX. 

r Ohscrvcrs at- From 
I western or 

I 
Date. ·- ,_------ Needles 

N. S. F. signals. 

··--·-- ---·-- -----

''
I 1895. I ...: 

Feb. 8 ·o; 
• I 17 u 

18 i::: 

! 22 w 
27 :ii 

"'· s. 
34 38·140 

·218 

2 'IOI 

E ·067 
(fJ ·204 

(.) 14 

l\lar. 4 ..; 34 37'863 
7 
8 
9 ii 

IO ~ 

·; 37'¢8 
CJ 38·ou 
i::: 

37'¢1 w 
~ 

38·033 

14 (.) 

From 
eastern or 
Santa Fe 
signals. 

:\lean of 
W - li W. and li. 

signals. 

I ·fl· r , _ Dt crcnce o 
I erso!1al longitude 
equation. .:l>.. 

p.--~ 

-------- ---- ---- _____ ., --- --- ··-

Ill. 

34 

34 

1 

38·~67 I 0~~73 ;~· y/io4 _; .. 090 ;~· 
. 146 I ·072 · 182 

s. 
38·014 
38·092 
37'982 
37'946 
38·075 

3 
6 

s. 
-0·018 

I+ ·o6o 
·042 ·059 ·072 
·0041 ·o63 ·036 
·126 ·078 ·165 

2 

5 
5 

·050 
·086 

+ ·043 

Mean 'I ·069 -I 34 38~· 
37'795 - •o68 

1 --;-;~829 +0·090 37'919 l Yz - 'I 13 I 
·892 ·076 ·930 38·020 l J/z - '012 
·903 ·108 ·9571 38·047 3 + ·015 
·878 ·o83 ·920 38·010 3 I --- ·022 . 
·955 ·078 ·994 38·084 4 . +0·052 I 

Mean l~---;-;;.;;-i _____ --;-;~: ___ I ____ I 

J \Veighted mean 34 38·032 ± os·o13 

··--· -···--------

Transmission time: 0•·038 ± O•·OOI. 
Personal equation: Sm. - Sin.= - 0'-093 ± 0'·011; same from weighted means, - 0"·090. 
At Needles transit No.18 was mounted over the old pier of 1889, within the encloimre of the 

Catholic church. 
At Santa Fe transit No.19 was mounted over the old station of 1873 and 1886, in the grournls 

of the Fort l\Iarcy Military Reservation. 

Lli\., Needles (T1au995 ) - Santa F<~ !T101J-oo.9s) = 34111 38'·032 ± "•013. 
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(01) DIFFERENCE 01' LONGITUDE BETWEEN EL PASO. TEX., AND SANTA F~, N. :MEX. 

i Observers at- From From I 
I I wE~ti;~~a°r ! ~~~~,~~nF~r 'v - E 
i H. P. \ s. F. signals. ! signnls. 

1 
\ 

Mean of 
W.and E. 

signals. 

I 

I 
Perso.nal 
equation. 

Difference of 
longitude 

A>. 
p. 

239 

-~~f~·~~·i1;--1
1-~-. - --,~-. -10-5:-;2-1~---:;~~~l :~~l 1-,~-. -l~-:1-§-~- -~-~-:0~: 

··----1----

tll. s. s. 
-0·025 

19 I -E J3 '539 ·484 '055 '512 
21 I '§ • ·574 '521 '053 •548 

2 10·568 
·56o 
·586 
·622 

5 
3 
3 
6 

- ·033 
- ·007 
+ ·029 + ·016 22 

J' ~ ~ ·557 ·513 __ ·o_44 ______ ·5_3_5 _ 

Mean ·050 2 10·515 

•6og 4 

Mch. 24 
25 
26 
27 
281' ~ 

c) 

2 10·749 
·721 
·694 
·647 
·666 

2 l0"7II ·038 2 10730 - -0·074 ·656 7 + ·o63 
'664 / ·057 ·693 ·619 7 + ·026 
·640 ·054 •667 ·593 5 '000 
·586 ·o61 ·617 ·543 7 - ·050 
·5~71 * ·o99 ·617 ·543 5 -0·050 

Mean -0·052 -2--10·665 - ----- -2-1~·590 - __ T ____ _ 
\Veighted mean 2 10"593 ± o"'009 

* Rcponter in ltnf\, result 4mittml froHL moo.n. 

Transmission time: 0•·026 ± O•·OOl. 
Personal equation: Sm.- Sin.= -0•·075 ± 0•·011; same from weighted means, -0•·074. 
At El Paso transit No. 18 was mounted over the old station of 1892 an<l 1893 in the United 

States Military l~eservation, west of the plaza. 
At Santa Fe transit No. 19 was mounted over the old station of 1886 in the groun<le of Fort 

;\larcy Military Heservation. The station is the same as established by the United States Engineers 
in 1873. 

(02) DIFJo'EREXCE 01" LO~Gl'1'UDE llJo:'l'WEEN EL PASO, 'l'l>X., A.ND AUSTIN, TEX. 

Transmission time: 0•·079 ± o•·00:3. 
Personal equation: Sm.- Siu.= -0•·086 ::i: 0•·00.3; same from weighted means, -0•·086. 
At El Paso the station is identical with that of 1892 and 1893. It is on the United States 

Military Heservation, due west of the l>laza. Transit No. 18 was mounted here. 
At Austin transit No. 19 was mouutetl over the new station of 1895, in the capitol grounds 

and east of the building . 

.di., El Paso (Trnm-n~ n:,) - Amit.in (Tm%)= 35m OO•·:l~~ :I: ()•·004. 
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(63) DIFFEREXCE 01'' LONGITUDE BETWl-:EN .AUSTIN, ·n:x., .AND GALVESTON, T.EX. 

r----,(~l:s:r:;~~:=-- From 
I JJate. - ----- western or 

From 
eastern or 
Galveston 

signals. 
W-E 

Mean of 
W.andE. 

signals. 
I Personal 

equation. 
Diffcr~nce of 

longitude 
<l.A 

I v. 

I 

Austin sig-

1 

A. __ c_. na!S. 
----- ______ , ___ -----1---- -· -·· 

p. I 
··---··-I ---i------

I 1895. "'· s. 
May 26 S II 47'141 

JI ~ 'I52 
June I - 1:i "I09 

2 .... ~- ·112 ·s- ..... 
3 rn ~ ·rns 

June S 
6 

I2 
I3 
16 

'1l ci 

II 47°007 
·o65 
·114 
·097 
'I09 

m. s. 
II 4To86 

"Io6 
·088 
·074 
'o8I 

Mean 

rI 47'02I 
·005 
·043 
·049 
·055 

Mean 

I s. m. s. s. m. s. 
0·055 I II 47'II3 -0·023 ,. II 

·046 ·r29 

:~~~I :~ 1

1

. ·024 ·093 
---1-----. 

47'090 
'!06 
·075 
·070 
·070 

i s. 
s +0·003 

IO I+ 'OI9 
4 - "OI2 
s - 'OI7 
4 - ·017 

·037 I II 47'!05 I I 
I ·046 -~;:044 i -f-0"023 "007 7 - 0020 

·o6o ·035 ·05!l s - ·029 
·071 ·079 '!02 7 + ·0:5 
·048 • ·073 ·096 7 + ·009 
·054 ·o82 I . IOS I 6 +0·018 

0·056 ·1·~;:063 ----- ~;:cls4 [-------

: I I 

Weighted mean I I 47°o87 ± 0"'004 

Transmission time: 0•·023 ::!:: 0•·002. 
Personal equation: Sm. - P. = +0•·021 ::!:: 0•·006; same from weig11ted means, +o··02~. 
At Austin transit No. 19 was mounted over the new station of 1895 in the capitol grounds, 

east of the building. 
At Galveston a new station was established in 1895, at which transit No. 18 was mounted. 

It is near the middle of the north side of the Ball High School square, and is connected by trian­
gulation with former stations as follows: Station of 1868 east of north tower of cathedral 94·81 
metres, or 0•·234; station of 1885 U"est of same 71"'·49, or 0•·177; station of 1895 we8t of same 
50""66, or 0•·125. 

L1lt, Austin (T1895) - Galveston ('1'18%) = 11"'47•·087 ::!: 0°·004. 

(M) DIFFERENCE OF LONG1'£t7DE BETWEEN AUSTIN, TEX., .A.ND NEW ORLEANS, LA. 

L. ________ _ 

I Observers at-
I I I ! 

I I From From Mean of Difference of 
Date. ------- western or eastern or W-E w. and r:. I Personal longitude p. v. Austin New Orleans equation. 

i A; N.O. signals. signals. signals: .i..>. I 

I 

-. I ~ 

I 

---··---------- --- --
I895. 8 m. s. m. s. I s. tll,. s. s. 111. s. s. 

"' June 23 c I 30 40·097 30 40·039 0·058 30 4o·o68 +0·023 30 40·09I 4, -0'I39 
I ... ..ci 25 t: .-=: ·248 ·177 ·071 '2I2 ·235 4 + ·005 

27 : 
~ E ·2~8 ·185 ·053 '2I2 ·235 s ' + ·005 

J 
rn -------- I 

ci 14 Mean 0°o6I 30 40.164 i 
---------- I 

July 
IO I Ei ci 30 40·403 30 40·3w 0·093 30 40·356 -o·o66 ·290 4 

I 
+ •o6o 

"' ·302 ·226 ·076 ·264 ·198 3 - ·032 
i3 I "' 13 c ·357 ·2¢ ·o6r ·326 ·26o 4 + ·030 ... "' ·0491 ·320 

I 
14 ::s 0 ·345 ·296 ·254 3 + ·024 

ii.. :s IS ·324 ·258 ·006 I ·29I ·225 IS - ·005 
~ ,...; 
ci < Mean ci-o69] 30 -~0·3II 
ci s July 23 "' 30 40·253 30 40·153 0·100 30 40·203 +o·o66 ·2691 6 + ·039 
13 "' 24 = ·264 0 I8I ·o83 '222 ·288 7 ' + ·058 
"' ... 

27 0 ::s ·161 ·097 ·o64 ·129 ·195 s! - ·035 
28 :s ii.. 

"I74 "I07 ·o67 ·140 ·200 I sl ·- ·024 
,...; ~ --,-----------:---j-----

< d Mean 0·078 30 4o·I74 30 40·2291 : 
- -···---------- ------

Weighted mean 30 40·230 ± o''OIO I 
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Transmission time: 0"·035 ± 0"•002. 
Personal equation: Sm.-P.=0'·023±0'·006 as determined at Austin and Galveston in May 

and .June, 1895. P.-M.=+0'·060±0'•009; same from weighted means, +o··06H. 
At Austin transit No. rn was mounted over the new station of 18!}5 in the capitol grounds 

and east of the building. 
At New Orleans the station is identical with that of 1880 near the center of Lafayette square; 

transit No. 18 was mounted on the old pier. It is east of the old astronomic station of 1858, 0"866. 

LfA, Austin, ('J\89,,) - New Orleans (T1ee0_95 ) = 30m 40'•230± 0"•010. 

(65) DIFFEirnNCE 010 LONGITUDE BETWEEN CAMBRIDGE, MASS., AND CALAIS, ME. 

I western or I eastern or 1 ... · 1\.fenn °~ ; Perso!ml j DifTer~nce of : 
J ObscrYers at- From , From ' I i : . I TI! 

Date. ,--·-- ... ·--- Cambridge 1 Calais 

1 
W-1'; w, and .E. equnt1011., longitude I>· 71• 

1----1-=:::_ Cal. ~~~~-!- sign~~"-~- ____ 1___:::!•_· - ---- --!~--i---: I 

l~~~·21 I i: · ;5 2;:212 I ;5 2;:145 
1

1 ~·o67 , ;5 2;:178 +~:100 I ';5 2;:2s4 I 2 +C:.001 I 

25 . "' § ·241 I ·171 ·070 ·200 ·312 7 + ·029 · 
27 ~ = ·2371 ·1361 ·101 ·186 ·292 6 + '009 ' 
30: ~ :; ·111 ·111 ·066 ·144 ! I ·250 9 ·033 

Sept. r · .-. i:.. ·224 ·165 ·059 ·194 ' ·300 6 + ·017 
2 I ,..; ~ •203 . ·136 , •o67 "170 •276 6 °007 

..: d :\lean I~- ~;~;g;;-
1 ___ ·-----1 

23·385 ! ·0741 15 23"422 I -0"100 ·316 7 + ·033 
·335 I ·w2 ·386 ·28o 5 ·003 
·291 ·079 ·330 ·224 5 ·059 
·390 ·076 ·428 ·322 5 + ·039 
•326 ·oS2 •367 I "261 5 , -0"022 , 

Mean o·oS3 -~3 ·387 ----1~;.283 ---:-----! 
I ' 

Sept. 5 8 ci 15 23 ·459 15 "' 8 "' s ·437 = 
IO 

.... 'Ji ·370 :I 0 
13 Po< ~ ·466 
14 ~ ,..; ·4o8 

d < 
---------- ______ , 

\Veighted mean 

Transmission time: 0"038 ::l: 0'·001. 
Personal equation: P.- M.= + 0"·10a :.t 0'·005; same from weighted means, -O'•lOG. 
At Cambridge transit No. rn was mounted on two granite piers, same as in 1872, and :.!2·918 

metres, or o•·096, west of the center of the dome of the Harvard College Observatory. 
At Calais transit No. 18 occupied the old station of 1857 and 1866; it was mounted on a 

granite block in the grounds and south of the Oaht1s High School, formerly the Calais Academy. 

LI>., Cambridge, Harvard College Observatory (D) - Calais (T) = 15m 23"·187 ±: 0'•007.• 

*The former value mado up of two links, Yi;:: Ca111hri1l~e to Bangor in 1851 (9"' 23•·080± 0'·043), nncl Bnnp;or 
to Cnlais in 1857 (Gm 00•·316 ::I: 0-•·01"), wa.~ 15"' 23•·396 cl: 0 ·(l.16. Tho tlifferent"c from the 18!15 Yalue is 0•·21, by which 
amount the tmm1-Atlnntic determination of 1866 now becomes smaller thun tho value adopt.oil in 1884'. 

G584--16 
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I 

I Date. 

1896. 
Feb. II 

I2 
I8 
I9 
20 

I 
Feb. 25 

26 
27 
29 

Mar. I 

(66) DIFFERENCE OF LONGITUDE BETWEEN KEY WEST., FLA., .AND CHARLESTON, S. C. 

Observers nt-

K.W. c. 
------

...; 
§ ·a 
::: c:i ...., ::: 
" p.. i:i3 
~ :Ii 
ci u 
...; a ·o; 

"' ] ::: ..... 
" i:i3 p.. 

:Ii ~ 
u ci 

F rom 
tern or 
y West 

wes 
Ke 
sig nals. 

---

"'· 7 

7 

s. 
29·511 

·474 
·495 
·519 
·530 

29·8I2 
·825 
·797 
·8I6 
·So7 

L 
'.L'ransmission time: 0'·153 ::I: 0'·004. 
Personal equation: S. - P. = + 0'•155 ± 0'·003; same from weighted means, + 0'•157. 
At Key West tran.sit No. 18 was mounted on a brick pier at the new station in Government 

grounds southwest of the post-office and custom-house. 
A.t Charleston the station is the same as that occupied in 1880 on Citadel square; transit No. 

19 was mounted on two granite posts; it is 8"·48 or 0•·565 east of the Orphan Asylum cupola. 

r·------ -
I 
I Date 

Llil., Key West (T1896) - Charleston (T1880_96 ) = 7'" 29'·509 ± 0'•003. 

(67) IHFFERENCE <W LONGITUDE BETWEEN A'.l.'J,ANTA. G.A., AND KEY Wl•S'l', FLA. 

Observers nt-

A. K.W. 

From 
western or 

Atlanta 
signals. 

l From 
eastern or 
Key West 
signals. 

IW-E: Menn of 
W.and F.. 
signals. 

Personal I DifTert;nce of 
equation. lon~~ude p. v. 

1--l~;- ·- --- - --- ------ ---s.-- - s. -·-· -m-. --s.-- --:--- -m-. --s.-- --- --s~-- -

[ Mch. 7 I9"46o ! 0·328 IO 19·624 +o·I20 IO 19"744 8 -0·021 
8 ·440 I ·323 ·6o2 ·722 II - ·043 
9 ·445 - ·3091 •6oo ·720 4 - ·045 

13 ·4951 ·307 ·648 ·768 13 + ·003 
14 ·522 ·320 I -682 ·So2 21 + ·037 

Mch. 20 
21 
25 
26 
27 

-----I 
Transmission time: 0"·169 ± 0'·003. 

Mean I~~~~~ 
I9'686 I ·332 IO 19·852 -0·120 ·732 9 - '033 

·7051 ·370 ·890 ·770 5 + ·005 
·737 ·365 "9I9 ·799 4 + ·034 
721 ·353 •8<)7 ·777 8 + ·012 

·"" ; .,,, ·sss ·168 ·, +0·0031 
Mean :-~1~-~~-----_:: __ 19:76o --~--------

Weighted mean IO I9'765 ±d'"007 

Personal equation: S.- P. = +0'·129 ± 0•·007; same from weighted means, +0-'·120. 
At Atlanta transit No. 19 was mounted over the granite piers of the old station of 1874 and 

1879 in the grounds of the State capitol; in 1896.the centre of the transit was 38 cm. (equivalent 
to 0"·001) east of the transit of 1879. · 
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At Key West transit No. 18 was mounted on a brick pier at the new station in Government 
grounds southwest of the post-office and custom-house. 

L1J.., Atlanta ('rrn96)-Key West (T1896)=10"' 19"765 :I: 0'·007. 

(68) DIFFERENCE 01'' LONGITUDE BETWEEN J.ITTLE HOCK, ARK., A.ND .A.TLA!'TA, GA. 

; Observers at- i 
1----,----1 

L. R. A. i 
Fro tu 

western or 
Little Rock 

signals. 

Front 
eastern or 

Atlanta sig­
nals. 

W-E 
Menn of 

W. and E. 
signals. 

Personal 
equation. 

Difference of 
longitude p. v. 

.i.>. 

----------·----- -------- ---·-·-- _,, __ --

i896. e 
Apr. 2 ol 

i:: 4 .., 
::I 

5 ;:... 
7 i 

ci 
Apr. IO ...: 

II '@ 

I3 u 
i:: 

I4 iii 

<..i ci L __ I ____ _ 

I"'· 
s. 

31 32·317 
·310 

i 

I 
·315 
·269 

31 32·558 
·5¢ 
·521 
·528 

111. s. s. "'· s. s. Ill. s. s. 
31 32·202 0.115 3I 32·26o +o'II9 3I 32·379 12 +o·oro 

·199 'I I I ·254 '373 IO + ·004 
'I84 ·131 ·250 ·369 8 '000 

'I56 ·113 '2I2 ·33I 4 - ·038 
---------

Mean 'II8 31 32·244 
---------

31 32·4I5 ·143 ·486 -0·119 ·367 I2 - '002 
·462 . 134 ·529 '4IO 6 + ·04I 
·405 [ ·116 ·463 J ·344 5 - ·025 
'4II 'Il7 ·470 ·35I 6 -O'OI8 

'--------!-------------.----
Mean ! O'I28 3I 32·487 I 3I 32·365 J 

-----;;..~g~ted me.n . 3' 3'·3&j±o'·005 j 
Transmission time: (J•·061::1: O•·OOI. 
Personal equation: S.-P.=+0•·122::1:0'·005; same from weighted means, +0"·119. 
At J .. ittle Rock transit No. 18 was mounted on a pier built over the old station of 1885 in the 

southwest corner of the post-office and custom-house block. The pier of 1896 is 13 cm. (less than 
0'·001) icest of the pier of 1885. The 1882 station could not be recovered. 

At Atlanta transit No. 19 was mounted over the granite piers of the old station of 1879 in 
the grounds of the State capitol; in 1896 the center of the tr:msit was 38 cm. (equivalent to 
O•·OOl) ea11t of the transit of 1879. 

L1J.., Uttle Hock (T18us.93-96 )-Atlanta (T1896)= 31111 32'·369 :I: 0"005. 

(09) DU'FERENCE OF LO::!<GITUDI~ BETWEEN CHARLESTON, S. C., AND W .A.SIIINGTON, D. C. 

I Observers ut- Fro111 From Mean of ! Difference of I 
I 

Date western or eastern or W-J~ W. and E. Perso,nal 1 longitude p. I 

[_c. I____:_ 
- Charleston Wa~hinr,ton 

v. 
signals equation. J .i.>. 

signals. s1gna s. I 

---
I896. ....: ~ m. s. m. s. s. 111 • s. s. '"· s. s. 
Apr. 21 t:l ·~ II 31·629 II 3I'544 o·o85 II 3I ·586 +0·174 II 31·76o 8 -<J'004 ol 0: 

22 i:: u ·6o4 ·537 ·o67 ·570 ·744 9 - '020 ..., 
i:: 26 ;::l 
iii ·632 ·558 ·074 ·595 ·769 8 + ·005 

28 Po< ·640 ·58o ·o6o '6!0 ·784 8 + '020 
~ ,_; 

...... -------. 
0 u Mean ·072 II 3I'590 

---------
May 3 

~ 
I I 31 ·978 I I 31 '9I3 ·065 II 31 ·946 -0·174 ·772 5 + ·ooS 

4 ...: 32'00I ·950 ·051 ·976 ·8o2 2 + ·038 ·o; 
6 u t:l 3I ·955 ·893 'o62 ·924 ·750 12 - 'OI4 
7 i:: 

..., 
31 ·987 '935 I ·052 '¢I ·787 2 I +0·023 ;::l 

iii '1< ;----------·----------.-----
I ::i::: ~ II 3I'952 II 3I·771 ! I Mean J 0·058 I 

L __ 
<..i 0 I 

~ ' 
i 

Weighted mean 3I ·764±0•·005 
I 

II 
; 

Transmission th~e: 0"·032 :I: 0•·001. 
Personal equation: S. - P. = + o•·l81 :I: 0•·005; same from weighted means,+ 0'·174. 
At Charleston transit No. rn was 1uounted over the granite posts of 1880, in the Oitadel 

grounds, and 8."48 or 0'·565 east of the Orphan Asylum cupola. The station of 18.'>0 and 1853 is 
abandoned. 
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At Washington transit :No. 18 was set over the station established in 1878 in the grounds of 
the United States Naval Observatory (old site), now (1896) the Museum of' Hygiene. This station 
is 44·714 metres or 0'·124 west of the small central dome (centre) of the building. 

Llil, Charleston (T1880.oo)-Washiugton United States Naval Observatory, old site, 
(D) = 11111 31'·888::l::O•·Ofl5. 

(70) DIFFEHENCE 01"' LONGITUDE IlETWJo:EN WASJIINGTOX. D. C .• AND CA11IHUDGE, MASS. 

I
·----- -·· ·-----·--

Obser\'c. rs at- Front 
1 

western or Date. -- ··-· --- Wa~hington 

, W. C. signals. 

From 
eastern or 
Cambridge 

signals. 
W-1': 

Menn of 
W.andH. 

signals. 

Personal JI DilTen;nce of ----i- ----1 
equation longitude p. , v. 

. _;\,\ I 

18¢. 
May 14 

16 
17 
27 
29 

----,-,-11-.--s.---.-,,.--s-. - --s.-- -,,:- ··~---·· 

..: · 23 41 ·oS2 23 40·997 o·oS5 i 23 41 ·040 -=;~:~
11: ;;~ti:-- 41-+~·017 

·o; ·049 40·953 ·o¢ ·001 
] ·o63 41·001 "o62 ·032 

·144 5 i ·022 

U5 ·125 41·054 ·071 41·089 
::ci ·022 40·979 I ·073 ___ 4~9s5 I 

·232 3 + •o66 

I 
"liS 41 + ·009 

·128 l 5 - ·038 

0 cj 

June l I 23 41·464 23 
2 ..: s ·470 
5 ·a ol ·294 g c 10 .., ·321 

::l 12 U5 '1< ·316 
17 :r: ii ·251 

u d 

Mean j_ 'OT'.'_,~-~ I ·029 i 
41·376: ·oS8 I 23 41·420 I -0·143 ·277 4 \ + ·111 

·373 ·097 ·422 . ·279 5 + ·113 
·222 : ·072 ·258 · ·115 1 I ·051 
·255 I "o66 ·288 I ·145 6 I - ·021 
·251 ·1 ·o65 ·283 i ·140 4 -- ·026 

·16o -~~-l--~2o6 / _____ ----~063 __ 4 -1-0~~ 
Mean l o·oSo j 23 41·3~3 i 23 -~1_·_1~~L ___ I 

Weighted mean 23 41·166±0'·014 -1 
'-·---·-------'--------------------------------~ 

Transmission time: 0"·039 ::!:: os.OOl. 
Personal equation: S.-P.= +0··142 ::!:: 0'·013; same from weighted means, +0'·143. 
At Washington transit No. 18 was mounted over th'e old station of 1878 in the grounds of the 

United States Naval Observatory, old site, now (1896) the Museum of Hygiene. This station 
is 44·714 metres or 0"·124 west of the centre of the small central dome of the building. 

At Cambridge transit No. 19 was mounted over the station of 1872. It is 32·918 metres or 
0'·096 west of the centre of' the dome of the Harvard College Ol>Servatory. 

L1i\, Washington, United States Naval Observatory, old site, (D)-Camhridge, Harvard College 
Observatory, (D) = 23m 41"·138 + 0•·014. 

(ii) 'I>IFFEREXCE OF LONGITUDE BETWEEN ALBANY, N. Y., AND CA1[13R!I>GJo:, ~lASS. 

cn~~~~11 or I , II Mean o1~ 1

1 

l'ersonnl II DifTer~nce of I 
Cambridge \\ - F. \V __ and . " equation. longi tucle f>. v. / 

-~s.ignals. 
1 

___ 

1 

__ "'~~':
1

~'· __ ; _____ -~~ _____ -----

m. s. .s. m. s. I s. m. s. s. 
IO 29·081 0·035 j IO 29·098 . ·---0·279 IO 28•819 8 -j-0·044 

·051 ! ·058 I ·oSo I ·Soi 5 + ·026 
29·029 I ·044 I ·051 ·772 3 ·003 
28·975 I ·057 I ·004 . ·725 5 ·050 
28·990 . ·054 I ·017 ; ·738 6 ·037 

Mean I ·050 -,~9·050 : 
1---.-----1 

10 28·429 j ·037 ' JO 28·448 I +0·279 ·727 4 ·048 
·473 1 ·035 °490 ·769 IO "006 
·521 I ·042 ·542 i ·821 1 + ·046 
·479 I ·038 ·498 I ·777 3 + ·002 
·462 : ·033 ·478 I ·757 4 I -0·018 

! 
_____ , ____________ _ 

Mean , 0·037 JO 28·491 1 JO 28·771 I 
,_I 1 ~ 

Weighted mean 10 28·775 ± o'·ooS 

-------------------

[
!- Observers at- I Fron1 

I> t , -------1 western or 
. a c. I Albany i-- ----- ~~:-~:-1~nals. 

1896. i 11/, s. 
A1;1g. 25 i ..; IO 29·116 

261 ·o; ·109 
28 ] -~ ·073 
29 ;~ &': ·032 
30 I v; ·044 -

1

· 

~ ~ 
U I ii 

Aug.31 ..: IO 28·466 
Sep. 

ci 
·o; ·5oS 

4 ' <i ·563 
7 ~ ·c c 

0: en ·517 
8 ;.:.. 

·495 
,...:i ::r: 
Pi 0 

L_ 
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Transmission time: 0"·022 ::!:: 0"·001. 
Persoua] equation: S. - F. = + 0"·280 ::l 0'•009; same from weighted means,+ 0'•279. 
At Albany the old station iu the grounds of the Dudley Observatory, old site, established in 

1858 and used in 18!H, was reoccupied in 1896; transit No. 18 was mounted over the station, which 
is 18·63 metres or 0«055 east of the centre of the dome of the observatory .. 

At Cambridge the old station of 1872 and 1895 in tlle grounds of Harvard College Observatory 
was reoccupied; transit No. 18 was placed over the station, which is 32·918 metrns or 0•·096 west 
of the centre of the dome of the observatory. 

LI}., Albany Dudley Observatory, old site, (D) - Cambridge Harvard College Observatory 
( D) = JOm 28•·926 .::!: 0'·008. 

(72) lllFl'ERENCE OF J,ONGITUDE BETWEEN ALBANY, N. Y., AND :MONTREAL, CANADA. 

I ' I 

Date. 
Menn of 

W.nndE. 
signals. 

Personal 
equation. OIA>~.ervcl:.~sl\Rlt.-1· w~~~:~~or ~~~~~[£'~{ I \V - H ii 

signals. signals. 

! ---- ·--·-·-
l--18-96-. - ---1-,,,-. -s-

1

--,,,-. -:: . I s. I "'· s. s. 

Sept.16 o 41:050 o 41·oo6: 0·044 ! o 41·0281-f-0·266 
20 '086 4 I '047 . ,039 . 'o66 
24 ·036 40·9981 ·038 ·017 
28 ' '022 40·987 ·035 ·005 

Oct. 9 i ·052 41·0161 ·036 ____ ~034 

Oct. 10 

15 
19 
21 
26 

0 41 ·525 
'569 
·617 
'639 
·578 

Mean !_ ·0381~~030 
o 41·491 . ·034 I o 41·508 -0·266 

·538 ; ·031 ·553 
·58o ·037 ·598 
'599 ·040 ·619 
·526 ·052 ·552 

Mean ! 0·039 
I 

0 41·566 i 

\Veighted mean 

Difference of i 
longitude · 

ll.,\ 

m. s. 
0 41 ·294 

·332 
·283 
·271 
·300 

Ji. 'V. 

s. 
5 I -0'003 
6 + ·035 
3 - ·014 
6 - ·026 
5 + ·003 

7 ·055 
4 '010 

II T '035 
4 -!- ·056 

15 -O'OII 

0 41 ·297 ::±= O''CXJ7 L_ 
-- ------ ----- ----·--·------------·-----

Transmission time, o··019 :l: 0'·001. 
Personal equation, S. - F. = + 0"·268 ::!:: 0"009; same from weighted means, + 0'·!!66. 
At Albany the old station in tlle grounds of the Dudley Observatory, old site, established in 

1858 and occupied in 1891, was reoccupied in 189G; transit No. 18 was mounted over it. It is 
18·63 metres or 0"055 east of the centre of the dome of the observatory. 

At Montreal transit No. 19 was mounted in the astronomic observatory of McGill College in 
the place of the observatory transit, which was removed from its (eastern) pier. 

L1A, Albany Dudley Observatory, old site, (D) - McGill College Observatory or Transit House 
(T 169roo) = 0 111 41"·352 ::!:: 0'•007. 

It will be both instructive and useful to exhibit and evaluate the variation in the personal 
equation from a series of measures between practiced ouservers and extending over a number of 
years. In this field of inquiry the survey offers several excellent examples taken from the present 
collection of re~mlts, and supplemented by intermediate results })ertaining to 1 inks not included in 
the general longitude net. No accou11t is here taken of the different declinations of the stars. 
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Personal equation (not reduced to equator). 

i= H. Smith-C. H. Sinclair. 1---C-. H_. s_i_n_c1_a1-·r_-_R_._A_._M_a_r_r. __ _ 

1881 Aug. and Sept. -t-o:'i23 ±o·~ 1886 Sept. and Oct. +o·~SS ±o·~ 
1881 Nov. and Dec. + ·oS5 o6 I 1888 Sept. + '2IO 09 
1885 Apr. and May + ·047 o8 1888 Oct. and Nov. + ·144 l r 
1885 May and June + ·131 03 1888-9 Dec.andJan. + ·214 IO 
1885 July and Aug. + ·110 10 1889 Jan. + ·233 05 
1886 May and June + ·o62 08 1889 Jan. and Feb. + ·225 07 
1886 June and July ·010 o6 1889 Feb. and Mar. + ·267 07 
1886 July and Aug. + ·023 12 1889 Mar. and Apr. + ·278 12 
1886 Aug. and Sept. - ·056 04 1889 Apr. and May + ·217 12 
1887 May and June - ·038 IO 1889 May and June + ·282 18 
1887 June July and}_ "UY> 1889 June and July + ·246 07 

Aug. -:1 r3 1889 July + ·275 o8 
1887 Sept. - · r II 13 1889 July + ·265 05 

C.H. Sinclair-G. R. Putnam. -·I 

s. s. 
1891 May and June +o· 184 ±o·or 1 
1891 June and July + ·140 o8 
1891 July + ·172 06 
1891 Aug. + · 16! IO 
1891 Aug. and Sept. -+ ·176 II 
1892 Feb. and Mar. + ·16o o6 
1892 Mar. + ·192 04 
1892 Mar. and Apr. , ·140 02 
1892 Apr. -1- ·150 05 
1892 Apr. and May + ·126 04 
1892 June and July + ·109 IO 
1893 Feb. and Mar. + ·oS2 IO 

1896 Feb. and Mar. -+ ·155 03 
1887 Sept. and Oct. - ·r6o 09 1889 July and Aug. + ·228 15 
1895 Feb. and Mar. - ·093 II 1889 Aug. : ·284 o8 
1895 Mar. - ·075 1 r 1889 Aug. and Sept. + ·226 o6 
1895 Apr. -o·o86 ±0·005 1889 Sept. + ·258 07 

1890 May and June + ·166 14 
1890 July + ·238 IO 
1890 July and Aug. + ·237 14 
1890 Aug. +0·278 ±o·oo6 I 
Mean S.-M.= +0·241 
Prob. error·* of a single value :1:0'·026 

1896 Mar. + ·129 07 
1896 Apr. + ·122 05 
1896 Apr. and May + ·181 05 
18¢ May and June + ·142 13 
1896 June and July +0·124 ±0·008 

Mean S. -P. = +0·147 
Prob. error* of asingle value ±os·o20 

Mean, Sm. -Sin. -o·ow 
Prob. error* of a single value ::!:o'·o63 

-----------··------~-----------~ 

•· 'J'his value 1nny ho t
1

aken us n. monRure of variability of tho ponmnul equation. 

EFFECT OF THE VARIATION IN LATI'l'UDE UPON THE RESULTING DIPFERENCES OF LONGI'l'UDE. 

The correction to an observed difference of longitude ou account of the variation in latitude 
and the consequent periodic shifting of the direction of the meridian is in general very small. 
Only the difference of the effect at the two terminal stations will enter, besides the longitude 
links are short and their latitude difference generally small and the latitudes themselves com­
paratively low, all of which tends to keep the correction small. It is fair to assume that it is 
within the limits of the probable errors of observation; even in au extreme case as in the cable 
determination of 1892, Greenwich to Montreal (say about 1892·78)• when the two poles were 
widely separated, the correction was not far from -0'·01. Considering that the coordinates of 
the moving pole are themselves still subject to considerable uncertainty aud improvement and 
that the whole effect on the longitude system is to some extent compensatory, for both the annual 
and the fourteen mouths periods, it was thought that the application of so small and uncertain a 
correction was not called for at the present time. 

ADJUSTMENT OF '.1.'lIE LONGl'.l'UDE NET CONNECTING GREENWI0117 ENGLAND, AND SAN 

FRANCISCO, CAL. 

The preceding abstracts of results show that 45 longitude stat.ions are bound together by 72 
determinations of difference of longitude; there are, therefore, 28 more measures than absolutely 
required, henc'e they involve that number of conditions which must be satisfied in order to form a 
consistent whole. Although the method of treatment presents no novelty, it was thought advan­
tageous to recapitulate briefly the leading formulm in order that the notation and numerical work 
given further on may not require additional explanation. With regard to weights to be given to 
the individual differences of longitude, the fact that in every measure there exists a certain limit 
of accuracy, beyond which the probable error of the operation can not be depressed, no matter 
how often we may repeat the measure, has been kept in view. Any resulting numerical value of 
the probable error less than this adopted minimum limit may be regarded as more or less fictitious; 
of such values, that is less than supposed ::!: O•·OOS, there are in our table 17 cases, of the whole 
number 72; these have each received the maximum weight, notwithstanding their range from 
-----·----------

*Actual datu not known, at the ussumecl <late the Greenw.ich correction become8 z<•ro. 
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± 0"007 to ± 0"·003. As an example of the inclusion of obscure errors not apparent in our com­
puted probable error, we may take the following illustration: 

8. s. 
AA ·washington Na.val Observatory, old site and 

1
' ' ' , new site 

} + 3·670 ±0·012 

AA 'Vashington Ne.val Observatory, old site und } +10.462 
" Coast und Geodetic Survey Office 

±0·008 

AA 'Vashington Coast a.nd Geodotio Survey Office and }-14·465 
" Navnl Observatory, new site. 

±O·OOG 

Closing error =0'·067 ::I: O··OlG; here the closing error is four times as great as the probable 
error would indicate. The relative values of the reciprocal of weights as shown in the synopsis 
are those of 1/p =10~ f. 2, where the multiplier 10~ is introduced for convenience of computation. 

ar. 

1866 

1866 

3 1866 

4 11369 
5 1869-70 
6 187 0 

7 187 2 
8 187 2 
9 187 2 

10 187 2 

II 187 2 

I 
I 
I 

12 187 

13 187 
0 

I~ 1879-
15 188o 

:So I 
16 IR8o 
17 188o 
18 188 I i 
19 188 
20 188 

21 188 

l 

I I 

I 
22 188 l 
23 188 I 
24 188 2 
25 188 2 
26 1882 -83 
27 188 
28 188 

3 
3 

29 188 5 
30 188 5 
31 188 5 

32 

~~ I 35 
7 
7 
7 
7 
8 

36 ' 37 I 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 

1886 
1886 
188 
188 
188 
188 
188 
1888 
1888 

18fs8-8<} 

48 

49 
50 
51 
52 
53 
54 
55 
56 
57 

9 188 
188g 
188g 
ISgo 
ISgo 
ISgo 

18g 

18<} 
IBg 
18<) 
18<} 
18<} 
IBg 
18<} 
18<} 
18<} 

I 

I 

I 
I 
l 
2 
2 
2 
2 
2 

Telegraphic longitude syBtcm of the United StateB a11d ·itB connection with E111·ope. 

Month. 

Oct., Nov. 

Nov. 

Dec. 

Feb. 
Dec., Jan., Feb. 
Jan., Feb. 

July 
July 
July 

July, Aug. 

Aug., Sept. 

Jan., Feb., Mnr. 
Nov. 1 Dec. 
Dec., Jan. 
Feh. 1 Mar. 
Illar., Apr. 
lllay 

May 

Mny, June 

July, Aug. 
Aug., Sept. 
Sept., Oct. 
Oct., Nov. 
Sept., Oct. 
Oct., Nov. 
Nov., Dec., Jan. 
June 
Sept., Oct., Nov. 
Apr., May 
May, June 
July, Aug. 

May, June 
Aug., Sept. 
May, June 
June, July, Aug-. 
Sept. 
Sept., Oct. 
June, July 
Aug. 
Aug., Sept. 
I>ec. 1 Jan. 
Mar., Apr. 
Apr., May 
May, June 
July 
July, Aug. 
Aug. 

May, Jnne 

June, July 

July 
Aug. 
Aug., Sept. 
Feb., Mar. 
Illar. 
Mnr.,Apr. 
Apr. 
Apr., May 

SYNOl'SIS 01<' OBSEitVED DIFJ.<'ERENCES 01<' LONGITUDE. 

Western station. Reference. Hastern station. 

Heart's Content, Tr. }toilho1nn1eru1111 Ire-
Newfoundland !and 

Itoilh01n111cnu11 1 Ire- Tr. Greenwich. }£ngland 
lnnd 

Calais, ?w:le. Tr. Heart's Co 11 tent, 
Newfoundland 

Salt Lake City, Utah. Tr. 01naha 1 Nebr. 
Cambridge, Mass. Dome Duxbury, Mass. 
Duxbury, Mass. Tr. Brest, France 

Brest, France Tow. of S. I,. Greenwich, 1'~ngland 
Dre~t. Prnnce Tow. of S. L. Paris, Jtrnnce 
St. Pierre Island, !Iii- 'l'r. Drest1 Fra nee 

quclon 
St. Pierre Islnnd, Mi-Cambridf:'" MRss. Do1ne 

quelon 
Greenwich, ~nglnnd Tr. Cir. Paris, France 

Atlnnta, 'en. Tr. Washington, D. C. 

NnshvilleL Tenn. Tr. I,ouisvi!le, Ky. 
Nashville, Tenn. Tr. Atlnntn, Gn. 
New Orleans, Ln. Tr. 18<}5 Nashville, 1~cnn. 
New Orleans, Ln. Tr. 18<}5 Atlnntn 1 Ga. 
Atlanta, Ga. 'l'r. Charleston, S. C. 

Washington, D. C. {Don1e 
Old site }cape May, N. J. 

Detroit, Mich. Tr. 18<}1 Cn111bridge 1 Mass. 

Cincinnati, Ohio Don1e Washington, D. C. 

~ashville, Tenn. Tr. Cincinnati, Ohio 
Ht. Louis, Mo. Tr. 1882 Cincinnnti, Ohio 
St. Louis. lllo. Tr. 1882 Nashville, Tenn. 
Kansas City, 'Mo. Tr. St. I.ouis, Mo. 
Omahn, Nebr. Tr. st. Louis, Mo. 
On1nha 1 Nebr. Tr. Kansas City, lllo. 
Montreal, Canada :\lcG. Col. Tr. Cambridge, Mass. 
Chicago, I!!. Tr.18<}1 Louisville, Ky. 
Galveston, 1'ex. Tr. 18<}5 Little Rock, Ark. 
Kansas City, Mo. Tr. I,ittle Rock, Ark. 
Colorado Springs, Tr Kansas City, l\lo. 

Colo. 
Santa Fl!. N. lllex. 'l'r. Colorado Spgs., Colo. 
Salt Luke City, Utah. Tr. Colorado Sp/,(S., Colo. 
San Fra ncisco1 Cal. Laf. rrk. Snit I,akc Ctty, Utah 
Portland, Oreg. Tr. San Francisco, Cal. 
Portland, Oreg. Tr. Wnlla Wnl!a, Wash. 
Wal!a \Val!a, Wash. Tr. Salt Lake City, Utah 
Portland, Oreg. Tr. Seattle, Wash. 
Seattle, ,_Vo.sh. I}; Wal!a Wnlla, Wash. 
Walla Wnlla, Wash. IIelcua, l\1ont. 
San Francisco, Cal. J,af. Prk. Sacrntnento, Cnl. 
Sacratnento, Cul. Tr. Los Angeles, Cal. 
San Frn ncisco, Cal. r.af. Prk. Los Angeles, Cal. 
Los Angeles, Cal. Tr. Needles, Cal. 
Helena, Mont. Tr. Salt !,akc Citlj l.Jtah 
Helena, Mont. Tr. Bistnnrck, N. ak. 
Bis1nnrck 1 N. Dnk. 'fr. ?vtinneapolis, ]\.finn. 

Cape May, N. J. "J'r. Albany, N. Y. 

Detroit, Illich. Tr.1891 Albany, N. Y. 

Chicago, lll. "J'r. 18<}1 Detroit, !llich. 
Minneapolis, Minn. Tr. Chicago, Ill. 
01nnhn 1 Nebr. Tr. ?wtinn~npolis, !ftiuu. 
Los Angeles, Cal. Tr. San I>iego, Cnl. 
San Diego, Cal. Tr. Yuma. Ariz. 
I,os Angeles, Cal. Tr. Yuma, Arb:. 
Yutnn, Ariz. Tr. I Noj:!n.les, Ariz. 
Nogales, Ariz. Tr. El Pnso, Tex. 

I 
I 
I 

I 
I 

I 

Observed j Reci1>-
Rcferencc. difference of Prob. rocal of 
_____ 

1 
__ 1_o_n_gi_·_1u_d_c.~ 1 error. l'veight. 

Tr. 

Tr. Cir. 

Tr. 

Tr. 
Tr. 
Tow. of 

S. I,. 
Tr. Cir. 
Ill. of F. 
Tow. of 

S. I,. 
Tr. 

M. of F. 

{
Danie 
Old site 
Tr. 
Tr. 
Tr. 
Tr. 
Tr. 

Tr. 
Donte 

{
Dome 
Old site 
Dome 
Do111e 
Tr. 
Tr. 1882 
Tr. 1882 
Tr. 
Dotne 
Tr. 
Tr. 
Tr. 
Tr. 

Tr. 
Tr. 
Tr. 
I,af. Prk. 
'l'r. 
Tr. 
Tr. 
Tr. 
Tr. 
Tr. 
Tr. 
Tr. 
Tr. 
Tr. 
Tr. 
Tr. 

{
Dotne 
Old site 
Dotne { Old site 
"l'r. 1891 
Tr.18g1 
Tr. 
Tr. 
'l'r. 
Tr. 
·rr 
Tr: 

} 
,} 

''· 111. 
2 51 

41 

55 

I O.> 
I 

4 24 

17 
27 

3 26 

59 

9 

29 
4 
9 

13 
22 
17 
8 

47 
29 

9 
23 
13 
17 
22 
5 
9 
7 

IO 

9 
40 

4 
28 
4• 

17 
25 

I 
15 
25 
3 

12 
16 
14 

45 
30 

37 
I~ 
22 
10 
4 

IO 

14 
14 
17 

s. 
56·364 

33•34 

38·00 

49·113 
50·191 
43·2;6 

57"598 
18·533 
44°810 

48"6o8 
I 

:21"000' 

21·192 

04·451 
34·76o 
o..~·6n 
43·371 
49·222 

29.074 
40·8o6 

2<J.259 
26"682 
or8<J4 
41·207 
32·183 
56"831 
24·626 

~r~ 
04·192 
15·644 
55·327 

30·107 
18·471 
or6¢ I 
59"9".> 
19·503 
48·186 
22·486 
57"028 
14·510 
44·487 
56·840 
41 "282 
36·728 
33·577 

~:~ 
43·020 

11 ·845 

1r634 
27"414 
49·269 
22"786 
09·114 
31·974 
4f*' 4 ·520 ' 

s. I 
± 0·029 

·o6o 1· 

•o6o 

·016 
·022 I 
·0471 
·022 
·038 
·027 

·021 

·038 
·016 

·013 
'012 

"00<) 
·013 
·010 

·009 

·013 

0 0II 

•oo6 
·015 
·013 
'Oil 

'010 
·016 

·019 
·010 
"Oll 

·oo.1. 
·011 

·012 

·008 
·011 I 
·015 
·011 

·009 
·026 
·009 
•oo6 
·ooS 
·010 

·009 
·016 
·013 
·012 

"oo6 

'OIO 

·005 
•oo6 
'OIO 
·010 
·010 

·005 
•oo6 
·007 
·009 

5 
14 
7 

4 

14 

2 

3 
4 

2 I 
I 

I 

3 
2 
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1'elef/1'aph longitude .~y•tern of the Cnitecl State• and it., con11ectio" with E11rope-Couti1111rnl; 

SYNOPSIS O~' OBSERVJ>D lHFFEREKCES OF LOKGlTCDE-Coutinucd. 
----·-----·-

r~"' Y<o-:r 
! Observed I Prob J Recip- I 

Month. \Vestcrn station. Reference. Eastern stnt-ion. j Reference. difference of I · .rocalof, 

I 
longitude : ~rror. l weight.: 

___ I ·----------- --· -
I 

I J ' I ! II. m. J, 

58 IS.,2 !· i·:~i,~.· i\i~~: Montreal, Canada !llcG.Col. Tr. G_recnwich, Rn~tand Tr.Cir. 4 54 I8'67 

~I 
IS.,,) El Paso, 'fcx. Tr. I.1ttle Rock, Ar . Tr. 56 51·681 ' ;;.~ \ ; 

I 
I695 Fch., Mar. Needles, Cal. Tr. Santa l'e, N. Mex. Tr. 34 38·032 ·013 ! 2 

~~ I I895 J\Jnr. :m Paso, Tex. Tr. Santa Fe, N. atex. Tr. 2 10·593 '009 I 
I8y5 Apr. El Paso, Tex. Tr. Austin, Tex. Tr. 35 O<Y322 ·004 

6,1 I8y5 May, June Austin, Tex. 'l'r. Galveston, 'tex. Tr. I8')5 II 4To87 ·004 I 
64 I8<}5 June, July Austin, Tex, Tr. New Orleans, La. Tr. IB\J5 30 40·230 'OIO 

65 1895 Aug-., Sept. Carnhri<lge, Mass. Dome Calais, :Me. Tr. 15 23'I87 ·007 
66 IR¢ Fch., Mnr. Key West, Fla. Tr. Charleston, S. C. Tr. 7 29·509 ·003 
67 I·'«J'l ~lar. Atlanta, Gn. Tr. Key West, Fla. Tr. IO 19·765 ·007 
(d IS<}6 Apr. I.,..ittlc Rock, Ark. i Tr. Atlanta, Ga. Tr. 

!} 3I 3 2 '36<) ·005 

(><) I8y6 Apr., :;\lay Charleston, S. C. Tr. \Vashington, D. C. "{Dome II 3I'888 ·005 
Old site 

I 
;o I8<jj :l!ay, June ' Washington, D.C. Dome. Old Catnbridge, !\lass. Dome 23 4I'I38 ·014 

site. 
! Aug., Sept. 

I_ 

71 18<)6 i Albany,~. Y. Dome. Old' Catnbridge, Mass. 
I 

Dome IO 28·926 ·oos 

J site. 
McG.Col. I j2 1S<)6 Sept .. Ocl. i Alhany, ;..;-, Y. Dome. 01.1' Montreal, Canada 41 ·352 ; 0·007 

I site. I ;rr. ! 
----------

* Hstin1ated ' 0'>'03. 

'l'he method of adjustment of the measures to satisfy the geometrical conditions of the net is 
that usually follo\ved in the case of conditional observations, and in the present application is quite 
simple.• Suppose we have gi\reu as the direct result of observatiou them quantities l1 li 13 ••• 

which are connected by n conditions and let .v1 x2 x3 ••• be their most probable values; also let 
·vi Vi v3 ••• be the corrections to the observed values, so that in general we have ;t1=11 + i·1; then, 
remembering that necessarily m>n in order that any adjustment may be possible, the conditions 
involved ma.y be expressed by n equations of linear form, thus 

o = «o + n1 Xi+ a'2 Xz + 11:1 .r:i + 
0 = bo + b1 X1 + b2 ;l'2 + 1':1 .l';1 + 
0 = Co + C1 X1 + Cz Xz + 1:,, ;r:1 + 

Introducing the observed quantities, these equations will not be satisfied, but there will be 
left the discrepancies u·1 Wz 1c:1 • • • viz: 

1c1 = «o + a1 l1 + a2 lz + a3 1:1 + 
1.l'2 = b0 + bi 11 + b2 lz + b:i 1:1 + 
W3 = Co + C1 l1 + <'•l li + <'3 f:1 + 

where the sign of W; is to be taken in the sense of observed value minus true value. "\Ve have 
the11 then condition equations 

o = u-1 + a1 1'1 + a2 '1'2 + a3 ·1·3 + 
0 = U'2 + b1 1'1 + bi 1'2 + b3 V3 + 
0 = 1C:1 + Ct 1'1 + Cz V2 + l'3 Vu + 

Let p 1 Pi p 3 ••• be the weights of the quantities 11 12 13 , then the quantity [p. vv I must 
he made a minimum. 'fhis leads to the equations of correlative=-, which introduce the (as yet) 
uuk11ow11 multipliers 0 1 02 0:1 These correlate equations are 

Pi t'1 = a1 01 + b1 02 + C1 0:1 + 
Pz 1.'z = lli 01 + b2 02 + Ci 03 + 
p3 1':1 = a:1 01 + b:1 C2 + C3 0:1 + 

"Cf. T. \V. Wright, Treatise 011 tho A1lj11stment of Obser\'ations, Now York, 1884, Chapter Y, p. 213 uud foll.; 
ulso Dr. \\'.Jordan's Ycrmossungsk1111d11, Yol. I (1888), I'· 101 a111l foll. 



REPORT FOR 1897-PART II. APPENDIX NO. 2. 249 

The normal equations become 

[j] 01+ [1J 02+ [~~] 03+ .... +101=0 

which may l>e written in' the form 

iu.wiJ 0 1 + [u.abJ 0 2 + [u.ac] 03 + .... + w, = o 
+ [u.bbJ 0 2 + [u.bcJ 03 + .... + ll'z = o 

+ [11.ccj 0 3 + .... + 1c3 = o 
+ ......... . 

1 
where n = - . Solving these equations, the values of 0 1 beaome known aud consequently also the 

p 
values or 1,1 and of x1• 

Obscrva.t·ion equations.• 
H. 

0=-0·0G5-(7)+ (8)-(11) 
0=+0·174-(1)-(2)-(3)+(5)+ (6)+(7)-(65) 
0= +0·049 + ( 5) + (6)-(9)-(10) 
0= -0·105+(7)+(9)+ (10)+ (27)-(58) 
0= +0·025-(27)+(71)-(72) 
0= +0·035+ (19)-(49)-(71) 
0= -0·004-(13)-(19)+(20)+(21)+(28)-(50)+(70) 
0=+0·118-(18)-(48)+(70)-(71) 
0= +0·011+ (12)+(14)-(20)-(21) 
0=-0·082-(12)+(17)+(69) 
0= +0·052-(17)+ (66)+(G7) 
0 = -0·005+ (21 )-(22) + (23) 
0= -0·002+ (13)+ (23) + (25)-(28)- (51 )-(52) 
0= -0·022+ (24)-(25) + (2G) 
0=-0·137-(14)-(23)-(24)+(30)+(G8) 
0=-0·066-(14)-(15)+(16) 
0=-0·047 +(16)-(29)-(G3) +(G4)-(68) 
0= -0·080+(29)-(l>9)+(G2)+(u3) 
0=+0·010-(30)-(31)-(32)+(59)-(61) 
0= +0·059-( 4)-(2G) + (31)+ (33) 
0= +0·040+ ( 4) + ( 45)-( 46)-( 4 i)+ (52) 
0=+0·017-(44)+(55)+(56)+(57)-(60)+(61) 
0=-0·074+(53)+(54)-(55) 
0=-0·018+(32)-(33)-(34)+(43)+(44)+ (60) 
0= -0·045-(41)-(42)+ (43) 
0= +0·099+ (37)-(40)-( 45) 
0= -0·010+ (34)+(35)-(3G)-(37) 
0= -0·011 + (3G)-(38)-(39) 

*Their nurulrnr equals !- B + 1 or 72-45 + 1 =28. 



Correlate equations. 

I 
...... i ~ I I - I i -----------·- 1· 

~ o~ ·o I 
~ .!!l ~ a Corr's v I (7) I (8) (II) (1) (2) (3) (5) (6) I (65) (9) (10) (27) (58) (71) 
- 0~ ~a I I 

~ "°e!E ~ 11=-- 5 1 14 14 ·1 s 36 36 5 22 1 1 4 4 9 1 1 I-< U p , I 

0 >."' "' 1
1 

i 
U en 8 ·- I · 

i:l i I I I ' I i ---s. -----,-!-i----1- --:--1------,----1-1-1-1-•-•-·-·-·-
c, a -·o65 -1 ---r-1 -1 I I ! I 
(~ b +·174 +1 J 1 -1 1' -1 -1 : +1 +1 1-1 i 
C C +·049 , , , ~ +1 +1 -I -I 1 

~ d -·105 1+1 I : I I +1 +1 +1 -I 
I C5 e + ·025 1 i I -1 I + 1 I - 1 
I Co f + ·035 i I i I -I 

C /{ -·004 . I 
Ca k +-u8 I I 

1

1 I I I -1 

<; ~ +:ou I ! 
L;o J - o8

2 
I I I I I I 

~:: 1 ±-:~~ I 
C,3 m -·002 1 

c.. 11 -:022 . I I I I 
C.s 0 - 137 I 

2 2 
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( 12 l I ( 19) I ( 49 l 1 ( 13) I ( 20 l 

+1 I -I 
-I -1 I +1 

+1 

-I 1-1 

(21) (28) 

I I 
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+1 

(50) I (10) I (18) 

-I 
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+1 1-1 

C.6 p -·066 I I 
C., q -·047 i 
C.a r -·oSo ; 
C19 s -t- ·oro ; 
Coo t +·059 . 

C,, i II -t--·040 i 
c .. ! v +·017 
C23 : w -"Oi4 
C,.. , x -·ors 
c.5 I y -·045 

c.6 \ z +·099 
C21 a -·010 
C.R /) -"Oll . 

(Wasbington)f. 1
1 

(San Francisco) f. , 
l I 

I 
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Corr's v 
l 

U=-p 

Correlate equations-Continued. 

:(48)1(12)!(14)1 (17) I (69) I (66) I (67) I (22) I (23) I (25) I (51) I (52) I (24) I (26) I (30) I (68) I (15) I (16) I (29) I (63) I (64) I (59) I (62) I (31) 
l I 3 I I 2 2 3 2 

---1-1----1 l--1--1--1--··---•--1--1---1·--1---1---1---1--1---1--1---1--1---·---·--·--·--·---·---

Ca 
c c.. 

s. 
h I +·rr8 
i +·011 
j -·o82 

c,, k +·052 
c,. l -·005 
C.3 m -·002 
C,4 n -·022 
C,5 o -·137 
c,6 p -·o66 
c,1 q -·047 
C.a r -·oSo 
c,9 s +·ow 
C20 t +·059 
c.. 1t +·040 
Cn , v +·01.7 
CZ] [ w -·074 

C24 
' x -·ors C25 y -·04s 

c26 z --t-·099 
C27 j a -·ow 
C.a fi -·011 
(Washington)f. 
(San Francisco) f. 

I 

-l. 

· • f+• I +• I 
T I+• • . • • 
-• I+• 1 + ' + +• -• 1- , +• -• - +• I ; 

I I I I I I -l -I I -I 
-I I 
-I 

+1 

i +1 -\-Ii 

+1 

-I 

+1 I +1 1-1 I +1 I I -l I +1 + I -I . I -I 
-I ! +1 i +1 I -!-I 

I -1 I I 
-\-I 

-I 

+r 

].~ ~: corr's
1

v (32)ll(6~ll:~~3) (4:~:6J41) (~~(ss)- (56)~s-~ ~~l (s3)t(s4) (34) (42) (41) (43) (31)/(40) (35)1

1

(36)/(38)1(39) 
g.iS ~ ·c; 11=- - 1 1 3 I 1 2 1 1 3 1 1 1 2 1 1 1 1 1 1 1 I 1 2 1 1 1 
~<J iSg p 1 I 

cn o , . I 
tJ ------- -1-:- -1-------------------,--

~ 
0: 

I ] 

I 8 
I s. \ I 

C,9 S ---!-"OlO -1 -I I • 

c"' t + ·059 i 1-1 / + 1 I I 
C2 , u +·040 : +1 ~ -j-1 -1 -1 

C22 v +·017 !+r I -r ---'-r -i-r 1---i--r -r / 
CZ3 w -·074 . I I I -r . +1 I +1 
C24 x-· -·018 +1 ·I , -I J +r I +1 1-1 
C25 y -·045 I II i I I -I I -I 

c26 z +·099 I -1 I ' 

: 
I 

+1 
+r 

--\-1 -I I c.7 a -·010 l : i I i I I +1 . 
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Normal equations. 

1

,- I c, c. '--~~-1~·-1~1~1~-es ~ c'°I~-~~ c,.lc•Jj~·~ c,s:c.01~ c'.~1c·o!~':lc,,ic•2i~:·Jc.,!c2s_/c.6 c.7 c.s., 
:~~-o6~-i~~~ - 5 1- 5 1· . ' I I . 

I o= +·174 ! +113 +27 + 5 ~, I ! ' I 
I 0=+·049 j +38 -II J ! 1 

O·- -· ·105 +29 '+-46 - I -·I ' '1· : 

o-- +·025 

o=+·o35 +4 2 +1 I 
o=-·004 /+10 --3 · 
o= +·118 
0=+·011 

0 ·" - ·o82 

o= +·052 
0 --~ - ·005 

o:..:....: -· ·002 

o-~ -- ·022 

-I -I 

o=--·137 

o=- ·o66 

o.:....: - ·047 

o= -·o8o 

o= + 'OIO 

o= +·059 
o---= +·040 

o= +·017 
o= -- ·074 

o:..:: -·018 

o= ·-·045 

o= ·I· 009') 
0- - ·010 

-2 +2 ! 
I 

+81-1 ·-2 

J.+5 _, 
+6 

I 

I 
I . 

I 

I 
+1 '-I 

+4 !+2 

[+6 

-I 

-3 
-I 

-2 

+41-I 
.+5 -I 

+8 -3 
+8 

I 

-I 

+9 -I 
+3 

I 

-! 

-I 

-2 

-5 

+9 +1 -I 

+3 

Q=-: ·-·011 

I I 
1 

I I I I I I i ' 

I I 
I I 

__ , _____ . __ l __ ~I ·---'--'---'---' I 

The solution of these equations gives the following values of 0 1, from which the individual 
corrections v1 are deduced: 

Resulting i,a.lues of 0 1• 

I +0·00229 II -0·00585 21 -0·01225 
2 -0·00191 12 +0·01794 22 +0·00571 
3 +0·00123 13 +0·01546 23 +0·02650 
4 +0·00401 14 +0·01558 24 +0·00489 
5 -0·00589 15 +0·05042 25 +0·01340 
6 +o·oo684 16 -0·00309 26 -0·03168 
7 +0·01768 17 +0·03043 27 -0·00317 
8 -0·03319 18 +0·03958 28 +o·oooS7 
9 +0·03221 19 +0·01744 

IO +0·03455 20 -o·oo333 

Resulting il(fferences of longitude. 

I Observed 

I Correc~ 
Adjusted 

I 
Western station. Eastern station. difference of difference of 

I 
longitude. tion. longitude. 

-------- ---------------
I "· 111, s. s. "· m. s. 
I I Heart's Content Foilhommerum 2 51 56·364 +·015 2 51 56·379 I 
I 2 Foilhommerum Greenwich 41 33'34 +·069 41 33·409 

3 Calais Heart's Content 55 38·00 +·o6g 55 38•o69 
4 Salt Lake City Omaha l 03 49·n3 -·027 l 03 49·o86 
5 Cambridge Duxbury I 50·191 -·003 l 50·188 

6 Duxbury Bresti 4 24 43 ·276 -·015 4 24 43 ·261 
7 Brest Greenwich 17 57'598 -'001 17 57'597 
81 Brest Paris 27 18·533 +·032 27 18·565 
9 St. Pierre Island Brest 3 26 44·8w -\-'020 3 26 44·830 

JO Cambridge St. Pierre Island 59 48·6o8 +·ou 59 48·619 

l 1 I Greenwich Paris 9 21'000 -·032 9 20·968 
12 Atlanta Washington 29 21·192 -·007 29 21 ·185 
13 ' Nashville Louisville 4 04·451 -·004 4 04·447 
14 i Nashville Atlanta 9 34·76o -·015 9 34·745 
15 I New Orleans Nashville 13 o8·677 +·003 13 o8'68o 



16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

41 
42 
43 
44 
45 

46 
47 
48 
49 
50 

51 
52 
53 
54 
55 

56 
57 
58 
59 
6o 

71 
72 
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Resulting differences of longit1t1le-Continued. 
------ - - ---- ------- - ·----

I I 

Observed Cottec-1 ,Adjusted 
'Vestern station. i-.:astci-n station. difference of tion. cltffert;nce of 

longitude. longitude. 

---- ----- ---
h. m. s. 

-to54 / 
"- 1ll s. 

New Orleans Atlanta 22 43·371 22 43·425 
Atlanta Charleston 17 49·222 ~--'040. 17 49·262 
\Vashington Cape May 8 29·074 ~-·0341 8 29·ro8 
Detroit Cambridge 47 40·8o6 -'022 47 40·784 
Cincinnati Washington 29 29·259 -·014 29 29·245 

Nashville Cincinnati 9 26°682 +·003 9 26·685 
St. Louis Cincinnati 23 or894 -·036 23 or85 8 
St. Louis Nashville 13 41·207 -·034 13 4r173 
Kansas City St. Louis 17 32·183 -·035 r7 32·148 
Omaha St. Louis 22 56·831 '000 22 56·831 

Omaha Kansas City 5 24·626 + ·057 5 24·683 
Montreal Cambridge 9 47'549 -\-·039 9 4rs88 

I Chicago Louisville 7 25·8o8 ·-/-'002 7 25·81 
Galveston Little Rock lO 04·192 +·009 10 04·201 

0 

Kansas City Little Rock 9 15·644 +·033 9 15·677 

Colorado Springs Kansas City 40 55·327 -- '021 40 55·3o6 

I Santa Fe Colorado Springs 4 30·107 -·012 4 30·095 
Salt Lake City Colorado Springs 28 18·471 -·oo8 28 18·463 
San Francisco Salt Lake City 42 07·696 -·ooS 42 07'688 

, Portland San Francisco 59·983 -·oo6 59·977 

Portland \\Talla \Valla 17 19·503 +·004 17 19·507 
Walla Walla Salt Lake City 25 48·186 -·028 25 48·158 
Portland Seattle I 22·486 -·oo6 I 22·4So 
Seattle Walla Walla 15 57'028 -·001 15 57'027 
Walla Walla Helena 25 14·5ro +·032 25 14 ·542 

I San Francisco Sacramento 3 44·487 --·013 3 44·474 
Sacramento Los Angeles I 12 56·840 -- ·014 12 56·826 

I San Francisco Los Angeles 
J 

r6 41·282 +·018 16 41·300 
Los Angeles Needles 14 36·728 -·003 I4 36p5 

! Helena Salt Lake City 33·577 +·o39 33·616 

Helena Bismarck 45 00·839 +·012 45 00·851 
Bismarck Minneapolis . 30 11·0So -j ·013 30 JI '093 
Cape May Albany 4 43·020 +·033 4 43·053 
Detroit Albany I 37 11·845 --·007 37 I 1 ·838 

! Chicago Detroit 

I 
18 17·634 -·018 18 17·616 

' 
I Minneapolis Chicago 22 27'414 -·015 22 27'399 
I Omaha Minneapolis lO 49·269 --·027 IO 49·242 
• Los Angeles San Diego 

I 
4 22·786 -;-·027 4 22·813 

I San Diego I Yuma IO 09·114 +·026 JO 09·140 
· Los Angeles Yuma 14 31 ·974 --·021 14 31 ·953 

I Yuma ~ogales I 14 43·690. -; ·006 14 43·696 
[ Nogales El Paso ; 17 4ti·520 "".-·oo6 17 48·526 
' Montreal Greenwich 4 54 18·67 --·036 4 54 18'634 

El Paso Little Rock 56 51 ·681 -·022 56 51·659 
Needles Santa Fe 34 38·032 -'001 34 38·031 

I El Paso Santa Fe 2 10'593 -·012 2 10·581 
El Paso Austin 35 00·322 +·040 35 00·362 
Austin Galveston I I 47'087 +·009 II 47·096 
Austin New Orleans 30 40·230 +·031 30 40·261 
Cambridge Calais 15 23·187 +·002 15 23·189 

Key West Charleston 7 29·509 -·oo6 7 29·503 
Atlanta Key West IO 19'765 -·006 10 19·759 

; 

Little Rock Atlanta 31 32·369 +·020 31 32'389 I Charleston Washington II 31·&'18 + ·035 II 3r923 
\Vashiugton Cambridge 23 41 ·138 - ·031 23 4r107 

Albany Cambridge IO 28·926 + ·020 I IO 28·946 

I 
Albany Montreal 41·352 + •oo6 41 ·358 

--
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As a check of the correction, we have the relation [p. vv] = -[w O]. For the first term we 
have+ 0·02548, and for the second+ 0·02547, showing a satisfactory agreement. 

Putting these results of the links together we obtain the final longitudes, as below: 

llesulting longitudes, west of Greenwich. 

I Stations nnd local reference. 

Greenwich, England; transit circle, observatory 
Paris, France; meriuian of France, observatory 
Brest, France; tower of St. Louis 
Foilhommerum, Ireland; transit 
Heart's Content, Newfoundland; transit 

St. Pierre Island, Miquelon Group; transit 
Calais, Me.; transit 
Duxbury, Mass.; transit 
Cambridge, Mass.; dome of observatory, Harvard College 
Montreal, Canada; transit McGill College Observatory 

Albany, N. Y.; dome of Dudley Observatory, old site 
Cape May, N. J.; transit 
Washington, D. C.; dome of United States Naval Observatory, old site 
Charleston, S. C.; transit 
Key 'Vest, Fla.; transit 

Detroit, Mich.; transit, 1891 
Atlanta, Ga.; transit, l8g6 
Cincinnati, Ohio; dome of Mount Lookout Observatory 
Louisville, Ky.; transit 
Nashville, Tenn.; transit 

Chicago, Ill.; transit, 1891 
New Orleans, La.; transit, 1895 
St. Louis, Mo.; transit, 1882, Washington University 
Little Rock, Ark.; transit 
Minneapolis, Minn.; transit 

Kansas City, Mo.; transit 
Galveston, Tex.; transit, l8g5 
Omaha, Nebr.; transit 
Austin, Tex.; transit 
Bismarck, N. Dak.; transit 

Colorado Springs, Colo.; transit, 1886 
Santa Fe, N. Mex.; transit 
El Paso, Tex.; transit 
Nogales, Ariz.; transit 
Salt Lake City, Utah; transit 

Helena, Mont.; transit 
Needles, Cal.; transit 
Yuma, Ariz.; transit 
San Diego, Cal.; transit, 1892 
Los Angeles, Cal.; transit, l8g2 

\Valla \Valla, \Vash.; transit 
Sacramento, Cal.; transit 
Seattle, \Vash.; transit 
San Francisco, Cal.; transit, Lafayette Park 
Portland, Oreg.; transit 

I Longitude. 

1- h. tll. s. 
0 00 oo·ooo 

Eo 09 2o·g68 
0 17 57.597 
0 41 33·409 
3 33 29·788 

3 44 42·427 
4 29 or857 
4 42 40·858 
4 44 31·046 
4 54 18'634 

4 54 59·992 
4 59 43·045 
5 o8 12'153 
5 r9 44·076 
5 27 r3 ·579 

5 32 n·830 
5 37 33·338 
5 37 4l·398 
5 43 03·636 
5 47 o8·o83 

5 50 29·446 
6 00 16763 
6 00 49·256 
6 09 05727 
6 12 56·845 

6 18 21·404 
6 r9 09·928 
6 23 46·087 
6 30 57'024 
6 43 or938 

6 59 16'710 
7 03 46·8o5 
7 05 57'386 
7 23 45·912 
7 27 35·173 

7 28 o8·789 
7 38 24·836 
7 38 29·6o8 
7 48 38748 
7 53 01 ·561 

7 53 23·331 
8 05 58·387 
8 09 20·358 
8 09 42·861 
8 IO 42·838 

Comparing the resulting longitudes of stations common to the two adjustments (that of 1884 
a partial one and that of 1897 complete), we notice a small (about 0"·08) but general increase in 
the longitudes. This is mainly due to the introduction of the fourth transatlantic determination, 
of 1892, which exceeds the older values by fully o··t, a-o,d has a comparatively small probable 
error assigned to it. While our results are greatly improved, we can not but look upon the oldest 
(in 1866) direct connection with Greenwich as rather out of date respecting its large probable 
error. This is at once apparent by the fact that we have but 2 determinations of L1i\. between Foil­
hommerum and Greenwich, and but 3, with a fourth rejected, between Calais and Heart's Conteut, 
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and both links without interchange of place of observers. This being the weakest link in the 
chain, a patching up of the old line or an additional determination through oue of the uewer 
cables should receive further consideration. 

The smallness of the corrections to the land lines is quite gratifying. The average correction 
to the 72 observed longitudinal differences is (without regard to sign) 0"·0!!0, with a maximum 
correction of 0•·069, which falls alike upon the two weak links above referred to. 

RECAPITULATION OF FOR:i\t:UL..iE J!'OR THE OOMPUT.A.TION Olt' PRODABLE ERRORS. 

The mean error of an observation of unit weight is given hy m1 = .jfJ>:vJ where the sum 

[p.'l:v] is found by means of the individual corrections and checked by the relation [rvv] = - [wO]. 
To find the weight and probable error of the adjusted value of an observation, also the weight 

P of any function of the adjusted observations, we put 

F =f1X1 + f2X2 + f1X3 + ..... . 
which function can not contain all the x's, but only m - n of them. The coefficients .f1 are found 
by partial differentiation, viz! 

oF 
-d- - = /3 etc. 

X3 

Forming next the sums, [ii],[~]· [p ], etc., also[~], and combining them with 

the former normal equations and changing at the same time the former correlates into the new 
undetermined quantities R 1, ~' R3 •••• , the requirement of the conditioned minimum leads to 
the following so-called transfer equations: 

[u.aa] R 1 + [u.ab] ~ + [u.ac] R3 + 
+ [u.bbj Jlz + [1t.bc] R3 + 

+ [u.cc] 1?.3 + 
+ 

+ [u.af] = 0 
+ [1t.bf] = 0 
+ [u.cf j =0 

Solving, we have the values of R 1 and, consequently, also of F 1 by the relations 

Fi =fi + a1R1 + b1& + c1R3 + 
F2 =/2 + a.,Ri + b2R2 + 0zR3 + ... . 
F3 =/3 + a3R1 + b3]lz + c3R3 + ... . 

Finally, we have the reciprocal of the weight P of the function F 

also the mean error of F 
1/P= [u.FF] 

and the probable error of the same 
rF = 0•6745 ?nF 

Applying these formulre to the present discussion, it will be found sufficient to compute the 
probable errors for two extreme positions only~ say for Washington, D. 0., aud San Francisco, 
Cal., since the small difference in these values will permit a ready estimate, by inspection, of the 
probable error for any intermediate place. 

For the mean error of a determination of weight one, we have 

n - /O·U~547 i ""·0302. 
1 J--y 28 :CV 

The average weight is [P] / m =~~~5 = 0·74 hence mean error of au average determination of 

difference of longitude 

also the probable error of the same r= ::!:: 0"•024. 
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For determining the probable error of the longitude of Washington we take the function 
F= -f21X21 + fsax58 + fzoX10, which corresponds to the most direct connection. 

We have 
fn=-1 
f58=+1 
fzo=+l 

also [u.df]=-13 
[u.rf]=+ 4 
[u.gf]=+ 2 

Similarly for San Francisco: 
[ u.lif l = + 2 all other terms iu fare zero. 

hence 
F = + f4X4+f2oX20+f22X22 + f25X25 - f 21X21+f34X34 + fwx58 + /7oX10 

[u.df]=-13 
[u.ef] + 4 
[1t.gf] + 3 
[u.hf] + 2 
[u.if] l 
lU.if j 2 

[ u.111/ J = +l 
[u.nf] -1 
[u.tf] -3 
[u.uf J +3 
[u.xf] -1 
[u.af j +1 the remaining terms are zero. 

Introducing these values in the place of the correspondiug numerical terms in the normal 
equations and re-solving, we get the followi·~g values for R;, F 1, and of [u.FF] for the two places: 

Values of Jl;. 

shing-
ton. 1-.i Wa 

I ~I ~ ·o636 
·o623 

·-·1837 
I 4 I + ·4822 

·4291 
·1177 
·2076 

San Frau-
1

1 

I 

clsco. 
·-----· 

+·o64 

i 
8 

-·o62 9 
+·184 IO 
+·482 II 
-·434 12 
-·257 13 ; 
-·426 14 ! 

:i l ~-I -
------·-- -----

Washiug- I San. Fran· I\ Washiug-1 Sa1~ Frau-Washing-1 San. Fran-
ton. ClSCO. ton. ClSCO. ton. CISCO. 

--- - : 

-·0561 I~:~: f:- -·012~-. -i-·236 -·37971 -·266 15 
-·1o69 +·324 I 16 -·oo69 I -'IOI · 23 -'0041 -;"079 
-·o689 I +·207 

I 
17 -·0109 +·158 i 24 -·0157 1"339 

-·0229 +·o6g 18 -·0123 +·166 I 25 +·0052 --·112 
+·0433 +·859 19 -·o'7' · " ·347 j ' ' -·0•89 -»63 I 
-·u41 I -·355 

I 
20' --·0397 I +·5&> 27 -·0072 -·168 

-·05791 +·56o 21 I -·0340 -·243 
1 

28 I -·0008 .. ·018 
. ____ I __ I 

It will not be necessary to tabulate here the 72 values of 1!'1 and of wFF; we find 

For Washington, IJ. C. 

[ii.FF J =5·864 
111, v [u.FFJ = ::1: os·o3o v5~s&r = ::1: 0•·073 
and probable error of longitude= ::!:0·0-19 

For Snu Francisco, Cal. 

[11.FP] =7·306 
111 t v [ 1i:J"i1'] = ::!:: 0•·082 
r=±:0S·055 

lt will be seen from these results that we are justified in assigning to any of our American 
longitude results a probable error.of about::!: 0'•052, equivalent to::!: 0"·78, which, in latitude 3!)0, 

represents a linear extension of but 18·8 metres, or 61·7 feet nearly. Compared with the probable 
error deduced for Washington in the discussion of 1884 the present value is o··007 larger, which is 
evidently to be ascribed to the greater diversity in the cable results. Even this small probable error 
of::!: 0'·05 could, if desired, be further diminished either by re-observing the two weak links or by 
introducing a new cable determination, as already mentioned . 

. TUNOTION OF THE NOR'fH .A.MEltWAN AND EUROPEAN SYSTEMS OF LONGITUDE. 

At present the connection of these systems is still somewhat eml;>arrassed by the unsettled 
state of the question, "what is the most probable difference of longitude between Greenwich and 
Paris'/" The determinations of 1888 and 1892 by the English observers agree and give 9m 20'•84 
nearly, while the corresponding French determinations also agree among themselves, but give 
9m 21"·05 nearly. The difference of 0'·2 remains as yet unexplained. 

In the last adjustment of the Buropean or eastern longitude net in the Astronomische Nach­
richten, No. 3202, October, 1893, vie, "Rcsultats d'une compensation du reseau des longitudes, 
determinees dupuh~ 1860 en Rurope, en Algerie et en quelques stationR en Asie, par 11. G. vnn de 
Sande Bakhuyzen," the author evades the issue by making two independent adjustments-once 
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with the English (adjusted 9m 20'·930) and then with the French value (adjusted 001 21'·001).• 
The result from the measure of the American party in August and September, 1872, was 9 111 

21"·000 ± 0··038, the correction to this value by the present adjustment is - o··032, hence the 
resulting difference nm 20'·968, which is so close to the average of the E11gli~h and French values 
as to indicate but a small preference for the latter one.• 

ADDITIONAL PROll1INEN'.l' LONGITUDE STATIONS. 

There are two stations, though not forming part of the preceding adjustment, yet from their 
importance of position and astrouomical work, and in view of their direct connection with the 
Coast and Geodetic Survey system of longitude, must be included in this discussion. They are 
the United States ~aval Observatory at its uew site in VVashington, D. C., northwest, and the Lick 
Observatory, on Mount Hamilton, California.. 'rhe old and new location of the former were directly 
connected on eleven nights in March and April, 1~93, by observers attached to the observatory. 
fo June and July, 1896, the Coast and Geodetic Survey established a new longitude statio11 in the 
grounds about the office, near and south of the Capitol in Washington, and in l\fay and June, 
1897, made the connections between it and both the old and new sites of the Naval Observatory. 
The abstracts of the individual results for difference of longitude are herewith presented. l~espect­

ing the second station there is only one but direct conne~tion with our longitude station at San 
Francisco; it was made in October and November, 1888, by a Coast and Geodetic Survey party. 
The abstract of the results is appended. 

vVe also give.here the connection with our system in Septernuer, 1886, of the United States 
Engineers' observatory at Ogden, Utah, on account of its prominence in the determinations of 
geographic positions west of the one hundredth meridiau.t · 

This observatory was erected in 1873, but has been abandoned for many years. It is directly 
connected with the Salt Lake station, as shown by the abstract of results. The value adopted 
by the United States Engineers was 71i 27m 59'·643. This refors to the east pier in the western 
room. 

'.l.'he 1011gitude work done by the United StateR Lake Survey 1lepends on the longitude of the 
observatory at Detroit, Mich.t It was built in 1871 and connected with the Coast and Geodetic 
Survey station of 1891. The longitude of this observatory, east pier, adopted by the U11ite1l 
States Lake Survey was 511 32111 12··'.!4 ± 0'·08. 

(73) DIFFERENCE 01<' LONGITUDE BETWEEN WASHINGTON, D. C., UNITED STATES NAVAL OBSERVATORY, ~EW 
SITE, .AND W .A.SHINGTON, D. C .. UNITED STATES NAY AL OllSElWATOltY, OLD SITE. 

This work was executed by Prof. J. R. Eastman and Assistant Astronomer A. N. Skinner. 
The results given below are taken from Astronomy and Astro-Physics, Vol. XII, pp. 699-7110. 

The observers exchanged places, Professor J~astruan observing six nights at the new site and 
five nights at the old site. 

Dnlc. Difference of l'robahlc 
longitude, A~. error. 

1893. . s. s. 
March 9 3·696 ±O"OII 

13 ·630 ·028 
16 ·778 ·024 
28 ·732 ·021 
31 ·677 ·025 

April 4 ·628 ·022 
5 ·712 ·036 

21 ·624 ·021 
24 ·599 ·018 
27 ·746 ·018 
28 ·632 ·018 

Weighted mean 3·6738±0·012 
··----- - --~--

•In tho ]mblicntion of t.bo Jntornntionu.l Geodetic Association, "Die Enropaische Liingengraclmessung in 52 Grnd 
Broito, von Greenwich bis Warscbau," Part II, A. Borsch & L. Krllger, Berlin, 1896, the a1\just111ent containing the 
French value baa been preferrecl. (Chapter 3, p. 31.) 

t United States Geographical Surveys Wost of the One Hnuclrodth Meridian; Lieut, G. M. Wheeler, Corps of 
EnginoerR, CJ. S. A.; Vol. II. Astronomy and llarometrio H~·psometry, Washington, D. C., 1877. 

tProfcsslou11l Pnpera, CorpH of J.;11ginoartt, U.S. A., No. !!.J, \Vnshlugtou, l>. c., 1~82, po.go 710 nucl foll. 
n;;s-t--17 
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'l'Lrn transit at the old site wa::i mounted 011 the old trausit circle pier 76·8 feet (0'·0656) 1ce1;t 

of the reference meridian. 
The transit at the new site was mounted on the west transit-circle pier, 81·8 feet. (0"·06UO) 10e&t 

oft.he reference meridian (clock room). · 

LJA., Washington, U11ited States Naval Observatory, new site (clock room)-'Vashingtou, U1iitcd 
States Naval Observatory, old site (D) = 3'·670 ±O•·Ol:!. 

(74) DIF.FERENCE OF LONGll'UDE BETWEEN WASHINGTON, D. C., UNITED STATES NAVAL Ol!SEil.VATOH'l (OLD 
SITE) AND WASHINGTON, D. C., COAST AND GEODETIC SUIWEY OFFICE SI A'l'ION. 

r ------
I 

!late. 
i ~~~e:ers at-

' I Obs'y. I Office. 
~ I ______ I ___ _ 

June 22 
1896. II 

22 ...: 
26 ! ·; 
28 : CJ 
28 ; i:: 

·(/)~ 
29 : 

I 
::cl 

July 
3~ cJ 

June 26 
29 
29 
30 
30 

July I 

~~r0J0~; : - e~~~~;;'or 1~-E-1 ;,~~!~0~.-! ::i~;=~i~~,1. Df~.~~;uc;e0 r !----;_---~1- -~----i signals. I office signals. signals. . till. 1 
I I I I ---- ------1-- ----·· -- - '---···--. 

"~ 1i:7381 11~ 1i:729 I ~:009 "~ 1~:733 1 

_i:117 "~ 1i:6r6 8 +i:o30 
·703 ·684 ·019 ·694 I ·577 8 ·009 
·6931 ·675 ·018 ·684 I ·567 3 ·019 
·764 ·752 '012 ·758 ·641 . 6 + ·055 
·733 . ·721 '012 '727 . ·610 . 6 + ·024 
·716 ·679 ·037 ·6981 ·581 ' 3 ·005 
'690 •6g7 -·007 ·693 ·5761 5 '010 
'66o ·662 -'002 •661 '544 9 ·042 

0 10·391 I 
'455 
·so2 I 
·467 I 
·48o 
'4791 

I 
I 

Mean ·012 o 10·7o6 I 

0 10·374 ·017 0 10·382 +0·117 ·499 3 - ·o87 
·439 ·016 ·447 ·564 3 - '022 
·479 ·023 ·490 ·6o7 3 + ·021 I 
'479 -'012 ·473 ·590 5 . + ·004 
·471 ·009 ·476 '593 5 ·1 + ·007 
·478 : '001 ·478 '595 9 +0·009 ' 

Mean· 1~· ~-;~1---1~~~ --i---=11 
Weighted mean o 10·586 ±0"'008 

--· -----------

Transmission time: o··005 ::!:: O··OOl. 
Personal equation: S.-P.=+0"·124; same from those nights on which the observers cl.Janged 

places +0·117 ::!:: 0'·008. 
Transit No. 18 was set over the station established iu 1878 in the grounds of the United States 

Naval Observatory (old site), now the Museum of Hygiene. It i:,; 44·714 metres or 0'·124 west of 
the small central dome (center) of the building. 

'fransit No. 1U was mounted on the east pier in the sma1l wooden observatory in the lot 
adjacent to and south of the Coast and Geodetic Survey Office building 011 Capitol Hill. This 
pier is 27·75 metres or 0'·077 west of the flagstaff of the main building (of 1871). 

LlA., "'ashingtou, United States Naval Observatory, old site (D) - Coast and Geodetic Surver 
Office (T1H96•117) = 10'·462 ± 0'·008. 
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(75) DU"FERENCE OF r.ONGI1'UDE llETWEEN WASHINGTON, D. c .. UNITED STAIJ.'ES NA VAT. OBSlmVA.TOltY c~rnw 
SITE> AND WASHINGTON, I>. C., COAST AND GEODETIU SURVEY OFFICE STA.'.rIO:N'. 

1--· 

we~[~~ or Prom Mean of ,. Personal / Difference of/ 
b eastern or W-E w, and E. equation longitude J />. 0 servatory office signals. signals. . ' ~A , 

v. 
I o"'~" .,_ 1 

Dale. I 
r _____ , Obs'y. Office. 

I 

signals. __________ , ___ , ____ · -- i-·---
'~· 1;:2491 o·ooo ~· 1;:249 I -~:225 ·~· 1;:024 I 7 +~:028 1897. ...: 

May 25 I ·a 
<:i 26 

27 I 
c 

Ci.i 
29 I :i:i 

0 
j 

June l I .d 
(.) 

.d 
(.) 
c 

& 
Pl 
0 
..: ·a 

rn. s . 
0 14·249 

·25r 
·216 
·192 

·248 ; ·003 ·250 14·025 . 51 + ·029 
·2221-·oo6 ·219 I 13·9941 12 - ·002 
'191 '001 '191 ' 13•966 II - '030 

------[ I 
Mean I~-~~~ / 

~j 
c u 
~ i:: 

~ Ci.i 

o 13'774 [--·005 o 13·772 +0·225 13·997 IO I + ·001 
·772 •oo6 ·775 14·000 7 + ·004 
·751 I ·002 __ . __ _:_152 ________ 1_3~977 __ 2 _~~ 

Mean I 0·001 o 1~·766 o 13·998 I I Pl :ri 
0 c.i 

'Veighted mean o 13·996 ±o''oo6 
- ____ !_ ________________________________________ __, 

'l'ra11smissio11 time: 0'·000 ± 0'•001. 
Personal equation: S.-F.= +o··230 ± 0•·004; same from weighted meaus, +o•·225. 
At the United States Naval Observatory (new site) transit No. 18 was mounted due south of 

the east transit. This east transit is 82 feet (0'·069) east of the meridian (clock room) of the 
observatory. 

At the Ooast and Geodetic Survey Office transit No. 19 was mounted on tLe east pier in the 
small wooden observatory in the lot just south of the office building. 

LJJi., Washington, United States Naval Observatory, new site, (clock room)- Washington, Coast 
and Geodetic Survey Office (T1896-97)=14•·065 ± 0'•006. 

(i6) DIFFEHENCE OF LO:N'Gl'l'UllE IlET\VEEN 8A.N FRANCISCO, CAL., A.ND MOUNT HA.Mir.'l'ON, CAL.' 

,----·- 1-~bs~;.,,er~ nt- ·1' From From , I Menu of i D'ff f J - --- ----·-1 
, western or eastern or I 1 Personal ' 1 ert;nce 0 I I 

Date. ' I Snn Prancisco Mt. Hnrniltou W-E 

1

. W. and E. equation. , lon~~ude p. ''- l 

-----!Sau F .. Mt. H.

1 

_ __.:gnal~~- signals. i ___ ! sigun~' __ --:-- s. 

1

! ______ [ ____ 

1

, 

1888. J 111. -'· 111. s. s. m. s. s. i m. s. 
Oct. 23 1 3 09·099 3 09·076 0·023 3 og·oSS i -0·140 j' 3 oS·948 . 9 --0·099 

30 - .!:i ' · l8o • 14S ·032 · r64 . ' 1 09·0241 9·5 ·023 
31 .v t: I ·138 ·128, 'OIO ·133 oS·993 6 - ·054 

~ov. l I i:: oi ·263 ·259 I ·004 ·261 j 09·121 7 + ·074 
2 I Ci.i ::<l I '221 I ·213 ·008 ; ·217 09·0771 6 + ·030 
5 j u~ < ·248 

1 

·244 ·004 -1· ___ ?46 : 

1 

09·100 12 + ·059 

~ I ·014 3 09·185 I 

Nov. 23 l ·~ 3 oS·899 3 oS·894 I ·005 -,,~8961 -\ 0·140·) 09·0361 2 ·ou 
24 : g <:i ·885 ·864 ·021 ·874 I 09·014 2·5 ·033 
26 : :s ~ ·953 ·935 1 ·018 I ·944 09·o84 5 + ·031 . 
27 I '9!0 ·902 ' ·ooS ' ·906 09·0461 2 - '001 I 
28 < ~ ·875 __ _:_~!~_: ___ ~866 ____ 1 __ 0~006 __ 2 __ ~~~~ 

i Mean J 0·014 J 3 • o8·898 I 3 09·041 I J 

I ---------- -- ... ---- ------
\Veighted mean 3 09·047 ± 0•·013 

-- ·----·----
1 Cf. -Appendix No. 8. C. ~ G. S. Report for 1889. 

Transmission time: 0"·007 ::!: o• ·001. 
Personal equation: S. - :\1. = + o··144 ± 0'·011; same from weighted meaus, + 0•·140. 
At Sau l<'rancii;co transit No. 18 was mounted in the Lafayette Park Observatory, established 

by Assistant G. Davidson in 1881, on the eastern or small transit pier. This small pier is 5 feet 
2 inches (0"·004) east of the western pier, to which latter all longitude measures have been referred. 
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At Mount Hamilt-011 transit No. 1!) was mounted about a quarter of a mile to the eastward of 
the Lick Observatory. Reduction to Lick Observatory meridian of reference (Transit House) 
1"·085. 

LIA, San Francisco, I. .. afayette Park (Twsi-a;) - Lick Observatory (T. H.) = 31
" 07•·966 ± 0'·013. 

177) DIPFimENCE 01'' LONGITUDE BETWEEN OGDEN, UTAH, .AND SAL'!' LAKE CITY, UT,\Jl. 

--- . ----·---·--·· 

1-
0-bse_r_v_ crs a_t-_ From Front ; I 

western or eastern o~- 11"'_ 1.~ ~tea•\0[4 1 Personal DifTerc;uce of 1 
Date. Ogden Salt J,akc C1tv w • \\ • nn< r,. I equation. lon~ludc ! 

-----~-'S.L.~'- _sig-nal~-- _•_ign~~ ~[ --- ! signals: ___ [ ________ _ 

p. v. 

1886. 
Sept. 12 

13 
14 
15 
16 

Sept. 17 
18 
19 
20 
21 

I __ -

I I m. s. 1 m. s. I s. I m. s. : s. 1--:-·· ~- s. 

/ 

· · o 24·273 I o 24·265 · o·oo8 ' o 24·2691-/ 0·297 · o 24·566 I 
i-.; ~ ·214. ·215 !--·001 ·214 I ·511 
OJ ;: ·320 ·323 1-·003 ·322 . ·619 
~ Ci.i ·201 . 197 I • ·004 . 199 I ·496 

2 ,0·033 
1·5 - ·022 
1·5 I + ·oS6 
5 - ·037 
1·5 I + ·020 ·262 ·249 ' ·013 ·256 I ·553 [ _______ _ 

Mean I ·004 o 24·252 [ 
---------

I 

I 
<t! i 
i c..i 

0 24·905 ! ·004 0 24·907 : -0·297 ·610 2·5 i + ·077 
·827 1 ·007 ·830 / I ·533 2 ·ooo 
·827 I ·009 "832 I ·535 2 + ·002 
·764 I ·009 ·768 I ·471 2 "o62 
·793 ·013 ·Sao i I ·503 2·5 ; -0·030 

.-----------------------,------

Mean 
1 

o·oo8 o 24·8271 ____ : __ : __ 2~·540 ____ / ___ -i 

...: ·; 
t:: u 

i:: "' -~ 
..,.. 
"" 

:i:: .,.:: 

u Pi 

\Veightcd mean ____ I 
Transmission time: 0'·003 :I: 0'·001. 
Personnl equation: 8. -l\1. = + 0"·288 ::!: 0"·008; same from weighted means, + 0 ·297. 
At Ogden transit No. 6 was mounted on the east pier in the west wing of the observatory 

built by the United States engineers in 1873. For description see Volume lI of Lieut. G. l\f. 
Wheeler's report upon United States Geographical.Surveys, vYa.shington, 1877. 

At Salt Lake City transit No. 4 was mounted over the station established in 186!l ht the south­
east corner of Temple Square. 

Ll;I., Ogden ('L'rnBG) - Salt Lake Oity (T1869.<JO) = 0111 !.W·5:~:3 ± O··Oll. 

Adjustment of the longit1tde triangle Naval Observatory, old site, .. Nai·al Ob.~ervatory, new site, <ind 
Coast and Geodetic Survey Station. 

I 

I 
llate. 

-- ----·- ·-- - ·-----

\Vesteru station. .... s c s AA. error. uon. A,\ 
I 

! I . I . Fa ·t ·rn ·tation. I Observed I Probable I c~rrec- AdJUSted 

-------- ---------. ----------1-- -- -------.·----
! ;:670 . ±~:0121 _':0391 ;:631 [ 
· 10·462 I ±o·oos I -·018 : 10·444 • I 14·o65 I ±O"oo6 +·010 ! 14·075 I 

1 1893, March and April 
18¢1 June and July 
18971 May and June 

Naval'Obser'y, new site. 
Naval Obser'y, old site. 
Naval Obser'y, new site. 

Naval Obscr'y, old site 
C. and G. Survey office 
C. and G. Survey office 

---~-------·------·-··--·-· _ ____J 

Observntion equation: 0 = + 0·067 + (1) + (2) - (:3). 

Assigning weights inversely proportional to the squares of the probable erroris, we l1ave 

Correlate. 

Ci 

Correction. 
I 

tt=-• p 
-+·067 

Normal equation: o = + O·OG7 + 244 c, 

(1) (2) (3) 

144 64 36 

+1 +r. -I 
c, = - ·00027ii 
(l)= - ·039 
(2)= - ·018 
(3)= + ·010 
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(a) The longitude of the Naval Observatory, old site, was fixeu by the main adjustment. Heuce 
we have 

Station. 

United States Naval Observatory, old site, dome 
United States Naval Observatory, new site, clock room 
United States Coast and Geodetic Survey office, transit 

Longitude west of Greenwich. 
ll. Ill. s. s. 
s o8 12'153±0·049 
s o8 15·784 
s o8 01·709 

To each of the two last results a probable error of ± 0'•052 may be assigned. 
(b) The longitude of the Lick Observatory, referred to the transit house meridian on Mount 

Hamilton, California, becomes: 

San Francisco, Lafayette Park Observatory 
Observed difference of longitude 
Lick Observatory, transit house, Mount Hamilton 

"· 11l. 
;\.=8 09 

LI;\.= 3 
A=S o6 

s. s. 
42·861 ±0·055 
or¢6±0·013 
34·895 ±0·057 

(c) The difforence of longitude between Ogden and Salt Lake-
''· ,,,, s. s. 

Asdeterminedi111886was Ll;\.=o oo 24·533±0"0II 
Adjusted longitude of Salt Lake station A=7 27 35·173 ±0·054 
Longitude of Ogden, United States Engineers' Observatory, west room, east transit A=7 27 59·7o6±0·055 

(d) The astronomic observatory at Detroit used for longitude determinations by the United 
States I1ake Survey was found to be 0 .. 36G west of the Coast and Geodetic Survey station of 1891: 

Adjusted longitude of Detroit ( T1sm) 
Longitude of United States Lake Survey Observatory at Detroit 

Ii. 111. s. s. 
A=5 32 II"830±0·050 
A=5 32 12·1¢±0·050 

In conclusion, I desire to express my appreciation of the effoctive help rendered by Mr. D. L. 
Hazard, of the Computing Division, in the computations connected with this paper. 

COMPUTING DIVISION, June 30, 1897. 
0. A. ScHO'l''.l', Assistant. 
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APPENDIX NO. 8.-1897. 

RESULTING LONGITUDES OF KADIAK, UNALASKA AND UNGA, ALASKA, AS DETERMI~ED 
CHRONOMETRICALLY FROM SITKA lN 1896, BY THE PARTY UNDER 

THE CHARGE OF FHEMONT MORSE, ·ASSISTANT. 

Report by C. A. SCHOTT, AsRistaut. 
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APPENDIX NO. 3.-1897. 

RESULTING LONGITUDES OF KADIAK, UNALASKA AND UNGA, ALASKA, AS 
DETEI~.MINED CHRONOMETRIOAIJLY FROM SITKA IN 1806, BY THE PARTY 
UNDER THE CHARGE OF FHEMONT MORSE, ASSISTAN'l'. 

Heport by CHARLES A. ScHO'l"I', Assistant. 

OFFICE OF THE CoAS'l' AND GEODE'l'IC SURVEY, Co:MJ>U'l'ING DIVISION, 

Washington, D. C., April 6, 1897. 

SIR: I have the honor to submit herewith a report on the resulting longitudes of Kadia1c, of 
Unalaska and of Unga, Alaska, as determined chronometrically from Sitka, Alaska, between 
April and August, 1896, Assistant F. l\forse in charge of the work. 

At Sitka Mr. Morse observed for time at the astronomic station of 1892, in front of the 
Presbyterian church. 

Instruments: Meridian telescope No. 1Ci and sidereal chronometer Hutton, 194; mean time 
chronometer Bliss, No. 2821, aud sidereal chronometer Negus, No. 1825, were kept rated at the 
station by means of comparisons with observing chronometer. 

At Kadiak Assistant H. P. Hitter observed for time at a station about 500" ruetres north of 
the Alaska Commercial Company's wharf aud distant about two kilometres southwesterly :from 
the old astronomic station of 1867. 

Instruments: Meridian telescope No. 1 and sidereal chronometer Frodsham, No. 3462; the 
chronometers sidereal Negus, No.1769, and mean times Fletcher, No.1713, and Hutton, No. 208, 
were kept rated by means of comparisons. 

At Unalaska Mr. 0. B. French observed for time at a station near the center of the t-0wn of 
Unalaska and about one-third of a mile east of the end of the spit. The new station was 
connected with the old one on Amaknak Island, approximately. 

Instruments: Meridian telescope No. 9 and sidereal chronometer Negus, No. 1771; the 
chronometers mean time Dent, No. 2167, and Fletcher, No. 1507, and sidereal Negus, No. 1824 
were kept rated by means of comparisons. 

At Unga Island, one of the Shumagin group, Mr. French, during a short stop of the mail 
steamer Dora, observed for local time by meaus of a sextant and artificial horizon, and by 
comparison with the rated chronometers on board deterruiued the longitude of Unga. 

On board the Dora Assistaut F. A. Youug had charge of the 21 chronometers, which were 
compared daily. 

Four round trips were made between Sitka and Unalaska, with stoppage on the way at the 
intermediate station, Kadiak. The general arrangement of the longitude work was similar to 
that of recent years in Alaska, and the method of reduction, and in particular that of giving 
weights to individual chronometers and individual trips, is the same as that followed heretofore 
and explained in detail in A11pendix No. 3, Coast and Geodetic Survey Report for 1894. The 
following tabular results, therefore, will requi~e no further explanation. The office computation 
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was made by Mr. D. L. Hazard, who compared his results, as far as practicable, with the rougher 
field computations: 

-1 

Summary of results for difference of longitude of Sitka and J(adiak, Alaska. 

557 M. T. 
2126 " 
2535 
1510 
1707 
214 
297 
229 

2256 
231 

1542 
1572 
1838 Si<l. 
202 
215 
207 

1589 " 
1818 
220 
38o 
387 

FIRST COMillNATION: RESULTS OF FOUJt JWUND TRIPS, STAR'l'ING FROM SITKA. 

-···· 

trip, 1st 
Apr.8-May 3. 

"· ,,, s. 
I o8 12·29 

12·23 
09·84 
09·g8 
15·19 
14·47 
20·97 
12'21 
12·63 
II'85 
12·48 
11·55 
12·32 
12·70 
14·42 
13·50 
12·40 
14·53 
13·33 
09·g8 

I 2d trip, I 

j 
May 7-June 3 

I 

h. ,,, s. 
I o8 13'93 

09·68 
14'56 
13'26 
14·54 
15·64 
1372 
15·37 
14·39 
14·04 
13 71 
13·76 
14·66 
12·96 
12·73 
13·50 
14·01 
16·33 
15·49 
15·00 

14·32 14·11 

·---

3d trip, 4th trip, 
I Wt. I June 8-July 2. July cr-Ang. 1. 

I-
h. "'· s. ''· m. s. I"· I o8 13'55 I o8 13'90 114 I 

13·19 ro·6o I 
. 12·14 16·57 9 

Weighted 1neat.1. 

111. s. 
o8 13'54 

13'13 15·57 3 
12·58 13·57 5 
12'87 13·90 17 
13·96 14·37 5 
13'21 13·24 ·9 
l.r61 13·44 14 
12·31 13'02 8 
13·41 13·92 45 
15·14 14·43 19 
14·09 14·56 

291 13'10 14·29 14 
13·19 14·95 2 
14·10 14·23 86 
14·59 14·07 

281 12·52 14·24 19 
13·94 14·46 8 
14·21 14·87 10. 

___ 1~·11 _· __ 1~~1~ 

11·40 
13·43 
13·16 
13·82 
14·22 
,15'09 
13'75 
13·67 
12·93 
13·46 
13·98 
r4·o8 
13·23 
13·59 
13·84 
13'95 
14·40 
14·44 
13·92 
14·03 

' Mean l o8 13 ·or 1 o8 14 ·07 -i---- I o8 13 ·46 I o8 14. II I 475 I I 
8 13·69 5 14·12 I I 

o8 13'il 
Weighted mean 
p i 

i 
I 

12·85 14'!0 
4 8 

I 

'Veightecl mean 

13'77 

I I -·-- ----: 
; 

---- --- --------·- ----· 

SECOND COMBINATION: UESULTS OF FOUR ROUND '!'RIPS STARTING FROM KADIAK. 

; .,I Odd half trips: I ' 
1

1 
Isl trip, ! 2d trip, 3d trip, A 8- ' . I Chronon1eters. A M I M J J 6 J I 6 I pr. 25; I Wt. ::. Weig 1ted mean. 11 pr. 25- ay 16. ay 29- uue 15. une 2 - u y 1 · , July i6-Aug. r. 

--------- ------·'----
ll. 111. s. ll. 111. s. 1 ---~~---::---·s-. -i-·-:-::-~-.----I-;-,~:---:·· 

557 M. T. 
2126 " 
2535 
15IO 
1707 

214 
297 
229 

2256 
231 

1542 
1572 
1838 Sid. 
202 
215 
207 

1589 
1818 
220 
38o 
387 

Mean 

" 

'Veighted mean 
p 

l o8 13·05 I o8 12'81 I o8 14·41 I o8 13•94 114 I o8 13·47 
14·o6 16·8o 12·50 07 47'18 I II ·52 
14·03 13 ·67 14·24 o8 07'70 9 13 ·27 
l 6'25 13 "3 I 14 ·78 00'68 3 i3' IO 
16·77 14·6o 14·51 03 ·42 5 13 ·89 
16·26 13·36 14·81 10·46 17 14·22 
13·99 14'52 15'59 19'38 5 15·24 
11·71 12·6o 13"52 21·36 9 13·62 
II "54 12'93 13 ·86 19'41 14 13 '57 
13·¢ 13'50 14·65 03·69 8 12·87 
14'09 13·65 13·95 09·82 45 13·43 
12·8o 14'!0 13'09 18·17 19 13·92 
13·25 13·82 13·32 18'22 29 14·01 
14·52 13·63 14·10 o6·70' 14 13·23 
17'93 15'99 13 ·Sr 07 56·85 ; 2 13 ·72 
14·37 14·33 13 ·49 o8 12·24 86 1,,-86 
13"21 1279 14·30 17'71 28 13·89 
14·26 14·43 12·92 18·22 19 14·36 
12·39 13·31 13·93 23·11 8 14·34 
17'22 13"17 13'79 o8'28 IO i 13•86 
14·91 15·29 13·35 IO'J4 30 I 14'07 

------------------------ ----------,-------
1 o8 14·31 l 08 13·93 I o8 13·95 I o8 I0"8o 4751

1 

I o8 13·69 
13"86 13'65 13'91 13·32 :3'74 

7 9 8 3 
____ _J_ ----1 
Ih oSm 13''74 ± 0'·07 'Veighted mean 

.. _J 
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Smnmary of results for difference of longitude of Sitka and Unalaska, Alaska .. 

FIRS'l' COMBINATION: HESULTS OJ<' FOUR ROUND TRIPS STARTING FROM SITKA. 

Chronometers. 1st l'U:, 2d trip, 
Apr. 8- ay 3, Mny 7-June 3. 

-- -- ... 

h. m. s. ''· "'· r. 
557 MT 2 04 46·33 2 04 46·70 

2I26 " 47'39 4I'04 
2535 .. 44·09 44·86 
1510 " 45·67 45·43 
I707 " 49'0I 48·16 
214 " 46·44 48·70 
297 " 57'91 46·16 
229 " 4S'I9 4r69 

2256 " 47'77 47'17 
23I " 46·59 46·:;:; 

1542 " 46·7I- 46·30 
1572 " 45·66 45·76 
I838 Sid. 46·63 48·00 
202 " 47'04 45·39 
2IS " 50·86 45·02 
207 " 48·o6 45·92 

1589 .. 46.6o 46·45 
I818 " 48·76 5o·o6 
220 " 47'72 48·98 
38o " 43·6o 47'29 
387 " 50·02 47'02 

--------------
Mean 2 04 47'53 2 04 46·6o 
Weighted mean 47'16 46·76 
p 4 4 

Weighted mean 

----·- ........ ·- --- --------

I 
3d trift, 

June 8- uty 2. 
I 

! 

''· Ill. s. 
2 04 45·53 

47'85 
47'I5 
47'21 
46·15 
43·39 
45·95 
46·35 
46·31 
44·30 
46·38 
49·13 
47'31 
46'I4 
47'26 
47'76 
47'56 
45·81 
47'20 
48·30 
48·93 

-------
2 04 46·76 

46·72 
s 

4th trip, 
July <j-Aug. 1. 

eighted 
1ean. 

w 
n 

---·i l_:_I 
' ''· ''· m. s. I 

2 04 46·83 
43·8r 
5I'o6 
47'98 
45·43 
45·49 
48·87 
44·65 
47'10 
45·84 
46·62 
47'76 
47'34 
46·96 
46'6o 
46·g6 
47'21 
46•89 
47'68 
46·43 
47'I2 

114 . 
I 

9 
3 
s 

17 
5 
9 

I4 
8 

45 
19 

•29 
I4 
2 

86 
28 
19 
8 

IO 
30 

2 
m. s. 
0· 4 46·33 

45'II 
47'05 
46•6<) 
47'03 
45·83 
49·47 
45·92 
47'04 
45·74 
46·50 
47'23 
47'32 
46·40 
47'38 
47.20 
47.00 
47'71 
47'84 
46•51 
48·24 

~~--;6~!- 475 
--

2 04 

5 46·941 

2h 04"' 46•·89 ± o'.07 
··[ 

SECOND COMBINATION: RESULTS OF FOUI! ROUND '!'RIPS STARTING FIW.M UN.A.LASK.A. 

1_ ··_··---·-·· --- ···--/. -- Isl trip I -- -~:~lri~- ···--,j--:-lri;· ·--· Odd half trips, ( : -·. -·-·· ---1 
I Chronometers. Apr. 2o-May 2~. :liay 24_Jm;e 19. 1 June 21_ July 20. Apr. 8,\~1/1~Jy 20-1 Wt. ! Weighted mean. 

----1----·· --1------- . -:------- ··- -----·---1--'----

557 M. T. 
2126 .. 
2535 
1510 
1707 
214 
297 
229 

2256 
231 

1542 
1572 
1838 Sid. 
202 '' 

215 
207 

1589 
I818 
220 
38o 
387 

Mean 
Weighted mean 

' p. 

h. 111. s. It, 111. s. h. m. s. h. m. s. ; /1. m. s. 
2 04 46·98 2 04 4S"j6 2 04 46·00 2 04 47' 19 1141 ,1 2 04 46·30· 

49:88 52·45 49·37 28'I5 45·62 
46·42 47'05 50·02 43·58 9 . 46·96 
54·05 44 ·59 50·57 38·o8 3 46·9I 
SI'IS 48·7I 49·45 39 33 S 47'37 
47'SI 45·09 47'84 43·29 17 45·99 
48·85 50·59 44·76 54·65 s 49·49 
43·37 43·66 45·62 SI'l2 I 9 45·8o 
45·17 45·32 45·83 52·02 14 46·92 
49·05 46·I3 ! 48·I6 39·90 I 8 45·96 
48·49 46·47 47'02 44·22 45 46·57 
45·18 46·68' 46·20 50·421 19 47·04 
47'07 46·16 45·86 50·4I 29 47'22 
49·48 46•65 ' 47'59 42· IO 14 ' 46·53 
55·35 SI '22 47'87 35·861 2 47'79 
48·61 47'95 46• 1 I 46·34 86 47'23 
4r30 44·83 46·os so·I2 I 28 46·89 
47' I2 47'2I 46·39 50·58 19 47'7I 
44·63 45·96 46·49 54·32 8 47'67 
52·92 45·22 46·57 42·00 IO 46·59 I 
49·48 49·83 48·07 45·77 30 48·36 I 

.--------------------------\ 
I 2 04 48·48 2 04 47·01 2 04 47'23 2 04 45·2I . 475 2 04 47'00 I 

47'76 46·53 46·57 46·90 I 46·90 
4 5 5 4 i I 

I I 
-----------·· -·-·-·· - ·1 

\Veighted mean 2h 04111 46•·90 ± 0•·19 
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LONnITl:DE OF KA.DIAK, KAIHAK ISLAND, ALASKA. 

h. m. e. e. 
Weighted mean by first combination l o8 13·77±0·17 
Weighted mean by second combination 13 ·74±0·07 
Mean, Kadiak west of Sitka 1 08 13·76±0·12±0·10 for personal eq'n. 
A. Sitka, astro'c station of 1892 (Rep. 1894, Part II, p. 83) 9 01 21·48±0·13 
A. Kadiak, astro'c station of 1896 10 09 35·24±0·20 or 152° 23' 4811 ·6±311 ·0 

LONGITUDE OF UNALASKA, UNALASKA ISLAND, ALASKA. 

\Veighted mean by first combination 
Weighted mean by second combination 
Mean, Unalaska west of Sitka 
,1 Sitka, astro'c station of 1892 
A. Unalaska, astro'c station of 1896 

h. Ill, 

2 04 
e. e. 

46·89±0·07 
46·90±0·19 

2 04 46·89±0·13±0'10 for personal eq'n. 
9 or 21·48±0·13 

r r o6 o8·37±0·21 or 166° 32' 0511 ·55±3"·2 

LONGITUJ)J<; OF UNG.\, l:NGA ISLAND, ALASKA. 

Unga, east of Unalaska, astro'c station of 1896 
A. Unalaska, astro'c station of 1896 
i\. Unga, astro'c station of 1896 (July 25th) 

All of these results are of excelleu t character. 
Yours, respectfully, 

Gen. W.W. DUFFIELD, 

Superintendent Oolll;t and Geodetic Survey. 

h. tn. M. 

0 24 ors 
! I o6 08·37 
10 42 00·6 or r6o0 30' 0911 

0IIA:5. A. SCHOTT, 

.Assistant, in charge a. lJ. 
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APPENDIX NO. 4-1897. 

RESULTING HEIGHTS FROJ1 SPIRIT LEVELING BETWEEN HOLLIDAY AND SALINA, KANS. 
FROM OBSERVATIONS BY I. WINSTON, ASSISTANT, BErWEEN 

JULY 11 AND OCTOBER 2~, 18H5. 

H.eport by C. A. SCI-IOTT, Assistant. 
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:!69 



Blank page retained for pagination 



APPENDIX NO. 4-1897. 

IrnSULTING HEIGH'fS FROM SPIRIT LEVELING 
SALINA, KANS. FROM OBSBH,V ATIONS BY 
BETWEEN JULY 11 AND OOTOBEI{. 28, 1895. 

BETWEEN HOLLIDAY AND 
I. WINSTON,· ASSIS'l'ANT, 

Submitto1\. for pnblication by CHAS, A. SCHOTT, Assistuut, in charge Computing Division, November 13, 1897. 

The following results of heights of spirit leveling between Holliday and Salina, Kans., are 
berewith respectfully submitted. This is in continuation of the line of levels starting from 
bench mark (K3) on the bridge across the Mississippi at St. Louis, Mo., and running westward 
via .Jetfor~on City and Kansas City to Holliday, about ~2 kilometres or 14 statute miles 
westerly of Kansas City.• The present extem>ion carries the line 276 kilometres, or 171~ miles 
(nearly), westward along the Atchison, Topeka and Santa Fe Railroad to Topeka, Kans., and 
thence along the Union Pacific Railroad to Salina. The line begins at bench mark LXIII and 
ends at bench mark H 1• The heights are r('lative, and refer to the so-called "City directrix" at 
St. Louis as the zero or starting level. This level bas been transferred to bench mark K 3 at 
the St. Louis bridge. Should absolute beights be desired this starting level may be taken as 
125.8 meters~ or 412·7 feet, above the Gulf of Mexico; the exact elevation can only be given after 
the co11necting lines are all completed a11d adjusted. 

Instruments.-Micrometer spirit level No. 5 was used. The constants of this instrument were 
determined in 18Q5-9G1 and the same were employed in the present computation. They are given 
in last year's Report, Appendix No. 3.t The wooden metric rods P and Q,t soaked in paraffin, 
bad their graduation and index corrections determined as follows: 

n1. m. 
Length of rods between graduations, o· 1 and 3 ·o at 24 C. 

m. m. 

Rod p {March, 1895, 2·90005} and rod Q {March, 1895, 2·9<JOOS 
June, 18¢, 2·90161 June, 1896, 2·90138 

the last determination was used in the computation. 
The index error of the rods is practically zero. Measures in .Tune and November, 1895, 

show the first 0·1 m. to be correct within ::!: O·l mm. 
-------------------------------· -··- -···----·-·------
* Cfr. Appendix No. 2, Report for 18931 part 2. Heights from geodetic leveling between St. Louis nnd 

,Jefferson City, Mo., 1882 and 1888; and Appendix No. 5, Report for 1896. Resulting htiights from spirit leveling 
betw~en Jefferson City, Mo., nnd Holliday, Kans., 1891. 

t For special reference reMpecting this instrument see Appendix No. 5, Report fo1· 1896, p. 265; also for latest 
constants, Appendix No. 3, Report for 1896, JI. 248. The menu Ynlue for collar inequality, - l ·"11, wa.e used. 

t For description of these rode see Appenc\ix No. 8, Report for 18951 with two plates of illustration. 
271 
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The c-0efficieut of expansion was but 0·000 004 per degree centigrade. 

Jun.c.lt.
0

011, C'ity 
.Tor~ A'i<:ay 

O,gden-~· 
I 
I 

J. 

vrunzr 

Jl/etltod of observing.-The method of run· 
ning two independent line~, one forward the 
other backward, which has been followed 
since leaving Etlah, Mo., was abandoned 
for the old rnethod of runuiug two simultane­
ous parallel Jines, one with rod P: the other 
with rod Q. The average distance between 
the instrument and the rod was about 85 
metres. 

Computations.-The field computation is by 
the observer, assisted by members of hi~ party. 
A. revision was made at the office, by Assistant 
F. A. Young, of the abstract of results as pre­
pared by Mr. Winston; and lastly, Assistant 
J.B. Baylor made a final revision. 

Results.-The resulting heights of the bench 
marks above the St. Louis standard level K:1 

are contained in the tabular exhibit of the 
operation. The temporary marks along the 
line are ubout 1 ·1 kilometres apart;· the perma­
nent bench marks number :{4. 
. Squaring the numbers in column" P-Q" we 
find the mean error m' of a single leveling of 1 
kilometre. 

I J[dd] _ Jf707 I 1 "'8 
m = 218] - 052 · = ::r: •• mm. 

Also the probable error r" of a double measure 
of 1 kilometre. 

r"=0·G75 /[i!~J = :l 0·85 mm., -V 4 [s] 

and the probable error r of the whole line 
between bench marks LXIH and H1. 

r = 0•675Jr;~1 = ±: 14·2 mm. 

The above values suppose the two measures, 
or the P and Q lines, to be independent of one 
another. This not being the case with simul­
taneous lines, where the conditions of the instru­
ment and oftheatmosphereare the same for botll 
Jines, we increase the value of r by its fourth 
part and get the improved value ± 17·75 mm. 

The probable error of the height assigned 
to Holliday, distant from St. Louis, Mo., 481·6 
kilometres, or 299·3 statute miles, was :!: 28·9 
mm.; hence we have for the probable error of 
the height assigned to Salina, mark Hi the 
value .J(28;uf+(I7~7t>)2 = ± 33·9 mm., as 
developed between St. Louis and Salina. 
The total distance between these stations 
along the line of levels is 757·7 kilometres, or 
470·8 statute miles. 



REPORT FOR 1897-PART II. APPENDIX NO. 4. 

Resitlts of geodeUc spirit leveling from Holliday to Salina, Kans. 

I Ileuch mark. 
1
1 I . i

1

Differenceof height between marks.I Discrepancy. 
I ________ ~ Distance Dlst:i~c~ Height nbove 
I ' between I from tmtinl J I ______ ,bench mark K

1 
1succes.,ive ~l~~rf K~. JI! r Partial I Totnl at St. I,ouis, 

: From To. I marks. I a • M~~uts, I Line rod P. Line rod Q. ;:J~.0 P-Q. . accumu- Mo. 

I 
! lated. 

J _ ---------/. ---- ·----1----1-----1----'---11-----1 

i 
1 km. km. m. m. m. mm. mm. 111. 

LXIII I 481 ·648 1o6·6648 
/ LXIII r I ·977 482·625 +o·rrro +0·1o86 +0·1098 +2'4 +2'4 1o6·7746 

I 2 I ·954 483·579 +0·6527 +0·6526 +0·6526 +0·1 +2'5 !0]'4272 
I 2 3 j 1'0341 484·613 +1·o8o3 +1·o853 +1·o828 -5·0 -2·5 lo8·5100 
. 3 4 1'105 485718 -0·0922 -0·0958 -0·0940 +3·6 +1·1 1o8·416o 

1 
__ 4 ______ s_:_ 1·170 I 486·8~~ +o~~~ +0·5873 ~·5892 +3·l~_I +4·:_~~0052 

1~. R. s~~~~/ 487'~ +1:_<:~---- +·1·o87 ___ I rro~~ 
: 5 6 1·1361 488·024 I +0·2316 +0·2322 ...l 0·2319 -0·6 ! +4'3 r09·2371 
· 6 7 1"134 489·158 +2·1462 +2·1477 +2·1470 -1·5 I +2·8 ru·3841 

7 8 ro68 490·226 +0·0030 +0·0028 +0·0029 +0·2 I +3·o III'3870 
I 8 9 '953 1 49I'I79 +0·9878 +0·9897 +0•9887 -1'9 '1 +1·1 ll2'3757 
I 9 IO I'OIO I 492·189 +0·3722 +0·3753 +0·3738 -3·1 ' -2·0 Il2"7495 I IO II 1'002 I 493·251 +0·2677 +0·2705 +0·2691 -2·8 I -4·8 113·0186 
1 II I2 I 1·072 I 494·323 --0·3015 -0·3045 -0·3030 +3'0 i -I'S u2·7I56 
: 12 I3 ·9So 495·3031*-0·9900 *-0·9950 -0·9925 +s·o I +3·2 1II·7231 
i 13 14 J ·5o8 1 495·811 -o·u54 -0·1136 -o·u45 -1·8 

1 
+I·4 I II!'6o86 

J 14 = A !- '09~! 495':°4 I +0·4858 ·t-0·4854 I +0~856 +o·~; +1·~ u2~0942 
i 14 rs I r·178 I 496·g89 I +0·21091 +0·2095 

1 

+0·2Io2 +1·41 +2·8 1u·8188 

I 15 I6 ! I'I49 I 498·138 +1·4021 +1·4001 / +1·4011 -j-2'0 +4·8 u3·2199 
. 16 B ·552 I 498·690 -jT3658 +1·3635 i +1·3646 .+2·3 +TI u4·5845 
.

1 

n c ·403 
1 

499·0~3 \ +.2·4401 +2·4418 
1 

+2·44w -q I +s·4 11ro2ss 

,-c-R. R. sta~(;) ~;Im;;-!- 0·9;----· -0·9;;- ____ ! ____ l-;;6~074 
-----1---.---.-----------------

c 17 ·949 j 500·042 -1·6903 -1·6872 -I·6888 --3·1 I +2·3 115·3367 
17 18 1·272 '1 501·314 +0·3146 -j-0·3141 +0·3143 -j-0·5 i +2'8 115·6510 
18 19 I'l62 502·476 -1·1648 -1·1624 -1·1636 -2·41 +0·4 114·4874 
19 20 1"035 j 5oy5u +l'Io87 +no51 -j-I'Io69 +3·6 -j-4·0 115·5943 
20 21 I l·ooo · 504·511 +1·5459 +1·5448 +1·5454 +1·1 1 +s·1 IIr1397 
21 22 I"ogo I 505·6o1 +0·4179 +0·4148 I +0·4164 +3·1 i +s·2 IIT5561 
22 23 1·250 I so6·s51 -0·7428 -0·7438 I -0·74:;3 +1·0 I + 9·2 I16·s128 
23 D ·466 5or317 +0·6g53 +0·6959 · -j-0·6956 -0·6 +8·6 ur5o84 
u 24 1·o68 508·385 -0·4957 -0·4943 -0·4950 -1·4 +r2 uro134 

1 24 25 no6 so9·491 +1·5358 +1·52¢ +1·5327 +6·2 -t-13·4 118·5461 
25 26 ·998 5w·489 +4·1546 -j-4·1507 +4·1526 +3'9 +11·3 122·6g87 
26 27 1'055 511·544 -0·5415 -0·5478 -0·5446 +6·3 +23"6 I22"I54I 
27 28 1·054 512·598 l*-1·7955 *-r·Soog -1·7982 +5·4 +29·0 120·3559 
28 E ·294 512·892 j*+o·5go8 *+0·5914 +0·5911 -0·6 -j-28·4 120·9470 
E 29 1'012 513·904 i -1·o868 -1·0907 -1·o888 -J-3·9 -t-32·3 u9·8582 
29 30 I'o46 514·950 -0·2093 -0·2o66 -0·2079 -2·7 -j-29·6 u9·6503 
30 31 1·162 5r6·112 +1·16o2 +1·1589 +I"I5g6 +r3 +30·9 l20·8o<)9 
31 32 1'051 51r163 +0·7992 +0·7g8o +0·7986 +I"2 +32'1 l21·6o85 
32 33 1·399 518·5621-0·3357 -0·3389 -0·33731 +3'2 +35'3 121·2712 
33 34 I I'll! 5I9·673 +2'3476 +2'3471 +2'3473 +0·5 ! +35'8 123·6185 
34 35 I '962 520'6351 +0·0697 -j-0"0713 +0·0705 -!'6 +34"2 123°6890 

I 3s 36 / ·91s 1 s21·ss3 +0·4s23 +0·4504 +0·4514 +1·9 +36·1 124·1404 

I 
36 37 I 1·048 s22·6o1 +0·1959 +0·1973

1 

+0·1966 -r4 + 34·7 124·3310 
37 F 

1 
nSo 523·781 j +1·2904 +1·2889 +1·2896 +rs +36·2 i25·6266 

I-;-R. R. Sta. (3 )-1 ~ 523 ·951 ! -0·685 ----=;·685 - 124 ·942 
I I ----·l----i------

1
-;-----G---:;;;;-;4'547 11-=;·7167 -2·7;6s°j--=;·7168 
, G 38 ·868 525·415 *+0·9234 *+0·92991 +0·9267 
1 38 39 ·909 526·324 -o·o676 -o·o675 -o·o675 
I 39 40 1·036 52]'36o +0·5873 +0·5828 +0·5850 

40 41 1'090 528·450 -0·5565 -0·55401-0.5553 
41 42 I'll6 529•566 +1·8163 +1·8136 +1·8150 
42 H I'194 j30·76o +0·9369 +0·9403 +0·9386 
H 43 ·970 531·730 -0·6953 -0·6961 1-0·6957 
43 44 !"272 533·002 +1·2643 +1·2650 +r·2646 
44 45 1·240 534·242 +0·0037 +0·0082 I +o·oo6o 
45 46 I'I20 535·362 +1·2on +I·2021 +r·2016 
46 47 J'l6o 536·522 +1·7582 +1·75321 +1·7557 
47 48 l'o88 537'6IO -0·6624 -0·6634 -0·6629 

*Mean of two measures. 
6584-18 

+o·r -t-36·3. 
-6·5 +29·8 
-0·1 +29°'7 
+4"5 +34'2 
-2·5 +31'7 
+2'7 +34'4 
-3·4' +31'0 
+0·81 +3I'8 
-0·7 +31'1 
-4·5 +26'6 
-1·0 +25·6 
+s·o +30·6 
+1·0 -t-31·6 

I22'gog8 
I23 ·8365 
123 ·7690 
124·3540 
123·7gS7 
125·6137 
126·5523 
125·8566 
127'1212 
12r1272 
128·3288 
130·0845 
129·4216 

273. 
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Results of geodetic spirit leveling from Holliday to Salina, Kans.-Continued. 

Bench mark. Difference of height between marks. Discrepancy. 
I------- Distance fr~~~n~~i':.t 1------------1-------,--~-I Height above 

From To. 

48 
49 
I 
50 

49 
I 

50 
51 

between bench mark K3 
successive 1~art K~ M f Partial Total at St. Louis, 

marks. a tMo~uts, I,ine rod P. I,ine rod Q. ;,;'J's.
0 

P-Q. a~~.:d~- Mo. 

km. 
·976 
·388 

1'294 
r-051 

km. 
538·586 
538·974 
540·268 
541·319 

m. 
+ 0·6970 
+ 0·6985 
- 0·3¢3 
+ l'90CJ6 

1Jt. 

+ 0·6959 
+ 0·6963 
- 0·4028 
+ 1·9032 

1Jt. 

+ 0·6¢4 
+ 0·6974 
·- 0·3996 
+ 1'9019 

nnn. 
+1·1 

+2"2 
+6·5 
-2·6 

1nm. 
+32'7 
+34'9 
+41'4 
+38'8 

m. 
l30'II8o 
130·8154 
130·4158 
132·3177 

1-----·----------------1·---------·--------
51 R.R. Sta.(4) ·153 541 ·472 -r 0·326 + 0·326 

-------------------------------------------
5r 
52 

52 
53 

•988 542·307 - !'9850 - 1'9837 - 1'9843 -1·3 +37'5 
·709 543·016 + I'II45 + ru29 + l'II37 +r6 +39'1 

130·3334 
l31·4471 

-------- -------------------------------
53 J 'Ill 543·127 + 0·3024 + 0·3027 + 0·3026 -0·3 +38•8 131'7497 

---------------------------·------------
53 
54 
55 
56 
57 
58 
59 
6o 
K 
61 

54 
55 
56 
57 
58 
59 
6o 
K 
61 
62 

I'I07 
·983 
•984 

1'056 
l'o89 
1°070 

•989 
1°026 
1'090 
1·034 

544·123 + n654 + n679 + n666 
545·1o6 - 0·5So4 - 0·5871 - 0·5838 
546·090 + 0·8628 + 0'8635 + 0·8632 
547'146 + 0·6364 + 0·6321 + 0·6342 
548·235 + 0·4562 + 0·4581 + 0·4572 
549·305 - 0·0152 - 0·0154 - 0·0153 
550·294 + 3·1912 + 3·1863 + 3·1887 
551·320 - 1·9712 - r-9714 - 1·9713 
552·4w - 1'3026 - I'3o64 - 1·3045 
553 ·444 + 2·2564 + 2·2547 + 2·2556 

-2·5 +36'6 
+6·7 +43'3 
-07 +42'6 
+n +46·9 
-1·9 +45'0 
+0·2 +45'2 
+4'9 +50·1 
+0·2 +5o·3 
+3·s +54·1 
+1·7 +55'8 

132·6137 
132·0299 
132·8931 
133·5273 
133·9845 
133·¢92 
137'1579 
135·1866 
133·8821 
136·1377 

1----------------------1-----1------------
62 R.R. Sta.(5) ·450 • 553·894 + 0·923 + 0·923 13ro61 

-------------1----1---- ----1----------------
62 63 r-o85 554·529 + 1·7507 + 1·7503 + 1·7505 +0·4 +56·2 13r8882 
63 64 1·252 555·781 - 0·1379 - 0·1411 - 0·1395 +3·2 +59·4 137'7487 
64 65 1·235 557'0I6 - 0·7896 - 0·7919 - 0·7907 +2"3 +6q l36·958o 
65 66 1'186 558·202 + l'7II7 + l'7II3 + r-7u5 +0·4 +62·1 138·6695 
66 L ·414 558·616 - 0·9315 - 0·9320 - 0·9318 +0·5 +62·6 137'7377 
L 67 n71 559·787 - 0·5679 - 0·5695 - 0·5687 -t-1·6 +64·2 13r1690 
67 68 1·120 56o·907 + !'8751 + 1 ·8794 + !'8772 -4·3 + 59·9 139·0462 
68 69 1·001 561·9o8 + 2·4554 + 2·44¢ + 2·4525 +5·8 +65·7 141·4987 
69 70 1 ·022 562·930 + 0·4816 1+ 0·4822 + 0·4819 -0·6 +65·1 141 ·98o6 
70 71 n56 564·o86 + 1'6209 

1
+ 1'6175 + 1·6192 +3'4 +68·5 143·5998 

71 72 1'378 565·464 + 0·2908 ·+ 0·2884 + 0·28¢ +2·4 +10·9 143 ·8894 
72 M ·o81 565·545 + 0·6789 + 0·6793 + 0·6791 -0·4 +10·5 144·5685 
M 73 1·035 566·58o + 0·1077 + 0·1oR9 + 0·1o83 -1·2 +69·3 144·6768 
73 Jennings ·822 56r402 +12·1920 +12·1934 +12·1927 -1·4 +6r9 156·8695 
Jennings 0 ·o;o 56r472 + l ·3422 + l ·3425 + l ·3424 I -0·3 +6r6 158·2119 

M = N - ·6o8 ~ 566·15~ - 1·6o33 - 1·6o1;- - 1·6o2~1 -1·s -J-68·7 _ 142:¢61· 

~ R.R. Sta.(6) ·905 56ro58 - 0·610 - o·6ro 142·356 

N 74 1·198 56n51 - 0·8719 =-;;~-=-;:;·8740 I +n +13·;--~0921 
-;:;-R.R.:X(7) ·335 -1-;;-:686 + 0'123 I - + 0'123 =---1---~ 142'215 

74 75 n94 ' 568·545 + 0·3628 + 0·3620 + 0·3624 +o·8 +13·8 142·4545 
75 76 !'203 569748 - 0·0490 - 0·0502 - 0·0496 +1·2 +75'0 142·4049 
76 77 I'2IO 570·958 -j- 1'3276 + 1'3303 + 1'3290 -27 +72'3 143'7339 
77 78 !'254 572·212 + 1·1993 + n998 + 1'1995 -0·5 +11·8 144·9324 
78 79 I ·142 573 '354 + 2·8214 + 2·8228 + 2·8221 -1 ·4 +10·4 147'7555 

_!}_ ___ ~ l'o6:_ 574·416 + 0·0504 
1
+ 0·0505 + 0·0505 ~ -j-70·3 -~8o6o 

So R.R. s~-(8) ·127 574·543 - o·n4 - 0·114 147'692 
--------------------------------

So 81 1·124 575·540 - 0·9789 - 0·9753 - 0·9771 -3·6 +66·7 146·8289 
Sr 82 l ·195 576·735 + 0·3236 + 0·3237 + 0·3236 -0·1 +66·6 147'1525 
82 83 n65 577'900 + n9o8 + n874 + 1'1891 +3'4 +10·0 148·3416 
83 84 nSo 579·o8o + 0·3983 + 0·3959 + 0·3971 +2·4 +12·4 148·7387 
84 85 I'20I 5So·281 + 0·3835 + 0·3850 + 0·3843 -1·5 +10·9 149·1230 
85 86 l ·230 581 ·51 I + 0·6523 + 0·6514 + 0·6518 +0·9 +1r-B 149·7748 
86 87 n84 582·695 + 0·4079 + 0·4121 + 0·4100 -4·2 +6r6 150·1848 
87 88 1'346 584·041 + !'8824 + 1'8793 + 1'8809 +3"1 +10·7 152·o657 
88 P ·409 584.450 + 0·6285 + 0·6284 .+ 0·6284 +o·r +10·8 152·6941 

_P_~- R. Sta.(9) ~ 584'530 ~ - 0·217 _____ J- 0·217 -~-------- 15_2-:477 
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Results of geodetic spirit leveling from Holliday to Salina, Kans.-Oontinued. 

Bench mark, 
Distance 

Difference or height between tnarks. Discrepancy. 
Distance from Initial Helfiht above 
between mark Kl, benc markK3 

SllCCeBSlve at St. Lou s, Mean or Partial Total at St. Louis, 
From To. marks. Mo. LinerodP. LlnerodQ. rods. P-Q. acc:umu- Mo. 

lated. 

--- ---
km. km. m. m. m. mm. mm. m. 

p 89 I'028 585·478 -0·5228 -0·5216 -0·5222 -1'2 +69·6 l52'17I9 
89 90 I'200 . 586·678 +I·3243 +r3234 +I·3239 +0·9 +10·5 I53·4958 
90 91 l'Ig6 58]'874 ·- 0·9777 -0·9765 -0·977I -I'2 +69'3 l52'5I87 

-----------------------------
91 R.R. Sta.(10) ·792 588·666 +0·856 +0·856 153·375 ----------------------·-----------------------

91 92 l'IgS 58g·o72 +0·8270 +0·8271 +0·8270 -0'1 +69·2 153·3457 
92 93 I'I98 590·270 -0·92n -0·9265 -0·9238 +5'4 +14·6 152·42I9 
93 94 I'I73 591·443 +3"0393 +3'0422 +3'04o8 -2·9 +7I'7 I55'4627 
94 95 I'I82 592·625 +1·I27I +1·I303 +n287 -3·2 +68·5 I56·5914 ------ ----------------
95R. R. Sta.( II) ·389 593·014 +0·509 +0·509 157'100 

-------·-----------------
95 Q •8o6 593·43I +o·6o66 +0·6o59 +0·6o62 +07 +69·2 I57'I976 
Q 96 1·192 594·623 +0·5364 +0·5318 +0·5341 +4'6 +13·8 I57'73I7 
96 97 I'I86 595·Sog -0·0435 -0·0423 -0·0429 -1·2 +72·6 157'6888 
97 98 l'II5 596·924 +1·3772 +1·376o +r3766 +1·2 +13·8 I59'o654 
98 99 I'282 598·2o6 +0·3999 +0·4047 +0·4023 -4·8 +69·0 I59'4677 
99 IOO I'I34 599·340 +1·o637 +ro653 +1·o645 -r6 +67'4 l6o·5322 

roo IOI I'I62 6oo·502 +I·6333 +1·6303 +1·6318 +3'0 +10·4 I62'I640 
IOI I02 I'o88 6o1·590 -3·2441 -3·2468 -3·2454 +2'7 +13·1 I58'9186 
102 103 I'o88 6o2·678 +4·0722 +4·0750 +4·0736 -2·8 +10·3 162·9922 
I03 I04 1'054 6o3·732 +1·3485 +1·3510 +1·3498 -2·5 +67'8 164·3420 

~------;-( ·853 )6o4'58; +3:S554 I +3·8582 -
---------------

+3·8568 -2·8 +65·0 I68•1g88 

~--~,~~-I -----------------
6o4·929 +0·4145 +0·4157 +0·4151 -1·2 +66•6 I64 ·7571 

105R.R.S~.(12) I ·31~~1 6o5·24~ +I'2o8 -~ 
---

+I'2o8 165·965 
----------------------

100 1'085 I Eo6·014 +0·0701 +o·o681 +o·o691 +2'0 +68·6 I64·8262 105 
100 107 I'o73 6oroS1 -0·37<f8 -0·3822 -0·3810 +2'4 +11·0 I64·4452 
107 lo8 I ·126 6o8·213 +0·5916 +0·5899 +0·5907 +r7 +12·7 165·0359 
108 109 I'I76 6CJ9•38g +4'2182 +4'2200 +4·2194 -2·4 +10·3 I69·2553 
109 IIO I'lg6 610·585 +0·3167 +0·316o +0·3164 +0·7 +11·0 I69·5717 
IIO III 1·387 611 ·972 -4·1858 -4·1845 -4·1852 -I'3 +69·7 165·3865 
III 112 l '214 613·186 -0·31o6 -0·31o6 -0·31o6 o·o +69·7 165·0759 
112 II3 1·289 614·475 +0·1848 +0·1836 +0·1842 +1·2 +10·9 l65·26o1 

---------------- ---
113 R.R. Sta.( 13) ·548 615·023 +1·3o6 +1·306 166·566 

----------------------
u3 114 1'189 615·664 +0·5379 +0·5390 +0·5385 -1·1 +69·8 l65'7g86 
II4 Il5 l'ogo 616·754 +1·9012 +1·9034 +1·9023 -2·2 +67'6 167'7009 
MS s 1·239 6I7'993 -0·7732 -0·7713 -0·7722 -1·9 +65"7 166·9287 
s II6 1'192 619·185 -tl'lo85 +1·uo7 +1·1096 -2·2 +63·5 168·0383 
II6 n7 l'o8o 620·265 -0·386o -0·3831 --0·3845 -2·9 +6o·6 I6r6538 
117 II8 1·082 621·347 +3'3377 +3'3355 +3'3366 +2'2 +62·8 170·9904 
n8 Il9 1'104 622·451 +r2ogo +1·2124 +1·2107 -·3·4 +59'4 172'20ll 
ll9 120 r195 623·646 +0·0355 +0·0358 +0·0356 -0·3 +59·1 172·2367 
120 121 1·194 624·840 +1·3934 +1·3917 +1·3926 +1'7 +00·8 173·6293 
I21 T l'2I3 626·053 +2'3628 +2·3656 +2·3642 -2·8 +58·0 175·9935 ------ --------------
T R.R. Sta.(14) '100 626·153 -0·414 -0·414 175·579 --- --------
T I22 I'056 62r ,09 -2·8379 -2·8367 -2·8373 -1·2 +56'8 I7:P5~ 122 123 1'163 628·272 -1·3769 -1·4758 -1·3764 -1·1 +55'7 171 ·77 
I23 124 1'294 629·566 +0·4293 +0·43~4 +0·4304 -2·1 +53'6 172'2102 
124 125 1'234 630·8oo +1·276o +1·27 I +1·2770 -2·1 +51'5 173 ·4872 
125 126 1'125 631 ·925 +1·¢74 +rg68o +1·g677 -0·6 +50'9 175'4549 
126 127 l'Ig6 633·121 -0·4695 -·0·4684 -Q'4689 -1·1 +49'8 l74·986o 
127 128 1'218 634·339 +0·4287 +0·4288 +0·4287 -0·1 +49'7 175·4147 
128 129 I'lgS 635·537 -0·3138 -0'3I34 -0·3136 -0·4 +49'3 l75·10II 
129 130 1'049 636·586 +0·5770 +0·5758 +0·5764 +1·2 +50·5 175·6775 -----
130 R.R.Sta.(15) ·316 636·902 +I·o83 +I·o83 I76'76o ---------------------------
130 131 ·464 63ro50 +0·7255 +0·7250 +0·7253 +0·5 +5ro I76·4028 
131 u ·242 63r292 I +3·3750 +3'3748 +3'3749 +0·2 + 51·2 179'7777 
131 132 1'148 638•198 -1 ·4575 -1·4574 -1·4575 --0'1 +5n 174'9453 
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Results of geodetic spirit leveling from Holliday to Salina, Jfons.-Continued. 

Bench mark. 
1 

l . I Difference of height between marks.\ Discrepancy. 
, ________ Distance! fr~;~tf~i~fn 1 1 ! Height nhove 

~~~~l~~I m.ark K~ · \ \ Pnrtial Total ™:,~~~-~~:~s~3 

From To. marks. ·atStr,i1;,~uis, !I I.ine rod P.I l,ine:rod Q. M;~d's~f P-Q. accumu- Mo. 
lated. 

-----------·km. - -km.-1 -;::- - m. m. !·--:,z;,z. -,1111-:· 111. 
132 133 1"144 639·342 +1·7595 +1·7562 +1·7579 +3·3 +54"4 176·7032 
133 134 ·99fl 640·340 +o·So79 +0·8o84 +o·SoS1 -0·5 + 53 ·9 17r5113 
134 135 1·198 641·538 +0·6643 +0·6636 +0·6640 +0·7 +54"6 178·1753 
135 136 1·376 642·914 -0·3968 -0·3914 -0·3941 -5·4 -i-49"2 177·7812 
136 137 I 1·044 643·958 -j-3·4186 +3·4188 I -t-3·4187 ' -0·2 -t-49·0 181·1999 
137 138

1

1 ·976 644·934 +2·po3 +2·1093 , +2·1098 +ro -t-50·0 183·3097 
138 139 1·030 645·964 -0·2861 -0·2870 : -0·2866 +0·9 +50·9 183·0231 
139 140 1·o88 64]"052 -1·9264 -1·9274 -1·9269 +1·0 -t-51·9 181·0962 
140 141 ' 1·156 648·208 -1·1498 -1·1514 --1·1506 +1·6 -:-53"5 179·9456 
141 v I ·752 648·96o +0·7813 +07825 +0·7819 -1 ·2 i +52·3 18o·7275 
V Gauge ( 16) -5·958 -5·958 174·769 
V R.R. Sta. ( 17) 

1 
·282 

1

. 649·242 + 1 ·891 + 1 ·891 182·618 
VX R.R.(18) I~-- 649~~ -f-2~~---~~~---i ______ 1_8~.:..=.:?_ 
v 142 1·002 I 649·962 +2·7825 +2·7798 +27812 +2·7 i -i-55·0 183·5087 
142 143 1·rn4. 651·006 +1·3698 +1·3686 +1·3692 +1·2 +56·1 184·8779 
143 1.g 1·191 I 652·257 +4·5585 +4·5583 +4·5584 +0·2 ...:...56·3 189·4363 
144 145 1·074 1 653·331 -5·3217 -5·32o6 -5·32r2 -1·1 +55·2 184·1151 
145 146 1·139 ! 654·470 -0·6911 -0·6904 -0·6907 -07 +54"5 18:,-4244 
146 147 1·o82 : 655·552 +4·7027 +4·7030 +4·7029 -0·3 +54·2 188·1273 
147 148 n87 656·739 -1·36o3 -1·3579 J -1·3591 -2·4 +51·s 186·7682 
qs 149 1·176 65r915 +1·2485 +1·2511 I ,-1·24<)<-'l -2·6 +49·2 188·018o 
149 150 1"161 659·076 +0·1871 +0·1819 ,0·1845 -;-5·2 -j-54·4 188·2025 
15:J 151 1·053 66o·129 ...Lo·6.'.\79 -\ 0·64251 +0·6402 -4·6 -j-49·8 188·8427 
151 1521 ·950 661·079 +0·88o7 ,0·8830 +0·8818 -2·3 -i-47·5 1897245 
152 153 1 ·034 662· 113 -t-1 ·536o +I ·53181 --j- 1 ·5339 -t 4·2 +5 l "7 191 ·2584 
153 154 ·9791 663 ·092 +0·0946 +0·0978 +0·0962 -3 ·2 +48°5 191 ·3546 
154 155 1·031 664·123 +0·7267 -Lo·7273 -1 0·7270 -0·6 -i-47"9 192·o816 
155 1561 1·178 665·301 I -t-1·3695 +1·3689, t-1·3692 +o·6 --j-48·5 193·4508 
~--~~~1~~~5441 +0~704, +0~~676 I +0~~690 ~~~-+51·3 _194~0198 

157 W '1 ·392 I 666·936 '\ +2·5590 j +2·5596 [ +2·5593 -o·6 I +50·7 
1

1 1¢·5791 
157 R.R.Sta.(19) ·401 I 666·945 +0·267 I I -1-0·267 194·287 

~---~j 1 ·44;'66;~;g;-J -0·6359 ~:(;340 1~:-6~ ~;1-+49·4 --19ns41l 
158 159, 1·366' 669·353 +1·6255 I +1·627s . -t-1·6265 -2·0 +4r4 195·0113 
159 16o I r·252 1· 670·605 : +2·9247 +2·9248 +2·9247 -0·1 . +47"3 19r936o 
16o 161 1·16o. 671·765 +0·8452 -t-0·8419 +0·8436 +3"3 . +50·6 198·7796 
161 162 J"III I 672·876 +3"2577 -t-3·2541 +3·2559 +3·61 +54·2 202·0355 
162 163 1·140: 674·016 -2·018o -2·0167 -2·0173 -1·3 + 52·9 200·0182 
163 164 r198 '. 675·214 -2·0245 -2·0261 -2·0253 +r6 -t-54·5 19r9929 
~---~:~:_ 675·506 +2·1141 +2·~ +2·1146 ~~1 +53·4 ~~rn75 

x R.R.Sta.(20) I ·076 675·582 I -1·634 -1·634 I - 193·47<1 
--------.---------·--------------------------

x 165 1°000 676·506 -1·8834. -1·8819 -1·8827 -rs i +s1·9 198·2248 
165 166 ·9¢ . 67r502 +1·4527 +1·4503 +1·4515 +2·41 +54·3 199·6763 
166 167 r·o83 1 678·585 -1·0430 -1·0435 -1·0432 +o·s +s4·8 198·6331 
167 168 1·o88 679·673 +1·3790 +1·38o3 +1·3796 -1·3 +53·5 200·0127 
168 169 1·072 68o·745 +1·8154 +1·81 37 +1·8146 +1·7 . + 55 ·2 201·8273 
~---~~-~~567 *+0~~96 *+0~722 I +0·6709 --=:.:.~I -t-52·~-~·4982 

170 Y ·029 681 ·596 . +0·75<]8 +0·75¢ I +0·7597 +0·2 ! +53 ·o 203 ·2579 
170 R.R.Sta.(21) "Ill 681·678 +0·121 I +0·121 I 202·619 

•170 ----;;-~66s~533 ~:-68;; ~:-6815 ·1~-:-6826 i---=-;:-;-1 +50·6·~:8156 
171 172 1"074 683"6o7 +0·7623 +076o3 +0·7613 +2·0; +52·6 202·5769 
172 173 1·426 685·033 +0·6924 , +0·6945 +0·6934 -2·1 ; +so·s 203·2703 
173 174 1°178 686"2II -o·,-,527 I -0·3520 1 -0·3524 -0·7 ' --j-49·8 202·9179 
174 175 l"O<)O 68r301 +s·6295 +5·6309 · +5·6302 -1·4 -t-48·4 208·5481 
175 176 1"116 688·417 -2·5229 -2·5241 -2·5235 +1 ·2 +49"6 2o6·0246 
176 177 1·252 689·669 -0·8267 -0·8316 -0·8292 +4·9 +54 ·5 205·1954 
177 178 n68 69o·837 +0·9078 +0·9076 +0·9077 +0·2 -i-54"7 206·rn3r 
178 179 1"002 691·899 +0·0354 +0·0322 +0·0338 +3"2 -t-57"9 206·1369 
179 18o l"ll9 693·018 +2·8375 +2·8390 +2·8383 -1·5 --j-56·4 208·9752 
18o 181 ·998 694·016 I +0·3395 +0·3368 +0·3381 +2·7 +59·1 209·3133 
181 182 n62 695·178 1 -0·4711 -0·469fl -0·4705 -1·3 +sr8 20H·8428 
182 183, n¢: 696·374 i +1·2445 +1·2430 +1·2438 +1·5 -j-59·3 2rn·o866 

*Mean of two measures. 
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Results of geodetic spirit leveling from Holliday to Salina, Kans.-Contiuued. 

Bench mark. 

I 
Difference of height between marks. Discrepancy. 

. Distance 
I-------- Distance from initial Height above 

between I bench mark K 3 
.i1ccessive mark K~ Total at St. Louis, 

T I marks. at St. Lollis, . d Tine. rodQ. Mean of Partial M o. Mo. L111e ro P . .., rods. P-Q. a'{~'i/~· o. From 

---------

1 

km. km. m. 111. m. mm. mm. m. 
183 184 I'!62 69r536 +0·5493 +0·5446 +0·5469 +4·1 +64·0 210·6335 
184 185 n64 698·700 +0·2909 +0·2948 +0·2929 -3·9 +00·1 210·9264 
185 186 [ rr62 699·862 +0·5468 +0·5512 +0·5490 I -4·4 +s5"7 211"4754 
186 z I 1"161 701·023 -0·0583 -o·o6o1 -0·0592 +1·8, +57'5 211·4162 
z 187 1·056 702·079 +1·6386 +1·6377 +r638r +0·9 I +58·4 213·0543 

187 R.R.Sta.(22) I-;;-; 7on92 +o·;~--- +o:-;~1---,-----;;;:~ 

---;g;----~1---::;;--;;790 +1~78o I +1·Si78 'I +1:S779 +0·;1 +58·6·---;;:;~9322 
A, 188 I l·orr 703·8o1 +3·96141 +3·¢25 +3·¢20 -n +57"5 218·8942 
188 189 / 1·122 704·923 -2·8893 -2·8876 -2·8885 -r7 +55·s 216·0057 
189 190 1·089 7o6·012 -1·3154 -1·3141 -1·3148 -1·31 +54"5 214·6909 
190 191 I 1·056 707·o68 +o·o841 \ +0·0852 +0·0846 -1·1 +53"4 214·7755 
191 192 1"043 708·111 +0·5049 +0·5100 +0·5075 -5·1 ' +48·3 215·2830 
192 193 1·372 70~483 +0·9478 I +0·9530 +0·9504 -5·2 1 +43·1 216·2334 
193 194 1·146 7'10·629 *+1·0354 *+1·0373 +1·0363 -1·9 I +41·2 21r2697 
194 195 I ·g81 7u·6ro +1·8390 +1·8403 +1·83g6 -1·3 I +39·9 219·1093 

~R.R.Sta. ( 23 )- ~-1--;;~;6 + 1 .~-:;;----+i ·072 -----,----1~~-

~----;;-l·~;-1---;-2·769 - +0·662;- +0·6619 +0·6622 ~; +40·4 ·/~·7715 -
196 197 1·110 71y879 +0·6328 +0·6321 +0·6324 +07 +41·1. I 220·4039 
197 198 1"072 714·951 +0·1375 +0·1386 +0·1381 -1·1 +40"0 220·5420 
198 199 1"196 716·147 +0·1950 +0·1972 +0·1961 -2·2 +37·8 220·7381 
199 200 1"2o8 717'355 +0·9812 +0·98591 +0·9835 -4·7 -j-33·1 221·7216 
200 201 1·131 11s·486 +1·1507 +1·1461. +1·1484 +4·6 +3r7 I 222·s100 
201 202 1·032 719·5 18 +0·8204 +0·8200 +0·8202 +0·4 1 + 38·1 I 223·6go2 

~--~~:_1..2:0·390-~~·983~-' +1·9846 (~·9838_~~1 -j-36·~-~~740 -

203 B, I ·135 \ 720·525 +noog II +1·1005 \ +1·1007 -0·4 I +36·1 I 226·7747 
203 R.R.Sta.(24) I ·144 I 720·534 +0.178 +0·178 I . 225·852 

203 = 204~1 1·226-1 721·61~ -0·~01;/ -0·102~\ -0·101< +o·;-: +36·~~1 225~5721 _ 

204 x. R.R. (25) i ·343 I 721·959 -0·016 I -0·016 I 225·556 
----------- ----------------- ------ ----i---------

204 205 1·104 722·720 -1·0223 -1·0259 -1·0241 -j-3·6. -j-40·2 224·548o 
205 206 I ·974 723·694 +0·7181 -j-0·7184 +0·7183 -0·31 +39"9 225·2663 
206 207 i 1·010 724·704 +1·o6S9 +1·0684 +1·o686 +0·5 +40·4 226·3349 
207 208 1·149 725·853 -0·4353 -0·4377 -0·4365 +2·4 ., +42"8 225·8984 
2o8 2og I n90 72ro43 +2·2583 +2·2587 +2·2585 -0·4 -;-42·4 228·1569 
2og 210 i 1·154 728·197 -o·o848 -0·0898 -o·o873 +5·0 I +47"4 228·06g6 
210 211 J. n75 729·372 +0·1864 +0·1877 +0·1871 -1·3 I +46·1 228·2567 
211 212 1·056 I 730·428 -0·24¢ -0·2526 -0·2511 +3·0 I +49·1 228·0056 
212 213 I !"IOI 731·529 +r2926 +1·2945 +1·2935 -1·9 +47'2 229·2991 
213 214 I 1·056 I 732·585 +1·2344 +1·2314 +1·2329 +3·0 I +50·2 230·5320 
214 215 I 1"020 I 733·6o5 -0·2004 -0·1977 -0·1991 -2·7 I +47"5 230·3329 
~---~l~_I nn89 +02828 +02soo +02844 -y:._1 +44·~-~~~ 

216 C, I ·091 ! 734·48o +1·2863 -j-n865 I -j-n864 -0·2 i +44·1 232·4037 
---------·----·---------------------------------

216 217 I rog5 I 735·484 -0·8788 -0·8814 -0·88o1 -1-2·6 I -j-46·9 230·2372 
217 218 ' 1·077 736·561 +07423 +0·74II -j-07417 +1·2 I -f-48·1 230·9789 
218 219 I n96 737"757 -0·2274 -0·2304 -0·2289 +3·0 I +5n 230·7500 
219 220 ! 1·084 [ 738·841 +r5178 +1·5177 +1 ·5178 +0·1 1 +51·2 232·2678 
220 221 J l"I06 739·947 -j-0·1410 -j-0·1459 +0·1434 -4·9 +46·3 232·4u2 
221 222 I 1·258 741·205 .t-0·3857 +0·3914 -j-0·3886 -5·7 1 +40·6 23279g8 
222 223 1·058 742·263 +0·3617 +0·3654 +0·3635. -3·7 l -j-36·9 23y1633 
223 224 1·141 743·404 +0·7040 +0·7042 +0·7041 -0·2 ' -j-36·7 233·8674 
224 225 n65 144·569 +1·2282 +1·2323 +1·2303 -4·1 I +32·6 235·0977 
225 226 r116 145·685 +1·5626 +1·5610 +1·5618 +1·6 I +34'2 236·6595 
226 227 1·092 746·777 +1·1452 +1·1447 +1·1449 +0·51 +34·7 23r8o44 
227 D, ·442 74r219 +1·g67i +1·9668 +1·9673 +0·9 -j-35·6 239·7717 

----------------1------·----1--------
D, R.R.Sta.(26) I ·071 747"290 -0·294 I ,_ 0·294 I 239·478 

--------,--------,-----i------;------i--------
•Menn of two 1ueasureN, 
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Results of geodetic spirit leveling from Holliday to Salina, Kans.-Oontinued. 

Bench mark. 
Distance 

Difference of height between marks. Discrepancy. 
Distance Hel!Jiht above 
between from Initial benc markK3 succes.1i ve mark K) 

Mean of Partial I Total at St. Louis, 
From To. marks. at St. Louts, Line rodP. LinerodQ. 

P-Q. a~~~c::e· Mo. lllo. rods. 

: -1---

km. km. 111. 111. 111. tlllll. mm. 11t. 
D, E1 1"276 748·495 -0·3384 -0·3397 -0·3390 +1·3 +36·9 239·4327 
E, 228 I 1"216 749·7u +1·4282 +1·4300 +1·4291 -1·8 +35"1 240·8618 
228 2291 1"204 750·915 +0·9631 +0·¢31 +0·¢31 o·o +35"1 241·8249 
229 230' 1"090 752·005 +2·o632 +2·o658 +2·o645 -2·6 +32"5 243·8894 
230 231 1"189 753·194 +0·17II +0·1718 +0·1714 -0·7 +31"8 244·o6o8 
231 232 1"202 754·396 +1·3123 +r3164 +1·3144 -4·1 +2T7 245·3752 
232 233 l"l6o 755"556 +0·0963 +0·0999 +o·O<JSx -3·6 +24"1 245·4733 
233 234 1"050 756·6o6 +1·53II +1·5289 +1·5300 +2"2 +26°3 247'0033 
234 F, ·350 756·956 +0·3m5 +0·3m3 +0·3014 +0·2 +26°5 247'3047 
F, G, ·366 757'322 +0·3898 +0·3894 +0·3896 +0·4 +26°9 247'6943 
G, H, ·18o 757'502 +0·0454 +0·0459 +0·04561 -0·5 +26°4 247'7399 

• 
Recapitulatio11of1·esulti11g htiyltta above mark K, (at St. Louia, Mo.) of brnch 111a1·kB between Holliday and Salina, Kana., 

with Ctm'ection .for change of i·odB 1oith te711peratu1·e. 

I 
Heights I Corrections Corrected I Bench mark. 

Distance 
frotn initial abo\·e mark · for heights above 

mark. Ka. :temperature. mark K3• 

km. m. m. m. 
A 495·904 n2·0942 -0·0003 l 12"0939 
B 498'690 n4·5845 - 3 114·5842 
c 499·093 uro255 - 3 117'0252 
D 5or317 11r5o84 - 2 ur5o82 
E 512·892 120·9470 - 3 120·9467 
F 523·781 125·6266 + l 125·6267 
G 524·547 122"9098 0 122°9098 
H 530·76o 126·5523 + 2 126·5525 
I 538·974 130·8154 + 3 130·8157 
J 543·127 131 ·7497 + 3 1317500 
K 55r320 135'1866 + 3 135·1869 
L 558·616 137'7377 + 3 l37'738o 
M 565·545 144'5685 + 6 144·5691 
N 566·153 142·9661 + 4 142·9665 
Jennings 56r402 156·8695 + 6 156·8701 
0 56r412 158·2119 + 6 158·2125 
p 584·450 152·6941 + 4 152·6945 
Q 593·431 l5r1976 + 8 15r1934 
R 6o4·585 168•1988 + 12 168·2000 
s 617'993 166·9287 + 13 166·9300 
T 626·053 175·9935 + 16 175·9951 
u 63r292 179·7777 + 20 179·7797 
v 648•960 l8o·7275 + 18 l8o7293 
w 666·936 1¢·5791 + 25 196·5816 
x 675·5o6 200·1075 + 28 2oo·no3 
y 681·5¢ 203·2579 + 28 203·26o7 
z 701·023 2II ·4162 + 32 2u·4194 
A, 702790 214·9322 + 32 214·9354 
B, 720·5251 226·7747 ·+ 35 226·7782 
C, 734·48o 232·4037 + 34 232·4071 
D, 747'219 239·7717 + 30 239.7747 
E, 748·495 239·4327 + 30 239·4357 

L!_ 756·956 24r3047 + 27 24r3074 

I 
I 757'322 ' 247'6943 + 27 247·6970 
l 757"502 ! 247'7399 + 27 24r7426 

I 

. ~1 
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DESCRIPTION OF BENCH MARKS ON THE LINE OF LEVELS BETWEEN HOLLIDAY AND SALINA, 
KANS.; ESTABLISHED BY I. WINSTON, ASSISTANT COAST AND GEODETIC SURVEY, IN 1895. 

B. M. LXIII.-Mark on stone abutment to iron railroad bridge at Holliday, Kans. Estab­
lished by I. Winston in 1891. ~ee his Description of Bench Marks, Kansas, 1891. When visited 
in 1895 it was found in good order. 

B. 1lf. A.-A square 110le was cut in the stone abutment to the iron railroad bridge ,No. 19) 
over Oedar Oreek, three-fourths of a mile east of Cedar Junction, Johnson County, Kans., for this 
bench mark. The bench mark is on the west abutment, north of the track, about the center of 
the stone forming the top, at the northeast corner. The bottom of the square bole is the bench 

u. s. 
mark. The following letters were roughly cut:n~. 

B. M. B.-A square hole was cut in the top of the stone abutment to the iron railroad bridge 
over Kill ( ') Oreek, one-fourth of a mile east of Desoto, Johnson County, Kans., for this bench 
mark. The bench mark is on the east abntment, north of the track and near the center of the 
stone forming the top of northwest corner. The bottom of the square hole is the bench mark. 

u. s. 
The following letters were roughly cut: A. 

B. M. 0.-.A. copper bolt was leaded in the brick flour mill at Desoto, Johnson County, Kans., 
for this beqch mark. The mill is a three-story brick building owned by J. M. Hadley. The bolt 
is in the west (front) wall, in the second course above the stone foundation, and in the second 
brick from northwest corner. Two lines were cut in the end of the bolt, formiug a cross at its 
centre, and the intersection of these lines is the bench mark. 

B. 111. JJ.-A square hole was cut in the top of the stone abutment to the iron railroad bridge 
(No. 29) over a creek, one-half mile east of Weaver, Douglas County, Kans., for this benc)1 mark. 
The bench mark is on the east abutment, in the middle (near west end) of the stone forming the 
top of the northwest corner of tlie abutment. The bottom of the square hole is the bench mark. 

u. s. 
The following letters were roughly cut:u~. 

B. JI{. E.-.A. square hole was cut in the top of the stone abutment to the iron railroad bridge 
over Wakarusa Creek, one-half mile west of Eudora, Douglas County, Kans., for this bench mark. 
'l'he bench mark is on the west abutment, north of the track and near the middle and east end of 
the stone forming the top of the nortl1east corner. The bottom of the square hole is the bench 

. u. s. 
mark. The following letters were rough:y c11t: •. B, 

B. 111. F.-A square hole was cut in t~1e stone doorsill to the door in the east end of the 
Atchison, Topeka and Santa Fe Railroad depot at Lawrence, Douglas County, Kans., for this 
bench mark. The bench mark is near the south end of the sill and near the front edge. The 
stone is very hard and the hole was not cut deep. The bottom of the square hole is the bench 
mark. The building is of brick with stone trimmings. 

B. M. G.-A square hole was cut in the top· of the stone retaining wall at the entranc~ of the 
mill race at Lawrence, Douglas Oounty, Kans., for this bench mark. The bench mark is cut at 
the rounded portion of the wall on the shore side of the race at its entrance. The bottom of the 

u. s. 
square hole is the bench mark. The following letters were roughly cut: n~. 

B. M. H.-A square hole was cut in the top of the stone abutment to the iron railroad bridge 
over Mud Creek, one-half mile east of Club House, Douglas Oounty, Kans., for this bench mark. 
The bench mark is on the east abutment, 11orth of the track and near the middle and west end of 
the stone forming the top of the northwest corner. The bottom of the square hole is the bench 

u. s. 
mark. The following letters were roughly cut: • 

n~. 
B. JI{. 1.-.A. square hole was cut in the top of the stone abutment to the iron railroad bridge 

over a creek, one-half mile east of Lecompton, Doug~as County, Kans., for this bench mark. The 
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bench mark is on the west abutment, north of the track and uear the middle and east end of the 
stone forming the top of the northeast corner. The bottom of the square hole is the bench mark. 

u. s. 
The following letters were roughly cut: • 

ll~I. 
B. M. J.-A square hole was cut in the top of the stone abutment to the iron railroad bridge 

(No. 47) over Coon Creek, 1 mile west of Lecompton, Douglas County, Kans., for this bench mark. 
The bench mark is on the west al.mtment, south of the track and near the middle and east end of 
the stone formiug the top of the southeast corner. The bottom of the square hole is the bench 

r. s. 
mark. The following letters were roughly cut~ • 

ll . .II. 

B. M. K.-A square hole was cut in the top of the stone abutment to the railroad bridge 
(No. 55), It miles east of Grover, Douglas County, Kans., for this bench mark. The bench mark is 
on the west abutment, south of the track and in the middle (near east eud) of tlle stone forming 
the top of the southeast corner. 'fhe bottom of the square hole is the bench mark. The following 

u. s. 
letters were roughly cut: J.ll. 

B. Jrl. L.-A square bole was cut in the top of the abutment to the iron railroad bridge over a 
creek one-half mile east of Tecumseh, Shawnee County, Kans., for this bencll mark. The bench 
mark is north of the track, on west abutment :tlJ(l near middle and east end of the stone forming 
the northeast corner of its top. The bottom of the square bole is the bench mark. The following 

u. s. 
letters were roughly cut: • 

H~r. 
B. JI. Jl.-A square hole was cut in the upper imrfuce of a stone projecting from the wall of 

the paint shop of the Atchison, 'fopeka. and Santa Fe Railway repair shops at Topeka, Kans., for 
this bench mark. The bench mark is on the south wall, near the soutlnvest corner of the building, 
in a slight recess forme<l by two offsets in the wall running up like columns from the stone 011 

which the bench mark is cut. One of these columns forms the southwest corner of the building. 
The bottom of the square hole is the bench mark. No letters were cut. 

B. JI. N.-A square hole was cut in the top of tlrn stone supporting the south entl of the iron 
railroad bridge (Atchison, Topeka and Santa Fe) over the Kansas Hiver at 'l'opeka, Kans., for 
this bench mark. The bench mark is east of the track on the south bank of the river and on the 
south side of the street which goes under the bridge. It is near the northeast corner of the stone. 

. u.~ 

The bottom of the s11nare is the bench mark. The.following letters were roughly cut: li~. 

B. Jlf. ,Jenninr1s.-A cross cut on the west e11d of the Htone forming the third step above 
the pavement at the entrance to the Columuian Building at Topeka, Kans., was used for this 
bench mark. It was established by Mr. Jennings, the Uuited State.~ Weather Service observer, 
and his barometer is referred to it. The Columbian Building is on Sixth street, between Kansas 
avenue and Jackson street. The cross is close to tlle w~ll, and the surface of the stone at the 
south e11d of the cross is the bench mark. 

B. Jl. 0.-A smooth place is dressed on the ·iace of the second stone (sandstone) above the 
pavement on the west side of the entrance to the Columbian Building, Sixth street, between Kan­
sas avenue and Jackson street, Topeka, Kans., and a V-i,;haped line is nicely cut horizontally 
across this space. The bottom 1 of the cut forming tltis line at its middle poi11t 'ms used as this 
bench mark. It is lettered as follows: ~4~B._1II. fo• 1

·
2 and was established by the owner of the 

ul>ovo tll'n ltn-cl 

buildi11g. 
B. 1l1. P.-A square hole was cut in the top of the stone window sill to the brick building, at 

Silver Lake, Shawnee County, Kans., used as the post-office, for tliis bench mark. The building 
(owned by P. IL Butler) is south of the track, 11early opposite the railroad station, on south side 
---------- ----·---- - -----------------·-· 

l v 
ll.M-
•Tbeso figures are saill to be lmMe1l on Atd.ti~o11, Topeka aud Santa. F6 Hailroiul levels. 
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of the main street and 011 the northwest corner of a block. The bench mark is about the middle 
oftbe window sill of the west window in the front (north) face of the building. The bottom of the 

u. s. 
square hole is the bench mark. The following letters were roughly cut: J.11. 

B. M. Q.-A square hole was cut in the top of the stone abutment to the iron railroad bridge 
one-fourth mile west of Rossville, Shawnee County, Kans., for this bench mark. The bench mark 
is north of the track on east abutment and about the middle of exposed portion of the stone 
supporting the end of the bridge. The bottom of the square hole is the bench mark. The 

U.S. 
following letters were roughly cut: ~r. 

B. 111. R.-Two lines forming a cross ( +) were cut on the stone coping of the foundation to 
the brick builtling used as an infirmary at St. Mary's College (Jesuit), St. Marys, Pottawatomie 
County, Kans., for this bench mark. The bench mark is on the west face of the building, on the 
third stone from southwest corner, and about under the center of the space betwee11 the second 
and third windows from southwest corner. The interseetion of the two lines forming the cross is 

u. s. 
the bench mark. The following letters were roughly cut: A. 

B. M. S.-A square hole was cut in the top of the stone· abutment to the iron railr.>ad bridge 
over Vermilion River, about 2 miles west of Belvue, Pottawatomie County, Kaus., for this 
bench mark. The bench mark is north of the track ou west abutment and about the center of 
the exposed portion of the stone :;upporting the end of the bridge. Tbe bottom of the- square 

U.S. 
bolo is the bench mark. The following letters were roughly cut: • 

)\ .. \[. 

B. JI[. T.-A square hole was cmt in the top of tho stone window sill to the two.story stone 
builtling at tho northwest corner of Lincoln avenue and 'l'hird street, Wamego, Pottawatomie 
County, Kans., for this bench mark. The building is owned l>y Hecker Bros. a11d used as a dry 
goods store. Tbe bench mark is on the sill of the show wi11dow on the left of tlie l'ntrance in the 
vestibule at the corner (Third street side). The bottom of the square hole is the, bench mark. 

u. s. 
The following lettei·s were poorly cut by a local stonecutter: c. &. • G. s. 

ll~t. 
B. Jll, U.-.A. square bole was cut in the stone window sill to the brick store at St. George, 

Pottawatomie County, Kans., owned by J. D. Robertson, for this bench mark. The l>ench mark 
is on the sill to the east window in the front (sontl1) end of the building, on the right of the door 
as you enter. The bottom of the square hole is the bench mark. The following letters were 
roughly cut: u. s. • n. M. 

B. Jf. V.-A square hole was cut in the top of the stone abutment to the iron railway (Union 
Pacific) bridge over Big Blue River at Manhattan, Kans., for this be11ch mark. The bench mark 
is 11orth of the track and on the west abutment. It is cut on the step in the abutment on which 
the end of the iron superstructure rests and is on the outer top stone. The bottom of the square 

u. s. 
hole is the bench mark. T.lle following letters were roughly cut: Jiiii. 

B. M. W.-A cross was cut on the east (front) fMe of the public school building (stone) at 
Ogden, H.iley County, Kans., for this bench mark. The bench mark is at the northeast corner 
of the building, 011 the east end of the stone forming the corner and on the fifth stone abo\'e the 
ground. Two V -shaped lines forming a cross ( +) were cut in· the stone, and the intersection of 

U.S. 
the8e lines is the bench mark. The following letters were roughly cut: J.t. 

B. 11f. X.-.A. cross was cut in the smooth surface of the water table of the railroad station 
(stone buiJding) at Fort Riley, H.iley County, Kans., for this bench mark. It is on the ea1-1t eml 
near the southeaRt corner. The building is of stone, roughly dressed, and the sloping water table 
is the only portion dressed to a smooth surface. Two V-shaped lines were cut forming a ( + ), 
and the intersection of these lines is the bench mark. The following letters were roughly cut: 
U.S.+ B. M. 
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B. M. Y.-.A. cross was cut on the east end of the railroad station, Union Pacific (stone 
building), at Junction City, Riley County, Kans., for this bench mark. The bench mark is on the 
eighth stone from the northeast corner of the building, in the first course above the brown stone 
foundation showing above the platform. It is on the right of the door to the express storeroom 
in this end of the station. Two V-shaped lines were cut in the stone, forming a+, and the inter-

u. s. 
section of these lines is the bench mark. The following letters were roughly cut: + 

11. M. 

B. M. Z.-A square hole was cut in the top of the stone abutment to the iron railroad bridge 
over Chapman Creek, one-half mile east of Chapman, Dickinson County, Kans., for this bench 
mark. The bench mark is on the west abutment, south of the track, and on the offset on which 
the end of the iron superstructure rests. The bottom of the square hole is the bench mark. The 

u. s. 
following letters were roughly cut: Jt. 

B. M. A 1.-A square hole was cut in the top of the stone step at the entrance to the County 
High School at Chapman, Dickinson County, Kans., for this bench mark. This step leads to the 
entrance at the east end of the building in the front or south side (not main entrance). The bench 
mark is on the second step above tile ground, near its west end. The bottom of the square hole 

u. s. 
is the bench mark. 1'he following letters were roughly cut: Jiit. 

B. .ilf. B 1.-A square hole was cut in the stone doorsill to the west entrance to the court-house 
at Abilene, Dickinson County, Kans., for this bench mark. The bench mark is on the uppAr 
surface and near the north end of the sill. The building is a brick structure. The bottom of the 

U.S. 
square hole is the bench mark. The following letters were cut: c. ~·~· s. 

B. M. 0 1.-A cross ( +) was cut in the face of the dressed stone water table, of the rough­
stone railway station (Union Pacific) at Solomon City, Dickimmn County, Kans., for this bench 
mark. The bench mark is cut on the west end of the building, between the two windows and.­
about the cen~er of the outer face of the foul'.th stone from the southwest corner of the building. 
The intersection of the two lines forming the cross ( +) is the bench mark. The. following letters 

I U, S. 
were roughly cut: + 

B. M. 

B. M. D 1.-A square hole was cut in the stone doorsill to the building at New Cambria, 
Saline County, Kans., used as a store and railway station (Union Pacific). The bench mark is 
near the west end of the sill to the east door in the front of the building, which is owned by 
S. P. Dowmyer. The bottom of the square hole is the bench mark. The following letters were 

u. s. 
roughly cut: Jiit. 

B. M. E 1.-.A. square hole was cut in the top of the stone pier to the iron railroad bridge 
(Union Pacific) over Smoky Hill H.iver one-half mile west of New Cambria, Saline County, Kans., 
for this bench mark. The bench mark is west of the river, north of the track, and on top of the 
small pier under the end of the wooden trestlework of the bridge. This small pier is built on top 
of a larger pier which supports the iron bridge. The bottom of the square hole is the bench 

u. s. 
mark. The following letters were roughly cut: B~. 

B. M. F 1.-Two lines forming a cross ( +) were cut in the face of the stone window sill to 
the Missouri Pacific Railway station at Salina, Saline County, Kans., for this bench mark. The 
bench mark is under the window in the west side of the bow window in front of the building, 
which is constructed of rough stone. The intersection of the two lines forming the cross is the 
~ . R& uench mark. The followmg letters were cut: c. & + G. s. 

D. Jll. 

B. M. G1.-A square hole was cut in the upper surface of the stone coping to the vestibule in 
front of the brick building at Salina, Saline County, Kans., owned and occupied by the H. T. Lee 
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Mercantile Company, for this bench mark. The bench mark is on top of the vestibule floor at the 
left side of the steps to the main entrance on Santa Fe street. The bottom of the square hole is 

. U.S. 
the bench mark. The followrng letters were cut: c. &. + G. s. 

ll. M. 

B. 11[. H1.-Two lines forming a cross ( +) were cut in the outer face of the dressed stone 
coping to the stone foundation of the brick public school building on Elm street, one block west 
of Santa Fe street, Salina, Saline County, Kans., for this bench mark. The bench mark is on 
the east wall and near the southeast corner of the building. The intersection of the two lines 

, U.S. 
forming the cross is the bench mark. The followmg letters were cut: c. &. + G. s. 

D.M. 

REFEREN0ES TO RA.ILROA.D STA.TIONS ..A.ND OROSSINGS. 

[Top of rnil In front of stations used exce11t when otherwise stated. Top of rail used nt railway crooslng•.] 

1. Wilder. 
2. Desoto. 
3, Lawrence (ground in front of station). 
4. Lecompton. 
5. Spencer. 
6. Topeka (Union Pacific Railway station). 
7. Topeka crossing of Union Pacific and Chicago, Rock Island and Pacific railways. 
8. Menoken. 
9. Silver f,ake. 

10. Kingsville. 
11. Rossville. 
1.2. St. Marys. • 
13. Belvue. 
14. Wamego. 
15. St. George. 
16. Manhattan (0 of Weather Service gauge). 
17. Manhattan. 
18. Manhattan crossing of Union Pacific and Chicago, Rock Island and Pacific railways. 
19. Ogden. 
20. Fort Riley. 
21. Junction City. 
22. Chapman. 
23. Detroit. 
24. Abilene. 
25. Abile11e crossing of Union Pacific 1wt.l Chicago, Kansas and Western railways. 
2G. New Cam btfa. 
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APPENDIX NO. 5-1897. 

RESULTS OF MAGNETIC OBSEH,V ATIONS MADE IN CONNECTION WI'l'H THE 
GREENLAND EXPEDITION OF 1896, UNDER CHARGE OF PH.OF. A. B. BURTON. 

By G. R. PUTNAM, Assistant. 

In the summer of 1896 the writer accompanied an expedition to the west coast of Greenland, 
organized by and under the direction of Prof. A. E. Burton. Among the objects contemplated 
in the plan for the scientific work of this party was the making of magnetic and pendulum 
observations, and the writer was invited to undertake this part of the work. On the 
recommendation of Gen. ,V. W. Duffield, Superintendent of the United States Coast and 
Geodetic Survey, the Ilouorable Secretary of the Treasury granted permission for the writer 
to accompany the party and to take with him the necessary instrumental outfit belonging to 
the Survey, on the condition, boweyer, that the Survey should bear no part of the expense 
of the field work. 

Thi8 party, with others, was transported to and from its tlestination by Lieut. R. E. Peary, 
U. S. N., the well-known arctic explorer, and a number of stops were made en route, both 
goiug and returning. The plan followed in the magnetic and pendulum work was to make 
observatious at all places where practicable during the voyage, as well as at the starting 
and destination points, including also one station (Ilalifax) where a necessary stop was made 
while on the way to join the expedition, the intention being to add such data as possible to 
the information in regard to the magnetic elements and the force of gravity in the region 
traversed. Such opportunities as offered for this work while en route with the general 
expedition were entirely incidental to the general plans, which were of course shaped by 
Lieutenant Peary to meet the diversified objects of the voyage and the various interests 
involved, being controlled also largely by the limited time available and the exigeucies of 
arctic voyaging. The work was, however, encouraged and facilitated by Lieutenant Peary in 
many ways, and the stops of the ship were often arranged with the convenience of this work 
in view. The observations themselves were made throughout by the writer, but in the 
preparation of the stations and in many other ways he bad the assistance of Professor Burton 
and the members of his party, which included, besides the writer, the following gentlemen: 
Prof. A. E. Burton,· Prof. G. H. Barton, and Mr. R W. Porter of the Massachusetts Institute 
of Technology, and Mr. A. M. Dodge and Mr. J. C. Phillips of Harvard University. To these 
gentlemen thanks are due for the assh•tance rendered. · 

As the starting poiut of the expedition was at Sydney, Cape Breton, and several ·transfers 
were required before reaching that point, the writer arranged to go at the same time as the 
valuable instrumental outfit and personally see to its safe handling. Sailing from Boston on 
July 4, 1896, Halifax, Nova Scotia, was reached on July G. While waiting for steamer here 
magnetic observations were made at the secular variation station at the dock yard, permission 
being courteously granted by the British officers in charge. Reaching Sydney on July 10, 
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magnetic observations were made on July 11 and 13. By the 15th all the parties were 
embarked on the steamer Rope, a stanch Newfoundland sealing ship under command of 
Capt. ,John Bartlett. The various incidents of the voyage need not be detailed here. The 
accompanying outline map (plate No. 1) shows the course followed and the points at which magnetic 
observations were made. On August 5 the destination of Professor Burton's party, Umanak, 
in Danish Gremland, was reached, and here the party was left by the Hope, which proceeded 
north to carry out the other plans of Lieutenant Peary. At Umanak, because of the longer 
stay, a more complete series of observations was made. As the facilities available were not 
convenient for transporting the instrumental outfit in addit.iou to the other necessary camp 
equipment, the magnetic observations were confined to the stations in and near the village of 
Umanak, and were not included in the plan of work on the several expeditions that were 
made to the heads of the fiords and the glaciers to carry out other investigations, one of 
which the writer accompauied. At Umanak mauy facilities for the proseeution of the work 
were afforded. by l\:lr. Hjalmar Kunhtsen, the governor of the Danish dh;trict of Umanak, a vaca11t 
house being placed at the disposal of the party for living purposes and storage of instruments. 
At Godhavn, also, the Dauish officials were most courteous. Ou September !:I tlie party was 
again taken on board the Hope on the return voyage, 'vhich terminated at Sydney on September 
2G, 1896. 

DESCRIPTION A.ND GEOGR.APIIIC.AL POSITION OF S'l'ATIONS. 

_ Halifax, Nova Scotia (lat. 440 39'·5 N., long. 630 35' W.).-The former magnetic station near 
south end of the naval dock yard was reocenpied as near as it could be identitiecl. The magnet­
ometer was about 26 metres son th of the building known as "Officers' Quarten;," 22 metres from 
sea wall, a11d 34 metres from south eud of ;yard. 

Sydney, Cape Breton, Sova Scotia, .~tation of 1896 (lat. 460 08'·5 N., long. 600 11'·8 \V,).-Sta­
tion was in open lot belongiug- to Sydney Ilotel aud between it and post-office, being 20 metres from 
southeast corner of hotel, 54 metres from south coruer of post-office, and rn metres from Dor­
chester street. 

Sydney, Cape Breton, Nova Sootia, station of 1881 (lat. 460 08'·6 N., long. 60° 11'·7 '\V,; about 
188 metres north and 43 metres east of preceding).-This station was occupied by Lieut. S. '\V. 
Very, U.S. N., in 1881, and the wooden post left by him was found. It is in the rear of the Eng­
lish Church, 16 metres southeast from Nepean street, a11d 38 metres northeast from the cemetery 
fence. Observations were made at tliis point on September 2{), on the return from the north. 

Turnavik, Labrador (lat. 550 14'·6 N., long. 5go 20'·3 '\V.).-Observations were made at the 
identical point occupied by Uentenaut Very in 1881, on West Turnavik Island, in the midst of the 
small fishing settlement uuder charge of William Bartlett. The station is marked by a deep drill 
liole in the bare rock, about halfway between Bartlett's bom~e and the house in w1iich bis men live. 

Ashe Inlet, Big Island, north sho1·e of Hudson Strait (lat. 620 :32'·8 N., long. 70° 35'·3 \V.).­
l\:lctgnetic station was on east side of inlet, and about 23 metres west and 5 metres north of house 
occupied about ten years ago as a meteorological station by one of tlie Hudson Bay Expeditions. 
Station was marked by drill hole about 2 centimetres in diameter in the rock (gneiss). 

Godhavn, Disco Island, Greenland (lat. 690 14'·1 N., long. 530 31'·2 W.).-l\:lagnetometer was 
located between the inspectors and the governor's houses, on slope of rocky ledge. It was not 
more than 50 metres distant from the flagstaffs and garden referred to as the site of former obser­
vations. Position \\'as marked by a hole 2 centimetres in diameter drilled in the rock (gneiss). 

Watson's Bay, Godhaiin Harbor, Greenland (lat. 6!:1'.) 14'·6 N., long. 53° 31'·7 W.).-This station 
was located across the harbor from Godhavn, possibly in the vicinity of the Discovery's station of 
1875. It was on a slight promontory on west side of Watson's Bay as shown on Admiralty plan 
No. 2382. Position ma.rked by hole 2 centimetres in diameter drilled in gneiss rock. 

Umanak, Greenland (lat. 70 40'·5 N., long. 520 08'·4 W.).-Station was located at Umanak 
village in the open space, 27 metres south of the church and 32 metres east of the i1ew residence 
of tlie pastor. Position markeu by a hole 2 centimetres in diameter drilleu in outcropping ledge of 
gneiss rock. The north and south meridian stations at Urnanak were 011 the cliffs in the meridian 
of the meridian telescope, 194 metres and 10.3 metres, respectvelr, north and south of the principal 
magnetic station, and were each similarly marked hy drill hole::; in the rock. 
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Niantilik, Ournberland Sound (lat. 640 53'·5 N., long. 66° 19'·5 W.).-This station was located 
on southwest side of Oumberland Sound on a small island lying just west of the anchorage known 
as Niantilik or Winter Harbor, and about 5 miles south of the whaling station and Eskimo settle­
ment at Umanaktuak or BlackJead. The magnetometer was located on a low rocky point project­
ing from near the center of the southeast side of the island, and nearly south of the little sailors' 
cemetery, by which the island may be identified. Station was marked by hole 2 centimetres in 
diameter drilled in gneiss rock. 

The astronomical positions as given for the stations are derived from various sources. The 
latitude at Umanak was determined directly by observations with the meridian telescope on four 
pairs of stars on two nights, the resulting value being 70° 40' 29"·2 ::!:: 0"·3. This would give for 
the position of the magnetometer 70° 40' 28"·8, and for the principal flagstaff near the governor's 
house 70° 40' 27"·6. The latitude at Niantilik is derived by comparing morning and afternoon 
sun observations for azimuth, and checked by a rough sun observation at noon. The remaining 
latitudes are from earlier observations and charts. The longitudes of all the intermediate stations 
have been computed from the three chronometers, Nos.1823, 1842, and 177, which were carried on 
the expedition, and are based on Sydney, Oape Breton, as a starting point and Washington, D. C., 
as an ending point. The stationary rates were determined at Sydney, Umanak, and Washington, 
and the traveling rates computed for the balance of the time. The results can not be considered 
as very reliable, for several reasons: The longitude of Sydney is uncertain probably by a second 
of time, and the chronometers were subjected to a considerable variety of temperature ,and other 
c:onditions, including a long railroad journey from Sydney to Washington before they were last 
rated. Nevertheless, the results by the three chronometers are fairly accordant and agree well 
with previous values except for the two Greenland stations. The following table (1) gives the 
results by the three chronometers and a comparison with previous values. Because of its unsat­
isfactory performance only one-third the weight is given to the results by chronometer 177. It 
"\';"ill be noted that the discordancies at the two Greenland stations between different authorities 
is considerable. At these two the values determined in 1896 have been adopted, while at the 
other points the means of' the present and earlier results have been used. 

TABLE 1.-Smnmary of results for long-itude 'and compari.~on with previous values. 

Statiou Reference 
point. 

l,onbrilude.:st o~-~--r~enwich. -I -[--11 
Chrono1netcr. 1 Previous vnluesll 

1823 ···-· ~~4;··---·-· -,7_7 _____ Weigl;t;;-I of longitude.*' ; 

I _____ -
I 
I 

---·-------- ---·-·- -
Weight 3. Weight 3 Weight 1. menu. .

1 

___ --i--i 
Turnavik, Labrador. 

Ashe Inlet, Hudson 
Strait. 

Godhavn, Greenland. 

Umanak, Greenland. 

Niantilik, Cumberland 
Sound. 

Magnetic ;· ;~ 2~··2 ;· ;~· 2~:6 ;· ;~ 2J:5 ;· ;~ 2:·.3 ;· ;~ 2~:4 I (1) Ii 

statioi1 I I 
Meridian 'J 4 42 22·5 4 42 24·0 4 42 26·3 4 42 23·7 4 42 18·6 (2) I 

telescope 

M~~i~;llC }3 34 04·8 3 34 05·2 3 34 03·0 3 34 04'7 u ~~ ~~:g 1~ I 
Meridian } {3 27 55·8 5 

3 28 34·0 3 28 32·8 3 28 33·2 3 28 33·4 3 29 00'0 6 telescope 
Magnetic 4 25 17"6 4 25 22·2 4 25 13·3 4 25 19'0 4 25 IT6 (7 I 

station 
Magnetic 4 oo 28·8 4 oo 42·1 4 oo 46·9 (8) [; 

station, 
1881 : ___________ \ \_S-yd_n_e._y_._C_a_p_e_B_r_e_to_n_._t _____ _,_ ___ 00_4_2·_s_•_4_ =~-·8 __ \ 4 ______ __;__ 

•References for the previous values given: Noe. 1, 2, 4, and 6, from British ohurts and plane; No. 3, Bowditch, rraotioal Navlgutorr 
No. 5, Meddelelaer om Gron land, fourth part; No. 7, Dr. Franz lloae' map: No. 8, Hydrograph!o Office ohart. 

I Sydney le lnoluded here only ae a ohook, These longitudes are baaed on Sydney ns a starting point and Washington ae an ending 
point. 

Instruments.--The instrumental outfit was as follows: Magnetometer No. 19 (one of the 
inst1;uments described and illustrated in Appendix No. 8, Heport for 1894), Dip Circle No. 4655 
(Kew pattern, with horizontal support for needle, thus being suitable for work in high latitudes), 

6584-19 
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chronometers 1823 (sidereal) and 1842 and 177 (mean time), Meridian Telescope No.13 (for latitude 
and time observations in connection with pendulum work), and a pocket alt-azimuth and compass 
instrument. There was also a tent suitable for either astronomical or magnetic observations, but 
it was usually necessary to carry on tile latter in the open air, either on account of lack of time 
to set up the tent, or because it was needed for the other work. The constants of magnetometer 
No. 19 (and magnet 19L) as determined by the writer at Washington in December, 1893, were as 
follows (in 0. G. S. units): 

Scale value, 1division=2'·00. 
Corrected distances on deflecting bars, 35•020 cm. and 49·020 cm. 
Temperature coefficient for 1 o O., q = 0·00049. 
Induction coefficient, h = 0·0125. 
Distribution coefficient, P = - 4·55. 
Moment of inertia at 100.5 O., M = 178·38. 

The value of the coefficient P was computed also from the observations on this expedition, 
giving a result - 3•80. The mean of this and the former value was adopted, or P = - 4·18. 

In some of the observations at Ashe Inlet, Godhavn, and Umanak, the south end of magnet 
i9 L was weighted with a small copper balancing ring, whose weight was 0·349 grammes, outer 
radius 14·0 mm., inner radius 12·0 mm., length 0·9 mm. At .Ashe Inlet and Godhavn the distance 
from center of ring to center of magnet was 20 mm., and at Umanak 22·5 mm. For the first 
distance the moment of inertia was computed to be 1·693, and for the second 2·064. In this new 
form of magnetometer the suspending fibre is attached to a rod extending above the stirrup in 
which the magnet is hung. This places the point of suspension so high above the center of 
gravity of the magnet that the effect of dip to tilt the magnet out of the horizontal is practically 
overcome in ordinary latitudes. The balancing ring was employed to test this question in high 
latitudes, the endeavor being to so place the ring as to make the magnet more nearly horizontal. 
A comparison of results for the horizontal component of the earth's magnetic force (H) from 
observations on the 8ame day, made with and without the balancing ring, indicates that the error 
due to lack of horizontality is at ~east very small. 

Results for II (in dynes.) 
With ring. Without nug. 

Godhavn, Aug. 3 .................. o·o819 o·o819 
Umanak, Aug. 14 ................. 0·0783 0·0782 
Umanak, Aug. 15 ................. 0·0783 0·0782 
Umanak, Aug. 18 ................. 0·0791 0·0792 

Methods of observation and computation.-In the magnetic observations the system generally 
employed in the field work of the Coast and Geodetic Survey 1 with portable instruments was 
carried out so far as circumstances and available time would permit. One, two, or three days' 
observations were made. Where practicable both the elongations were obtained for declination, 
the dip was determined by two needles, the horizontal force by several sets of oscillll'tion and 
deflection observations made near together, and the true meridian by sun observations near the 
prime vertical in both morning and afternoon. · In many cases, however, this plan had to be 
modified by reason of lack of time or unfavorable weather, and in such event the attempt was 
made to get as even a distribution of data. as possible under the circumstances. At Umanak tbe 
true azimuth was derived from a meridian line laid out with the meridian telescope. At Turnavik, 
Ashe Inlet, and Niantilik (second observation), only oscillation observations were made to 
determine the horizontal force. These were treated relatively, comparing the time of oscillatiou 
with that at both the preceding and following stations at which full sets were obtained, and 
allowing for the progressive change in the magnetic moment of the magnet. The rates of the 
chronometers for reducing the oscillation observations were obtained from star observations with 
the meridian telescope at Sydney and Umanak, and for the remaining stations are derived from 
the intermediate traveling rates of the chronometers. 

1 See "Directions for measurement of terrestrial magnetism," by C. A. Schott, Appendix No. 8, Report United 
States Coe.st and Geodetic Survey for 1881. For examples of late practice in reduction of magnetic observations, 
see A.pp. No. 8, Report for 1890, pp. 210, 218, 230, and 231. 
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Results.-The results of the magnetic observations for the different elements separately and for 
each day of observation are given in Tables 2, 3, and 4, and a general summary of all the results is 
given in Table 5. In Table 2, when the extreme declinations observed were assumed to be the elon­
gations for the day, they are indicated by an asterisk(•), and in such cases the mean of the two 
elongations is taken as the mean declination for the day. When because of lack of time it was 
impossible to obtain these elongations, the declinations have been reduced to the mean of the day 
from such comparative data as were available, the references being given in the footnote. Where 
the declination observations were made, more or less continuously, covering any considerable part 
of the day, the average declination for this interval is given in the table, this average being 
obtained gr~phically by plotting the observed' values. For five days, on each of which the readings 
covered an interval of about twelve hours, the results are shown in the diagram (pl. 2), plotted to 
the same scale for the different places. The diagram for Niantilik on September 18 indicates a 
considerable magnetic disturbance on that date, as was also very apparent when the observations 
were in progress, for the needle would frequently move out of range of the telescope, necessitating 
the changing of the azimuth circle. There was a change of over 3° in twenty minutes; at 7h 35rn 
a. m. the needle pointed ooo 35' W. of N., while at 7h 55m it pointed 630 50' W. of N., and the total 
range for the day was over 4~0. Such disturbances, however, are not unprecedented in arctic 
experience.• The last column in Table 2 gives the diurnal range for the days on which elonga­
tions were obtained. These ranges can not be considered as average values for the respective 
localities, being possibly affected by abnormal conditions on these particular days, as is evident 
in the case of Niantilik. At Umanak, Godhavn, and Sydney declination observations were made 
at two or three neighboring points. At Sydney the difference obtained was insignificant, for 
dip as well as for declination. At Umanak t the westerly declination increases about half a degree 
in going from 100 to 200 metres either north or south from the magnetic station. Near Godhavn 
the declination is slightly greater across the harbor at Watsons Bay than in the village, though 
the difference is not so great as was indicated by the English observations in 1875, which may 
have been made in somewhat different localities. • 

*In The Manual of Natural History, Geology, and Physics of Greenland (London, 1875) it is stated that 
·McClintock observed a change of 15°, and Sir Edward Belcher noted a disturbance of 27°·6 a.ccompanyiug an aurora. 

t A considerable number of compass obsen·ations of declination were made about Umanak Fiord by Danish 
officers (ABBistant Steenstrup and Lieutenant Hammer) in 1878and1879. The following passages translated from Med­
deleltier om Gronl!md, fourth part., page 177 l Copenhagen, 1883), give some instances of the irregularity of the deoliuu­
tion noted by them in this region: "It Is a familiar .saying that the magnet neoclle on these shores is nearly dead, 
and that the magnetic declination, especially in trap-rock regions, is so variable that for geographical measurements 
it is necessary to determine it for every bearing, for it changes with every setting up of the compass. Thus a small 
movemo11t, only some few feet, effected on the Shades Islands a change of 5° in the measured declination; indeed, o.t 
Igdlorsuit, upon Ubekjendt Island, a movement from the houses up to the top of the mountain, about 1 500 feet high, 
lying about 2 000 feet away, was sufficicut to change t11e declination from 74°·0 to 34°·9. • • • In gneiss 
regions the local effect is not near so strong, but while the tro.p generally cu.uses greater declinations than one would 
expect from the geographical position, gneiss, on the contrary, not unusually appears to give less declinations." It 
is further remarked that normal conditions can often be found only upon the ice. 
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TABLE 2.-Summary of results of magnetic declination ob81m.,ations. 

Easterly extreme. Westerly extreme / Average declination: during time of 
1

1 ~ fJ-+:-
1 

· ; observation. B 5 g Diuniai 

Station. 
Date 

(civil), 
18<)6. 

\---------!-----~---; g 0~ Adopted ra.nge 
• ... +-' c:::i mean 1n , 

De!'lina- II Interval included, local Aver- '\l v:=: declination. declina-1 Locnl Declina-
mean tinte. tion. 

I.ocnl 
meantime. lion. menu time. age decli- t: g k: lion. ' 

nation. 8 "'"' ! 

_____ , ___ -----· ----1-----1----- -·---------·----./--- ----- ----
0 I 0 I 

20 38'6 w. 0 o6'1 
ll. tfl. It. m. 0 

1. Halifax 
lz, 111. 0 I /t, nt. 0 I 

July6-7 7 31A.M.•20 35·5w.12 46P.M.•20 41·6W. 

2. Sydney 
{sta.1896) 11 7 40 

13 8 44 

.. \'024 41'4 

.. •24 49·8 
l 25 

2 00 

" *25 01·~ 
~ *25 OI'J 

24 51·4 0 19·9 I 
~~~1 

Mean 
3. Turna­

vik July 20 8 53 A. !If. 38 17'2 
4. A.she In­

let 

5. Godhavn 
6. Watsons 

Bay 
7. Umanak 

8. Umanak 

u 26 j IO 2,3 H •52 

Aug. 3 I 3 l 7 " \ 63 

:: 1~ 17 15A.M.("64 

u 15 i 7 30 " )*63 

". 18 111 05 
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S. mer. Aug. 2r 

1 
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I 
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8 05 .. 

63 12'2 

64 26•8 

64 19·8 

64 04•3 

I 
53 35•0 

- 1·9 62 41'6 

- 5•3 63 o6'9 

64 27'9 
64 15'4 

63 52'5 

5 30 P. M. 65 07'5 -22'5 64 4yo 

6 00 .. 

2 oo P. M. to 6 30 " 

65 o6·o 

63 34·4 

-28'0 64 38·0 

-20'6 63 13'8 

2 11 ·3 

0 42'6 

0 57'5 

I t t>'7 

0 57'6 

5. Goflbavn Sept. 1l 12 07 P. M. 63 14·0 6 20 P. M. 63 52·5 

i 10. Nionti- I 
/ lik • " 18 1 7 35A.M."6o 35·3 111 40J\.M.,"65 09·4 5 35A.M.to 3 40 " 62 54·9 j 62 52·4 4 34·1 1 

I. lt. Sydney I I I I / 
(stn. 1881) " :26 I 1

1 
I ' 4 25 " 24 56·7 - l'4 "4 55'3 

l~-----'-l ___ -',i ____ c_ ________ 1 __________________ _...:c_._J_ - _______ ! 
*The e1treme declinations marked thus were assumed t'rom their rolatien to tho other ob•ervml values to be tho eastern Illul western 

elnngations, rospoctivoly, for the day. 'Where these elongations were obtained, their mean is taken as tho moan dncllnntlon for tho dny 
without further correctio11. 

t The corrcctio11s to red nee to mean declination wore dorivocl 116 follows: Turnavik, July 20, from table of correotlons for Toronto (Coast 
and Geodetic SurYey Report, 1881, App. 8), nllowlng for di1lereuco in H; Godhavn nn1l Weswrn Bny, August 3, by r.ompari•on with three 
days' observations at Umana\:; Umnne.k, south and north meridian, .August 21, b~ direct comparison with i>rinclpnl magnetic etntlon, 
Umnuak; Godhavn, September 11. by com)lnrison with three dnye' observations nt Umannk; Sydney, Septemuor26, from tableofcorroct.ions 
for '.l'oronto. 

TABLE 3.-Smnmary of results of magnetic dip observations. 

Station. 

alifax r. H 
2. Sy dney (station 1896) 

" 

" 
3· 'ru rnavik 
4. As he Inlet 
5. G 
7. u 

odhavn 
manak 
" 
" 

" 
odhavn 
iantilik 

I 5. G 

I ~~: ~ 
~ 

dney (station i881) 

---· 

! ! 

J Date, 1896. 
I 

I 1--
i 
/July 6 
. " II I 

" 13 

Means 

J~ly 20 
26 

Aug. 3 
" 14 
" 15 
" 18 

Means 

Sept. II 

" 18 
" 26 

-
! . 

Magnetic dip. 

Epoch local i 
11Jean time. 

\ I 
:Mean of two Needle No. 1, Needle No. 2. needles. 

------1- 1-··-· 
Ii. 11i. 0 I 0 I I 0 I 

5 36 P.M. 73 53·2 N. 73 54·9 N. ! 73 54·0 N. 
II 50 A.M. 74 40·8 74 40·0 74 40·4 
II 16 A.M. 74 37'2 74 36·4 I 74 36'8 

--------------
74 39·0 74 38·2 74 38•6 

II 19 A._M. 79 32·9 79 28·8 79 30·8 
!2 09 P.M. 83 54·0 83 59·6 83 56•8 
5 14 A.M. Sl 47'2 SI 46·5 S1 46•S 
6 54 P.M. 82 03·2 82 01·7 S2 02•4 

II 16 A.M. S2 04·0 82 oo·5 82 02'2 
9 26 A.M. 81 55·6 81 55·9 81 55·8 

---------------------
82 00·9 81 59'4 82 OO'I 

4 34 P.M. SJ 40·2 81 41·0 Sr 40·6 
IO 42 A.M. 83 55·0 83 54·5 83 54·8 
4 52 P.M. 74 35·S 74 38·2 74 37'0 

I Differences 
No. 1-No. 2. 

f 

-1·7 
+o·s 
+o·8 

+4·1 
-5·6 
+0·7 
+1·5 
+n 
-0·3 

-o·S 
+0·5 
- 2·4 I 

I 
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TA.TILE 4.-Summary of results of horizontal force observations. 

I Horizontal Magnetic 
Station. Date, 1896. Epoch. (l,ocnl magnetic moment of 

mean time.) force H. magnet 19 •. 
mat 16°7 c.• 

"· m. dy11e. 

I. Halifax J~ly 6 4 24 P.M. 0·1631 418·5 

" 6 4 30 " 0·1633 4I8'I 

I 
------ ---·---

" means 0·1632 418·3 

2. Sydney " II IO 25 A.M. 0·1548 416·3 

" " II IO 32 " 0·1546 416·5 
" " 13 9 48 " 0·1548 4I6°6 

" " 13 IO o8 " O.I548 416·4 
------------

" means 0·1547 416·4 

3. Turnavik " 20 IO 44 " 0·1074 
" " 20 II 48 " 0·1074 

------
" means 0·1074 

4. Ashe Inlett " 26 II 24 " t o·o637 
5. Godhavn Aug. 3 2 58· " t o·o819 413·6 

" " 3 3 21 " o·o819 413·7 
------------

" means o·o819 4I3'6 

7. Umanak " I4 10 32 " 0·0782 413·1 

" " I4 I I I8 " to·o783 412·3 

" " 15 9 I7 " t 0·0783 411·7 
" " 15 

I 
9 32 " 0·0779 710·0 

" " 15 IO 14 " 0·0785 411·9 
" " 18 6 35 P .• ~1. 0·0793 410·5 
" " 18 I 7 13 to·o791 411·5 

" " 18 7 26 " 0·0790 4Il'I 
I ------------

" means 0·0786 4u·5 

5. Godhavn S~pt. II 3 15 " o·o825 412·6 
IO. Niantilik 18 6 47 A.M. o·o653 410·1 

" " I8 2 57 P.M. 0·0668 

_J " 
-----, 

n1ea11s . 
o·o66o I 

i 
•The magnetic moment of this magnet, as determined in December, 1893, soon after the completion of the Instrument and before !ta 

use In the field, wns 491 ·8 at 16°·7 C. 
f Only n portion of" sot of o•olllat!on• was obtained at this station. 
: In the observation• marked thus the south end of the magnet waR weighted with n small balnnoing ring. 

TABLE 5.-Summary of results of magnetic observations. 

I 
I I No. 

Langi- of 
/Diurnal Hori-days Total 

I Station. Latitude tudewest ob- Date, 1896. Declination . range. Dip9 zontal force north. of Green- ·.Ill dcch- force 

I 
wich. ser- /nation. H F 

va-
lions. 

' 
- ... ··----1·- - --•- --·- ··-

0 ' 0 ' 0 ' 0 ' 0 ' tfy11e. dyne. 

9 Umanak, Greenland, north n1e- 70 40·6 52 oS·4 I Aug. 21 64 38'0 w. 
rldian I 

8· Umnnnk, Greenland 70 40·5 52 oS·4 3 " 14, 15, 18 64 ll'9 0 57'6 82 00.I N. 

I 
0·0786 0·5649 

7 ! U111anak 1 Greenland, south n1e- 70 40·4 5• oS·4 [ " >I 64 45·0 
I ridinn. 

69 14·6 53 31"7 I " 63 00·9 I I 6 
1 

Watsons Dny, Greenland 3 
5 1 Godhnvn, Greenland 69 14·1 53 31 "2 • Aug. 3, Sept. 11 6• 57"7 ·, 81 437 o·oS22 0·5714 

10 r Ninntilik, Curnberland Sound 64 53•5 66 19•5 [ Sept. 18 62 5>'4 4 34·1 83 54·8 o·o66o 0·6•24 
4 I Ashe Inlet, Hudson Strait 62 3>"8 70 35·3 ' I July >6 53 35·0 • 11.3 83 56·8 o·o637 0·0040 
3 ! 1.'nrna\~ik, Labrador 55 14·6 ! 59 ~:~ i I " >o 3S >6·4 79 30°8 0'!074 0·5901 
ll i Sydney. Cape Breton, station 1881 46 o8"6 6o I Sept. >6 24 55·3 : 74 37"0 

I • j Sydney, Cape Breton, station 1896 46 oa·5 6o II"8 . 2 July II, 13 24 53"4 0 12·4 i 74 38·6 0·1547 0.584• 
• I 

35·0 : " o6·1 I 

I 0°1632 0.5885 1 . Halifax, Nova Scotin j 44 39•5 63 I 6, 7 20 38"6 0 73 54·0 
I l 
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In Table 6 is given a collection of former magnetic observations made at or in the vicinity of 
these stations. For many of t11ese points. it is probable that this data is quite incomplete, for 
results of this nature are publif;hed in a wide range of local literature often difficult of access. 
With the exception of Halifax 1 the observations are scarcely complete enough nor do they cover 
a sufficiently long interval of time to give satisfactory analytical expressions for the secular varia­
tion of the declination and dip. For most of the stations, however, the data are sufficient to clearly 
indicate the present tendency in the change of the magnetic elements. It appears that at all the 
points (omitting Niantilik, for which no earlier information was found) the westerly declination is 
diminishing, the northerly dip is diminishing, the horizontal force is increasing, and the total 
force is decreasing. 

TABLE 6.-:0ollection of magnetic observations at or near stations occupied in 1896. 

Dec!ina-No. Date. tion. 

0 I 

I 1823-24 70 50W. 
2 1878 67'9 

~ ....... :'" 64 12 

0 I 
I 

I 1824•5 70 24 w.! 
2 1&36·5 

3 1848•5 

4 1850·5 

5 1851·5 
6 1852·5 70 47 
7 ; 1853•5 
8 1858·5 73 28 

9 1861, Aug. 31, 
Sept. 7 

to 1875, July <J-13 67 13 
lI 2875, July 8-12 68 20 

12 1876, Sept. 27 68 20 

. 
13 1884, July 8 65 35 

14 1896, Aug. 3, 62 sB 
Sept. 3 

15 1896, Aug.3 63 07 

UMANAK, GREENLAND, LAT. 70° 4o' N., LONG. 52° o8' W. 

Dip. Horizon· Total Observer. tal force. force. 

0 I dyne. dyne. 
Graah 
Steenstrup and 

Hammer 

82 oo N. 0·0786 o•S(i49 Putnam 

I 

!-
Remarks and references. 

Meddelelser om Gronland, fourth part, p. 282. 

Meddelelser om Gronland, fourth part, 
Steenstrup and Hammer give several o 

p. 252. 
ther ol>­
nity, as 
k on ice, 
68"·6W.; 
observa­

servations of declination in this vici 
follows: 1879, ~ mite north of Umana 
70°·2 W.; 1878, Umanak, LHtle Lookout, 
1879, Umannk, Little Lookout (mean 2 
lions) ,67°'8 W.; 1879, Umnnak, on ice ( mean 3 
observations). 69°·3 W. 

GODHAVN, GREENLAND, LAT. 69° 14' N., LONG. 53° 31' W. 

0 I dyrze. dyrze. 
82 54 N. Parry 
82 23 James Ross 
82 24 Ros.~ and Robin-

At Whale-fish Islands, lat. 68° 59' N., long. 530 18' 
son 

82 Allen 
w. Phil. Trans. Royal Society, vol. 90, p. 414. 

12 . 
o·s002 Ommanney 

82 IO Belcher 
Bz 48 0•5634 Delio! Phil. Trans., vol. 90, p. 414. 

Mcclintock At Whale-fish Islands. Phil. Trans., vol.90, p. 414. 
81 51 o·o812 0·5731 ·Radcliff Station in garden, rear of inspector's house, 

Haye's Polar Expedition, Smith's Conttib., 
Vol. XV, p. 105. 

81 48 o·o832 0·5789 Alert Near flagstaff. 
81 52 o·o816 0·5740 Discovery Opposite side of harbor to flagstaff. Arctic Exp. 

Discovery of 1875-76; Pr!"=. Royal Society, Vol. XXIX, 

p. 29 .. (Remark on p. 29: " 'rhe values of the 
declination and inclination observed at vari-
OU$ stations round the harbor of Godhavn 

showed considerable differences, e,•ldently 
caused by local magnetic disturbance.") 

Lebree Greely Relief Expedition, Naval Prof. Papers 

No. 19, p. 94. 
81 44 o·o822 0·5714 Putnam N~d"''"'"'"' ""''"· _J 

I Opposite side of harbor at Watsons Day. Putnam 

1 Mr. Schott ha.e derived the following expression for the change of the magnetio declination at .Halifax: D = 
+ 16°·18 + 4c;.53 sin (1•0 m + 46°·1), where Dis the declination at a desired time t expressed in years and fractions 
of a year(+ for westerly declination), and m = t -1850·0. (Report United States Coast and Geodetic Survey for 
1888, npp. No. 7, p. 224.) For 1896-97 this formula gives D = 20° 42' W., chfferilig only 3' from the observed value. 
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TABLE 6.-Gollection of magnetic observations at or near stations occupied in 1896-Continued. 

f Date. 

1884, Aug.2 

! 
I 1888 

L: 18<)6, July 26 

[ 1881, July 2S-29 

18<)6, July 20 

1 I 18.j8•5 
2 1862·5 

3 1881, Oct. :21, 22 

4 18<)6, July 11, 13 

5 18<)6, Sept. 26 

l:G-'"' o about 

3 1700 

! 
4 1750 

5 1756 
6 1775 

7 1798 
8 1818 (?) 

9 1821 June-Nov. 
10 1833 
11 I 1834, May 27 
12 [ 1837, June 7 
13 1838•5 
14 1847'5 
15 185:>-53 
16 1852-53 
17 186o, July 22 
18 1866, April 

19 1873, May 13-16 
I 

20 t879, Sept. S-10 
21 1881,Nov. 2 

22 18<)6, July 6, 7 

I 

NIANTILIK, CUMBERLAND SOUND, LAT. 64° 54' N., LONG. 660 20' W. 

[No record found of previous observations.] 

ASHE INLET, HUDSON STRAIT, LAT. 62° 33' N., LONG. 70° 35' W. 

Decllna-

I 
lion. 

0 ' 

55 30W. 

53 35 

0 ' 
40 23 w 

38 26 

0 ' 
23 41W. 

25 12 

24 53 
24 55 

0 ' I 
16U w. 
14 

Dip. tal force. force. 
Horizon-1 Total Observer. 

0 ' 
s.i 16 N. 

dyne. dyne. 
I Gordon 

83 57 o·o637 0·0040 Putnam 

I 
I 

-
I 

Retnnrks nnd references. 

Report of Second Hudsons Bay Expeditio 
1885, p. 78. 

British Admiralty Chart No. 1221. 

--· 

j 
J 

TURNAVIK, LABRADOR, LAT. 55° 15' N., LONG. 59° 20' W. 

0 ' dyne. dyru. I 
79 56 N. 0·1034 0·5916 Very. Report United States Coast and Geodetic Surve 

0·5901 [ Putnam. 
1881, p. 19:z. 

79 31 0·1074 I J 
SYDNEY, CAPE BRETON, LAT. 46° 09' N., LONG. 00° 12' W. 

0 ' dyne. dyne. 
Keely. Position given lat. 460 17', long. ooo 23'} Phil. tra 

76 03 N. ShadweU. Position given lat. 46° 16', long. ooo o8' V. 90, p. 3 8.j. 
ns. 

75 10 0·1515 0·5911! Very. Report United States Coast and Geodetic Surve y, 

74 39 0·1547 0·5842 Putnam. 1881, p, 192. 

74 37 Putnntn, At Very's station of 1881. 

HALIFAX, NOVA SCOTIA, LAT. 44° 40' N., LONG. 63° 35' W. 

I Champlain. I All of the values for Halifax, excepting the last 

I 
0 ' dyne. dyne. 

I I one, are taken from two papers by Assistant 

{ 13 I C. A. Schott, Report Coast and Geodetic Survey 

I I 
12~ for 1888, App. No. 7, p. 191, and Report Coast and 
12 Geodetic Survey for 1885, App. No. 6, p. 226. 
12 50 

I 
The individual references are there given. 

13 35 
16 30 
17 28 

17 36 

I 17 30 

75 {Howe. 33 N.} 
74 58 . 0·1485 o·5966 I Howe. 

I 74 45 Estcourt. 

75 37 0·0026 Keely. 

18 10 

18 51 Bayfield. 

19 55 Hill. 

21 o6 Orlt"bar. 
21 35 74 48 0·1561 0·5954 Maclear and I 

Bromley. 
! 

' 
20 43 74 39 0·1592 0·6o12 Baylor. i 

74 29 0·1595 0·5¢2 Very. I 
20 39 73 54 0·1632 0·5885 Putnam. J 
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APPENDIX NO. 5-1897. 

RESULTS OF PENDULUM OBSERVATIONS MADE IN 1895 AND 1896. 

By G. R. PUTNAM, Assistant. 

In this report will be brought together the results of a number of determinations of the force 
of gravity made at scattered points a.nd at various times during the years 1895 and 1896. No 
systematic investigations in this line have been carried out by the Ooast a.nd Geodetic Survey 
since the series described in Appendix No. r, Report for 1894. The determinations covered by 
the present report were for the most part made in connection with and incidental to other work 
of the Survey, and the location of the stations was consequently entirely dependent on such other 
operations. Thus of the fourteen stations (besides Washington) pendulum observations at ten were 
made in connection with telegraphic longitude determinations, nine of these points being located 
'ill the southern part of the United States, and one in the extreme northeastern part. Four of the 
gravity determinations were made in connection with the Greenland expedition of 1896, under 
charge of Prof. A. E. Burton. With the permission of the honorable Secretary of the Treasury, 
and of the Superintendent of the Ooast and Geodetic Survey, the writer accompanied this expedition 
on the invitation of Professor Burton, by whom he was requested to undertake the magnetic 
and pendulum observa.tions contemplated in its plan. The circumstances of the expedition a.re 
reforred to in the separate report on the magnetic work.1 Several of the stops of the ship, which 
gave sufficient time for the magnetic observations, were not long enough to allow of setting up the 
pendulum apparatus and the meridian telescope. Complete pendulum and time observations were 
obtained at two points, Sydney, Cape Breton, and Umanak, Greenland. At two other stations, 
Ashe Inlet and Niantilik, the pendulum observations themselves were sufficient, but the time 
determinations failed because of unfavorable weather, so that only an approximate rate correction 
can be introduced. · 

Description and geographical position of stations.-The position of the pendulum stations is 
shown on the accompanying map (plate 2), together with the course of the Greenland expedition. 
In Table 1 is a descriptive summary of the locations, the support of the pendulum case, and the 
measured flexure of the support and case. It will be noted that all the stations, with one exception 
(Niantilik), were located in buildings, and generally in basement rooms. The support for the case 
was always masonry, generally very low (not over ~O cm. above the floor). The flexure was measured 
statically as described in Appendix No. 1, Report for 1894, page 12. The figures in the last 
column represent the horizontal movement of the knife-edge when a force of 1·5 kilogrammes was 
applied horizontally in the plane of oscillation. The flexure was small and fairly uniform at these 
stations, probably a result of the uniform method of mounting the pendu1um case on very low and 
solid foundationR. 

The geographical positi<'ms of the stations are given with the final summary of results in 
Table 6. For the points in the United States, the latitudes and longitudes are derived from 
primary astronomical stations of the Ooast and Geodetic Survey, with which the pendulum stations 
were connected. The derivation of the positions of the stations on the Greenland expedition is 
detailed in the report on magnetic work in connection therewith. The elevations of the stations 
are based upon the best available sources. The pendulum stations were connected by hand level 
with known bench marks, railroad grades, or directly with the mean sea level, to obtain which 
rough tidal observations were sometimeR made. 

-·---- -- - -----------· -------

,Appendix No. 5, Heport United States Coast and Geodetic Survey for 1897. 
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TABLE 1.-Location of stations, support for pendulum case, and. flexure. 

Station and location. 

r. Washington, D. C. Office U. S. Coast and Geodetic Survey on 
Capitol Hill, pendulum room in southwest corner of basement. 

2. Austm, Tex. Capitol building, basement room southeast of rotunda 
3. Laredo, Tex. Commissary of Fort Mcintosh, basement room 

4. Galveston, Tex. Ball High School, storeroom, ground floor 
5. Austin, Tex. University of Texas, main building, "Aquarium" room 

in basement. 
6. New Orleans, La. City Hall, hallway in basement of building 
7. Calais, Me. High School building, basement 
8. Key West, Fla. Post-office building, southeast basement room 
9. Charleston, S. C. South Carolina Military Academy ("Citadel"), 

ground floor storeroom, southwest corner. 
IO. Atlanta, Ga. State Capitol, northwest basement room of Washing-

ton-street wing. . 
1 r. Little Rock, Ark. Post-office building, north center basement 

. room. 
12. Sydney, Cape Breto11, Nova Scotia. Sydney Hotel, front part of 

basement. 
13. Ashe Inlet, Big Island, north side of Hudson Strait, in a stone hut, 

near Canadian meteorological station. 
14. Umanak, Greenland. Building known as "Gamle Pnestebolig," 

ground floor. . 
15. Niantilik (or Winter Harbor), Cumberland Sound. In a tent, on 

small island on which is located sailors' cemetery. 

Support for pendulum case.* I Flexure. 

Massive brick pier with cap­
stone. 

Concrete floor 
Low brick pier against foun­

dation wall. 
. Concrete floor 
Corner of concrete wall. 

Slate floor 
Concrete floor 
Concrete floor 
Brick floor 

Asphaltum floor 

Concrete floor 

Low brick pier against four­

r-·--· 
Microns. 

r·o 

2·0 
2·0 

2·0 

I ·o 

2·0 
2·0 
2·0 
2·0 

2·0 

2·0 

1 ·5 
dation wall. 

Bed rock 

Low brick pier on 
floor. 

stone I 
[I ·o] 

2·0 

Bed rock 
I 

[rn] 

I 
•In the cases where the support is given as a floor or bed rock, tbe pendulum caee was u•nally mounted on one layer of bricks cemented 

to tho floor or rock, the footplate& being cemented to tho brio ks. 

The location of the stations was favorable as regards freedom from outside vibration in all 
cases excepting New Orleans. Here the necessity of being convenient to the longitude 
observatory compelled the location of the pendulum apparatus in a basement close to a heavily 
traveled street. The jar of passing vehicles was quite noticeable, partly, perhaps, because of 
the generally unstable condition of the underlying ground. Although the coincidences were 
sometimes irregular, the periods of the three pendulums are in good accord, and no discrepancy 
appears between day and night observations, notwithstanding a considerable difference in the 
amount of traffic. 

Instruments and methods of observation.-The half-second pendulum apparatus and pendulums 
A4, A5 and A6 were used throughout this work. These pendulums (plate 1) have not been altered 
and have received no known injury since their first use in January, 1894. With a few slight 
exceptions, the methods of observation and computation described in Appendix No. 1, Report for 
1894, were followed in the present work. As intimated on page 19 of that report, the plan was 
adopted of using two knife-edges. Pendulum A4 was always swung on knife-edge AII, and 
pendulums A5 and A6 were swung on knife-edge AI. Each of these edges is set in its own 
metal block so that it can be readily adjusted and secured in the pendulum case. The use of the 
two edges furnishes, it is believed, a necessary check on the invariability of the knife-edge, which 
is, of course, a vital part of the pendulum, whether it is a part of it or a part of the support, as 
in this form of apparatus. 

Because of the considerable change of period at the northern stations, it was found no longer 
sufficiently accurate to consider the temperature coefficient as a constant quantity. The value 
heretofore' used, 0•·0000049 for 1° C, is correct for a period of 0•·5007 484. Expressed as a function 
of the period (P), i~ becomes 0•·00000837 x P for 10 O. 

Thermometer Green ~604 was used in the dummy pendulum at all these stations, as well as 
in all the previous series with these pendulums, with the exception of the observations at 
Washington in January, 1894. Its corrections were determined by the Office of Weights and 
Measures in June, 1890, and again in November, 1896, and its zero point was also tested in 
January and June, 1896. The correction at oo 0 has changed from OO·OO in 1890 to -0°·07 in 1896, 
and there is a fairly accordant change throughout the scale. The corrections adopted in this 
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work are a mean of the 1890 corrections with this change of -0·07 applied throughout, and the 
1896 corrections. as shown in the following table: 

Corrections to thermometer Green 6604. 
--·----------------------------

At o° C. 
5 

10 
15 
20 
25 
30 
35 
40 

I 

Corrections 
dctertuined 
June, 18<}o. 

0 c. 
·--o·oo 

"OI 
·04 

- •o6 
•o8 
·13 

Corrections of 
June, 18go, 

corrected for 
chnnge in zero 

point. 

0 c. 
-0·07 

·o8 
·11 

- ·13 
- ·15 
- ·20 

I· ..... 
·o8 I -- "I5 

."'.3 ....... ~ .. ·2~ .. I 
-------· 

Corrections 
dctern1ined 
Noven1ber, 

18<)6. 

0 c. 
--0·07 

"I2 
0 I I 
"I5 
0 I6 
"I6 
"I9 
·18 
·15 

Adopted 
n1eans. 

oc. 
-0·07 
--- "IO 

"II 
"I4 
"I6 
0 I8 
"I7 
"I9 
·15 

Rates of chronometers.-The chronometer corrections were determined by star observations 
made with transit instruments in the meridian, the observations being recorded chronographi­
cally, except at Sydney and Umanak, where they were made by the eye-and-ear method. The 
pendulum swings covered the entire interval between time observations, being continued beyond 
the usual forty-eight hours, when necessary, until time was obtained. The comparisons between 
chronometers were made either chronographically or by coincidence of beats between mean time 
and sidereal chronometers. At the stations in the United States, the time observations were 
made with the longitude transits, and usually thf' time determinations made for the longitude 
work were used directly. At Sydney and U manak a small meridian telescope (No. 13, focal ·length 
6;")·8 cm., aperture 5·1 cm.) was.used. As already mentioned, the time observations at Ashe Inlet 
and Niantilik failed because of unfavorable weather and the limited length of stay. The adopted 
rates at these points were obtained by combining the rates at the preceding and following 
stations, and the traveling rate, giving equal weight to the chronometers. In each case it is 
estimated that the adopted rate is uncertain by at least a second of time, which would correspond 
to an uncertainty of about 40too in g (or 0.025 dyne or cm.). 

The rate at Ashe Inlet was derived as follows: 
1--- ·------ - --- -- . -·--·-------------------------~ 

177 M. "f. I 
l 

Chronometers. I 1823 S. "f. ; 1842 M. "f. : 

\_R_a_t_e_a_t_S_y_d_n_e_y_, J_u_l_y_1_0--I2---------------------J--. -::~ .:~:--;~.24- --_-__ s-.-

Traveling rate, July 16--0ct. 3 (omitting Umanak) +2.51 I +2·17 +3·70 
Rate at Umanak, Aug. 7-Aug. 20 -1-2·29 +1.43 +4·82 

----------------
Means +2·14 i +1·12 +4·26 

Rates of mean-time chronometers, derived from above average rate of 1823 
and comparisons before and "after pendulum observations [ +o·So +4·20 

I
• --Adopte--d rates (weighted mean giving half weight to latter values so as to I 1----------
- give equal effect to all three chronometers) J J + 1 ·01 +4"24 

The rate at Niantilik was derived as follows: 
~·--·-·- ·- ----

Chronometers. 

Rate at Umanak, Aug. 7-20 
Traveling rate, July 16--0ct. 3 (omitting Umanak) 
Rate at Washington, Oct. 6--15 

Means 
Rate of 1842, derived from above average rate of 1823 and comparisons before and after 

pendulum observations 

x823 S. 1'. ·1 1842 M. "f. 

------1--
s. ! 

+2'29 
+2·5I 
+I 0 91 

s. 
-1-1·43 
+2"17 
+1·59 

+I"73 

+0·82 

Mean, adopted rate +r28 

I 
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Table 2 gives a summary of the rates of the chronometers which were used directly in the 
pendulum observations at the different stations. In some cases two chronometers were employed, 
and in others only one. At Sydney one mean-time and one sidereal chronometer were used, and 
at the other three northern stations mean-time chronometers exclusively were used in the pendu­
lum observations directly. This became necessary because the increase in the force of gravity so 
diminished the period of the pendulums that it approached closely to the sidereal balf second, 
and the coincidence interval with a sidereal chronometer would have become inconveniently long, 
but the pendulum was enough faster than a mean-time chronometer to give convenient coincidence 
intervals with it. With a mean-time chronometer the pendulum makes one more oscillation than 
the chronometer beats half seconds in an interval between two coincidences, so that the formula 

for the period becomes P=2s~n wheres is the unmber of seconds and n the number of coin-

cidence intervals. The rates are all referred to sidereal time, by adding + 2:tG])l)5 to the mean­

time rate as expressed in mean-time seconds on mean time, after reducing the latter to sidereal 
seconds by adding the necessary small correction from Table III of the American Ephemeris. 

TABLE 2.-Summary of rates of sidereal chronometers. 

I 
Daily rate on sidereal time ( + losing, - gaining). 

Station. Interval. Chronon1etcr number. 

1824 1823 1&11 1818 1771 1829 I 1836 I 1828 

-- !---
1895 s. s. s. s. s. s. s. s. 

· Washington Jan. II-Jan. 13 +5·87 +2'35 
Austin Apr. 29-Apr. 30 +0·56 

" 30-May I +0.50 
Laredo ~~y Hr " II +4'35 

II- " I2 +4'97 
Galveston " 2I- " 22 +4'42 

" 22- " 23 
I 

+4'48 
" 23- "· 24 +4·62 

Austin June 5-June 6 +0·70 I " 6-- " 7 +0·35 
" IO- " II +1'19 j 

" II- " 12 +0·28 I 
New Orleans July 23-July 24 +5·16 

" 24- " 25 +5·08 
" 25- " 26 +5·15 

Washington Aug. 2-Aug. 4 +4'50 +4.52 
Calais " 21- " 22 +2·68 

" 22- " 23 +2'53 

I8g6 

Washington Jan. 2I-Jan. 24 +2·58 +1·45 I 
Key West Feb. 8-Feb. 9 I -0·28 

" 9- " IO ! -0·88 
Charleston " 25- " 26 +2'39 

" 26- " 27 +2'73 
Atlanta Mar. 7-Mar. 8 +1·97 

" 8- " 9 + I,go 
Little Rock ~rr. 4-Apr. 5 

5- " 6 -0·29 
Washington June 22-June 26 +2"95 

-0'2I 
Sydney July Io-July II +I'59 

" II- " I2 +1·66 

I 
Washington Oct. I5-0ct. 16 +0·82 +1·74 

" I6-- " I7 +0·67 +I'6o 
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T.A.HLE 2.-Smnmary of rates of mean-time chronometers-Continued. 

I Daily rate on 111ean 
tinie ( + losing, 

-gaining.) 
-;,,.,., ... , ..... ~. I 

time. 

Station. Interval. 
Chronon1eter nu111ber. Chronometer number. 

1842 177 1&12 177 

-----
1896 s. s. s. s. 

Sydney July 10-J~~y II -0·29 +236·26 
" 11- 12 -0'18 +236·37 

Ashe Inlet " 25- " 26 +1·01 +4'24 +237'57 +240·81 
Umanak Aug. 8-A~g. II +1·48 +4·81 +238·04 +241·38 

" II- 12 +1·53 +4·88 +238·09 +241'45 
Niantilik Sept. 17-Sept. 18 +1·28 +23r84 

--

Results.-In. Table 3 are given the details of the observations and reductions for each swing. 
The temperatures as here given are the mean for the swing, properly weighted if more than two 
readings were taken, and corrected for thermometer error. The pressures are reduced to oo 0. 
In Table 4 are collected the mean periods for each pendulum and station, all reduced to the stand­
ard conditiomi, arc infinitely small, temperature 150 C., pressure 60 mm. at oo 0., sidereal time and 
inflexible support. The differences of each pendulum from the mean· of the three are also given. 

From these mean periods gravity at the various stations was computed from the rnlation 

g0 = ~:: g.,, gravity at Washington, Coast and Geodetic Survey Office (g.,) being_ taken to be 

980.098 dynes or centimetres, as before, and the mePu of the periods at Washington (Pw) before 
and after each series being used for that series. The results for g computed separately for each 
pendulum and station, with the mean and differences from the mean, are given 'in Table 5. The 
unusual discrepancy between the values from the separate pendulums in the case of Laredo 
appears to be due to an error in the chronometer comparisons, which was not noticed in time for 
rectification. The results for this station must be considered as having a small uncertainty on 
this account. At Ashe Inlet and Niantilik the results can only be considered as approximations 
because of the failure to obtain sufficient time observations, as referred to under the head of rate. 
At these two stations each pendulum was swung only once, in position 'i reversed," but an 
examination of the periods at the various l'ltations indicates little or 110 systematic difference 
between the periods in the two positions. 

TABLE 3.-Pendulum ?bservations and reductions. 

WASHINGTON, D. C 

- • • 
1 I '" 7oi-ncidence I Total 

1 
t0 Period Corrections (7th decimal place). I l'eriod correc~ed. 

I 
o E . bll Interval. arc. I .. .; uncprrected. 

z "i:: ~ --1"'" .. . ao ~ ~ ~ Date. Chronometer. ~ ~ a.s ~ Chronotneter. u ~ ~ ~ --~1~ ~ Chro11on1eter. II 

~ i:: 0 I i:: ·- = I " .. .. " '" " - .. Menn. 
~ ~ ~-~--- 1824. 1823 . .9 ii; ~~.~~.::_~~~~·II<" ~-~1---

1895. s. s. I I I 0 c. """ s. s. s. s. I s. 
1 A.I R II Jan. 11 316·20 3orw 52- 19 11·43 62 ·5007919 ·5ooS130 -8 +150 -2 +340 +136 -6 ·5oo8393 ·soo&ioo

1 
·5oo83<)6 

2 A.j D II 12 316°46 3o8·28 53 21 11·28 62 7912 8122 -8 +156 -2 +340 +136 -6 8392 8398i 8395 
3 As R I 12 403·19 39ro2 51 21 11·40 s6 6208 6402 -8 +151 +4 +340 +136 -6 6689 6679 668.\ 
4 As D I 12 403·51 391·32 52 16 11·33 61 6203 6397 -7 +154 -1 +340 +136 -6 6683 66731 6678 
5 A6 R I 13 430·55

1

416·58 50 21 10°88 6o sS14 6oo8 -8 +173 o +340 +136 -6 6313 6303 63o8 

I 
6 A6 D I 13 435°61 419·55 511 21 10·04 61 5746 5966 -8 +208 -1 . +340 +136 -6 6279 62751 fa87 

·5007125 ·50071251 5007125 
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T.A.BLE 3.-Pendulum observations and reductions-Continued. 

AUSTIN, TEX. (CAPITOL). 

IJ-:T ~ C~~~~~~l.ce 1;.~~l ~ un:C~~~c1ed. I Corrections (7th decimal place). Period corrected. 

I~ I~ I~ l Date. Chronometer. :g ~ ~~ ~ Chronometer. ,

1 

., ~ J.;, .;I Rate. ~.; Chronometer. 
"i e ·~ ·a .-:::: .9 Q) ~ ~ Q.I I~ ~ ! M Mean. 
~ ~ _::___ _:__ ---~I __ .:: "" ,... p.. ~ --- __::._ __:___ p...,, ~4~1 ___ """ _'..~~J ____ _ 

1895. s. s. ' ' 0 C. mm s. s. I I s. J. s. 
I A.I R II Apr. 2<) 228·59 S3 I9 26"I4 sB ·sou,.,00 -8 -467 +2 +32 -13 ·5010so6 

21 A4 D II 30 228·27 S3 20 26"S7 6I I097(j -8 -48s -I +32 -13 IOSOI 

3 As -8 -S04[ +1 +32 -13 o877I R I 30 270·37 s2 2I 2ro2 
S91 

09263 
4 As -7 -s16 +2 +2<) -13 o8773 D I 30 "69'9S s2 I7 27'30 s8 09278 
S A6 -8 -S20 -I +2<) -I3 o8399 R I May I 28:·02 

::I 
I9 27'4I 6I o8<)12 

6 A6 -8 -S.371 o +29 - I3 o8407 

'500<)2261 

D I I 28o·28 2I 27'8I 
6ol 

o8<)36 

A41 R 

I 
1818. , 

I II May IO 223·34 S3 IO 2s·97 

2 A41 D II II 

~~::1 S3 23 24'9I 

3 As R I II S3 26 24·34 

4 Asl D I II 266·02 S3 I6 23·33 

Lil 
I 

121 

279·14 S3 23 2I'8S 
D I I2 279·21 S3 21 21·68 

-

LAREDO, TEX. 

1818. I 
6o 

s8 
s8 

·501121 

1117 

8 

6 

54 

I 
- 6 -46o 01 
-9 -41s +2 

-1oj-39I "94 
s8 0<)41 

6o o897 
6o o897 

+21 
- 11-349 +2. 
- 9 -287, 0 

-51--28oi 
0 0 

GALVESTON, TEX. 

1818. 1818. 

+2S2 -13 ·so1099I 

+2S2 -I3 IO'J93 
+2S2 -I3 09294 
+288 -I3 09336 
+288 -13 oS<}SI 
+288 -131 o89S7 

I '500<)7541 

I 
i 
I 
I 

I 

II A.I 

I 

- 81_30I 
1818. 1818. 1818. 1818. 

R II May 2I 235·79 S3 2I 22'18 62 ·so1o62s -2 +2S6 -I3 'SOIOS57 

2; A4 D II 22 237'34 SS I6 2I'2S 6o IOSS6 - 7 -262 0 +2S6 -I3 10s30 n 
3; As R I 22 283•58 S2 30 20'S9 6I o8831 -II -234 -I +2S6 -13 o8828 

4 As D I 22 284·46 S2 2I 20·34 63 o88o4 - 8 -224 -3 +26o -13 o88I6 

7 As D I 23 283'6I S2 I9 2I'3S 64 o8831 - 8 -266 -4 +268 -13 o88o8 

s A6 R I 23 297'I3 s2 17 20·s6 63" o8428 - 71-233 -3 +26o -I3 o8432 
8 A6 ,R I 24 29S'6S S2 20 2I'73 s8 o8470 - 8 -282 +• +268 -13 o8437 

61 A6 D I 23 29S'66 S3 22 2I'IS 62 o8469 =r:: -· +26o -I3 o8447 

I 
91 

A6 D I 24 294 ·8s SI 23 22'I3 S7 o8493 +3 +268 -I3 o8444 ---
I I 'SOO<J268 

I 

I 

I A4 R II June 5 
2 A4 D II 6 

3 As R I 6 

4 As D I 6 

s A6 R I 7 
6 A6

1 

D I 7 

l A.I R II June IO 

2 ·A4 D II II 

3 As R I II 

4 A5 D I II 

5 A6 R I I2 

6 A6 D I 12 

ACJSTIN, TEX. (UNIVERSITY. PENDULU~ IN PRnrn VERTICAL). 

I ! ! 
1841. 1841. ! 

-:1 
1841.1 

23I·39 SS 20 23'IS 61 ·s0Io827 -8 -342 +40 -6 

232·o8 S3 2I 22·43 6o 1079s -81-3" +40 -6 

274·so S3 21 23·38 6o 09124 -8,-351 +40 -6 

•1s·23 S2 20 22·98 sB· 09100 -8_-334 +i +20 -6 

286•7• S2 20 22"9I 58 o873s =f ;;:I ::j +20 -6 

284'68 50 22 24·02 sB o8797 +20 -6 

i 

AUSTIN, 'l'EX. (UNIVERSITY. l'ENDULUM IN MERIDIAN). 

J 
I 

1841.1 1841. j 1841. 

230·83 17 24·44 SS ·so1o854 -8 -396 +5 +69 -6 

23I 0 18 s61 2I 24·42 6I Io837 -9 -3951 -I +69 -6 

273·72 53 22 24·92 61 09150 -9-4I6 -I +69 -6 

272·58 52 :1 24·72 59 09188 -81-407 +I +16 -6 

283·95 52 24·6o S9 o8819 -r·o, +1 +16 -6 

283·o6 S3 S9 o8848 -8 -420 +I +I6 -6 

! 

1841. 
·soIOSIO 

I0510 

o8799 
o8774 
o&i12 

"8427 ---
'SOO<J239 

18.fl. 

·50105I8 

I0495 
o8787 

o8784 

o8420 
0843I ---

;s00<J239 

·-----

I 

! 
\ 

I 
___ i 

0 
I 

_]_'.5] 
--·----------- ---- LJ 
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T.A.ULE 3.-Pendulmn observations and reductions-Continued. 

NEW' ORLEANS, L~\. 

Period corrected. I . ..: I / .; I 1' C<?incidence 
1 

Total I ,!., : I Period Corrections (7th decimal place). I 
0 r: t:.c • interval. 1 arc. i... I · 1 uncorrected. 

1

7. E ' g I ~ i-_-. --! ~~ ~ . ' ' 1----------1 

~ .g l :-E ~ Date. Chronotneter. 1 .~ I .; I a 3 ~ Chronotneter. · I c.. I er.~ I Rate. M lli I Chron0111eter. ! 

I 
·~ 5 I ~ ·a I : ·= .5 v J ~ I e ~ ~ ;:; ! !:: Mean. 
~ _:_,_:_1 _~ ___ 1~J __ :_:_ _.:_1_::__1_:_ ~I ___ __::__~~~~! ___ :~ ~1 

______ _ 

1895. s. s. 1 C. mm s. s. s. s. s. 
'1 I • i I i 0 I I 'I 

11 A4 R II July 23i 23ps1
1

1 
SS 26: 2s·6o1 62: ·sows64 -1~1 -·444; -2 +299 -13 ·so10394 

2 A4 D II 24· 23;·os

1 

56 20! 2s·62 6i 10569 - 9 -44s -2 +299· -13 10399 

3! As R I 24 282"SO s6 211 2y67 66~ 1
• o886s - 91-447: -2 +299 -13 086<)3 

4 As D I 24 282"731 531 43: 2s·37 • 08858 -1s -43s1 -2: +29S -13 o8688 
9 As D I 26 282"8o

1 
s6: 221 2s·62 64 o88s6 - 9 ·-44s! -4! +299 -13 0868.j 

s, A6 R I 251 29~·76: 51l 161 25·s4 64 o84¢ - 7 -442: -41 +29S -13 0832s 
8· A6 R I I 26 29s·48• S3! 20' 2s·24 63 o847s - 81-429 -3. +299 -13 08321 

6 ~, D I 2sll 294·6o s1: 211 2s·64 6o oSsoo - S -446. al +29Si ,-13 o8328 J 
7 D I 2S 2¢·1si S31 '91 25·27i 6o o84s6 - 81-4311 ol +2991 -131 ·s~:: 
~'-------'----'----'---'----'~~~ 

I A41 I R II 
2 A41 

D II 
I 

3· As R I 
41 As· D I 

I 
si A6i R I 
6

1 

A6

1 

D I 

ITTR[II 
I :i ~ID II 

I 

31 As R I 
4I As D I 

51 A6 R I 

I 61 A6[ D I 

:I Rill A4 
nin A4 I 

3 As Rj I 

4 AS n1 I 

9 As D I 

5 A6 R I 
8 A6 R I 
6 A6 D I 

7 A6 D I 

I 

I A4 R II 

2 A4 D II 
3 As R I 

4 As D I 

s A6 R I 

61 

A6 D I 

I 
I 1818. ! 1771. ! 

Aug. 21 298"731 
3 298•31 

3 37S'OO 

3 37s·6s 

4 3¢·34 

41 

394·71 

i 
Aug. 21' 360·81' 

Jan. 

Feb. 

22 361·631 

22 478•071 

221 4So·s9: 
23; s1s·77 

231 s1o·~i 

I 
i r836. 

21 1 302·s7 . 
22: 

I 
302'46 

2i 381·57 
I 

381·s1 221 
24' 377"28 

I 23· 403•73 

~I 399·73 
401·84 

23! 400·93 

I 
I 

I 1828.1 
8· 214·36 
9! 216·141 

91254·43 
9 2s4·66 

10 264•37 

IOI 263·92' 

299·661 
299·12 

37s·36 
374·82: 

39S'IS 
394"46 

! 

18.lf. I 
311·7s1 
311 •33: 

39S"38: 

:~:: 
419·35 
414·81 

41n8: 
416·45! 

i 

I 

6584--20 

WASHINGTON, D. C:. 

I I 1 i 1818. 1771. I I I i 
20·721 6o ·soo/;383 ·sooS356' -9 -2401 01 ss1 20: 

I 
S71 

20 20·76 64; 

S3 23 21'02 61 

531 19 21·191 63 
I 

S31 19 21·341 6o 

S3! 
22 21·ssl 62 

IS'21 64 
14·81 64 

S31 21 1s·26 64 

~:1 :~ :~:: :: 
s21 2011s·66 61 

8372 -91-2411-41 839s 

667.Si 6669 -9 -2S2 -I 

6664, 6679 -8:-2s91-31 
6316: 633s1 -81-266 0 

6342i 
I I 

63461 -9·-276 -2· 
i I 

i ! i 
CALAIS, ME. 

1829. I 
·soo6938I 

6923' 
s235! 
s207: 

48s2 

4898 

i. I I 
I . 

-8: - 9. -4 
-9· + 8: -4 

-8: -Ill -4 
-91- 3! -2 

-81 - 3 -I 

-8. -28 -I 

I I 
WASHINGTON, D. C. 

! I 1836. I 1841. I 1 
I 
I : 

S3 21 10·01' s8 ·sooS277 ·soo8o32 -8 +209 +2 

8o43 -9
1 
+2o8 -4! SS 21 10·04; 64 8279 

10·34: -9!+19s +61 SS 23 54 6s61 6331 

10·361 6s62 6318 -8:+194 +3 S3 21 S7 
S2 21 11·s6 62 6635 641s -8,+145 -2 

20 

::::1 
s8 6200 s969 -8

1 
+193 +2 SI 

S2 21 S9 6262 6o34 -81+162 +1· 
I 

SI 21 10°66 61 6229 599S -8 +182 

-·1 S3 19 10·83 61 6243 6o10 -8 +17S -I 

I 
KEY WEST, FLA. 

J ' 

6ol 
I i 1828. 

_J'-317 
i 

17 22·ss ·sou69Q 0 

~1 
I 

20 21'01 61; IIS93 

=:1=~: 
-I 

23 20'02 611 0984S -I 

S3 17 19·54 61! 09836 --8 -190 -I 
I 

--8 -186 s21 22 19'44 :;i 0947S -1 

S31 
21 19·391 09491 

-r184 
+1 

1818. 

+261 
+261 

+2611 +261 
+261 

+261i 

I 

1829. I 
+•ss' 
+1ss 
+1ss 
+147 
+147 

+1471 

1836. 

-84 

-84 
-84 

-84 
-84 

-84 
-84 
-84 
-84 

1828. I 
-16 

-16 
-16 

-SI 

-51 
-SI 

1771. ! I 1818. I 1771. 
+2621 -61 ·soos3391 ·sooS363 
+262 -6[ 83¢ 8374 
+262 -6' 6669 6663 
+262 -6 6649 666s 

+2621 -6 6297 6317 
6310 631s +>621-6 

r811. 

·soo71181 ·soo7116 

1829. 

-13 ·soo7059 
-13 7o6o 

-13 S354 

1
-131 s327 

-13~ 4974 

1

-13 499S 

I .:;;sm 
' ' 

1836. 18/l. 

+149 -6 ·5008390 ·sooS378 

+149 -6 8384 8381 

+149 -6 6663 6666 

+149 -6 6661 66so 

+149 -6 668o 6693 
+149 -6 6297 6299 
+ 149, -6' 6327 6332 

+1491-61 6312 6311 

+1491 -6 ~ 6319 

I ·5007122~ 

1828. 

-13 ·sou337 
-13 II302 
-13 09S¢ 
-13 09S73 
-13 09216 

-13 09236 ---
·5010043 

·sooS376 

838s 
6666 

66s7 
6307 
6312 

·5007117 

'5oo8384 
8382 

6664 
66s6 
6686 

6298 
6330 
6312 

6319 

·soo7122 
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TABLE 3.-Pend1tlum observations and reductions-Continued. 

CHARLESTON, S. C. 

~ Co1-'n.ntcie'rvdeanl.ce Total ,..;, Period J' Corrections (;'th decimal place). Period corrected. c:i -c arc. ~ c,; ~ uncorrected. 

·.3 1 Date. Chronometer. ai ...; ""Ei ~ Chronometer. I P. .;, · Rate. I,< .
1
-C_h_ro_n_o_m_e_t-er-.-,-----I i ~ ~ ·a :€ .E ~.., ~ ~ ~ ~ ~ ! ~1-------1 Mean. 

en Po< Po< ~ 1841. .e i:. ,... Po< 1841. < ,... :>.,,, 1841. 11o = 1841. t 

-1,-:-:--:- F::~·2S ;,;.7S-.-. --:~11 :~~r=~ ·s~s69-.-.--=+12s,-:--:---_J ·s~19--•. ---.-. ---

21."", D II 26 262·26 s6
1 

21 11·00. 62 9SSO -9 +168! -2 +139 -131 9833 
3 Asi R I 26 31ro2 s2 22 12·1s! 63 7898 -s +us• -3 +139 -13. 8131 

4: AS/ D I 26 317'86 S2 16 l2'SS 6o 7877 -7+103 o +1s8 -13 8u8 
sl A6 R I 27 333·64 S3 21 12'S7 65 7SOS -8 +102 -S +1s8 -13 7739 
61 ·A6

1 

D I 27 330·9s S2 20 13'39 62 7S65 -8 + 67 -2 +158 ....:13 ~ 
•5oo8568 

ITT 

R 
D 

I 
3 As 
4 As 
S A6 

I 6 A6 

R 

D 
R 

D w 

ITTR 
A4 D 

I 3 As R 

I 4 As D 

5 A6 R 

6 A6 D 

nl R 

2 A4 D 
12 A4 D 

3 AS R 
10 As R 

4 As D 

9 As D 

s A6 R 
8 A6 R 
6 A6 D 

7 A6 D 

II 
II 

I 
I 
I 

I 

II 
II 
I 
I 

I 
I 

II 

II 
II 
II 
I 
I 

I 
I 

I 

I 

I 

I 

I84r, 
Mar. 7 256'o8 S3 17 14·58 

8 256'87 SS 19 13'85 
8 311·26 55 24 14'o8 
8 312·35 53 17 13'49 

9 327'05 S2 19 13·72 

9 323·16 53 22 15'01 

Apr. 
I ;828. 

4• 2S7'09 s2 17 22'21 

s 2s8'85 S3 17 21·13 

s 309·2s s2 21 24'!0 

s 310·10 
s21 

19 24·42 
6 323·13 S2 20 24'97 
6 323·27 

521 
23 24'S2 

I J 22'631 
I ;829. 

June 22
1 

292·86 53 
26: 294•67 s6 21 21·411 

~I 292'5? 55 20 22°65 

294·49 SS 21 21°381 
23 366·29 53 21 22·79, 

2S 369'26 SS 19 21·ssl 
23 366·23 52 191 22·53 

2S 369'21 53 21. 21'7S• 

24 387'24 52 20 22·331 
2s 359·63 S3 20 21·83 

24 387'¢ 52 21 .... I 24 389•00 53 19 21°98 

ATLANTA, GA. 

I8/I. 

- 8! +"1s 

I8/I. I8/I. 
61 •5009781 -I +114 -13 •500<)891 
62 97SI - 91 +48 -2 +t14 -13 9889 
6o 8o44 -10

1 
+39 0 +114 -131 8174 

62 8o17 

l~ 
- 2 +110 -13 81671 

62 7C>s6 -2 +110 -13 7797 
61 7748 -9 O -1 +110 -131~~ 

•5oo862s; 

LITTLE ROCK, ARK. 

;828. ;828. I828. 

62 ·5009743 -7 -302 -2 -17 -13 ·s009402 
66 ¢77 -7 -257 -6 -17 -13 9377 
SS 8097 -8 -381 +s -17 -13 7683 

55 8o7S -8-395 +5 -12 -13 76521 
s6 7749 -8 -4181 +4 -12 -13 7302 

S7 774S -9 -3991 +3 
-12 -13 7315 

~1 
WASHINGTON, D. C. 

-81_320 
I829. I ;829. ;829. 

s8 ·sooSss1 +2 +171 -6 '5oo83901 
61 8498 -9!-268 -1 +171 -6 838s 
6o 8s62 

=:1=::; 
0 +171 

=:1 
83971 

s8 8504 +2 +171 83951 
61 6834 -8 -326 -I +171 -6 

~I s8 6779 -9-274 +2 +171 -61 
6o 6836 -81-316 0 +171 

=:1 
6677• 

S9 678o -8 -283 +1 +171 
-61 

66ss1 
61 6464 -8 -307 -1 +171 6313! 

S9 6424 --81- 286 +1 +171 -6; 62<}61 

-81-301 63111 S7 64S2 +3 +171 -61 
6o 6435 -8 -292 0 +171 -6 6300. 

i~l 

I 
t 
I 

I 

' 

I 
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TABLE 3.-Pendulum observations and reductions-Oontinued. 

SYDNEY, CAPE DRETON. 

Period corrected. 
1 · I Coincidence Total ' Period 

~ j ~ ~ Interval. arc. ~ . ~ uncorrected. Corrections (7th decimal place). 

~I '.g 1 1 Date. Chronometer. ] ...: P..~ " Chronometer. ci. "' . Rate. M . 1 -C_h_r_o_n_o_m_e-te-r-.~---I 
.;: " 'Iii ·;: .~ ~ a ... l:l u El "~ "~ --~---1 Mean. 

l ~·v o... = .... u ~ """ ~ """::s -::s 
tJ'J I p.. p.. ~ :842. 1823. .... Ii. !-< p.. 1842. 1823. < !-< ;:.. 1842. 1823. Ii. 1842. 1823. -·--i-------- ,_ ,____ ------

1 
r895. s. s. 1 1 °C. mmr s. s. * r812. r823. 

I A4 R II July II 372•26 365·65 53 20 17'81 6o ·4993293 ·soo6846 -8 -I17 0 +13654 +92 -IO 
s. s. 

·soo6812 ·suo68o2 ·soo6Bo7 

o A4 D II II 372'o6 366•12 5S 22 I7'7S 6o 32<)0 68381-9 -IIS o +13654 +92 -10 
3 AS R I II 2<J6·20i· 486·o6 s2

1 
20 17'90 63 IS74 SI49 -8 -12;; -3 +13649 +92

1
-10 

4 As D I II 29S'09 490'7S s2 201 17'S71 62 1543 S099 -8 -1oz! -2 +136s6 +96 -IO 

6810 6796 68o3 

soS 1 S099 S090 
so71 so67 so69 

I ~I ~~ 1, ~ ~ ::1 ::~::;I ~:::;; ~: :1· :~:;:ii :; :~: :: =:1·=:~1
1 

~:I ::~~~~ :: =:: :~:: :~~ :~~ w 'SOOSS33 ·sooss3•i ·sooss32 

R II 

R I 
R I 

:l~I: :: 
2, A4 D II 

Si A4 D II 
31 As R I 

9 As R I 

4 Asj D I 
to As' D I 
5 A6

1 
R I 

II A6 R I 

.A.SHE INLET, HUDSON STHAIT. 

J r8p. , r77. 
4'7,1 6o 

r8p. • T77· I I I r812. r77. r812. I r77. 
July 229·49 226·4s S3 19 •4989129 '498S984 -s +430 0 + 13719 +•3900 -6 ·soo3262. ·5003304 ·soo3283 

26 198'49; 19s·s7 S3 19 4·87
1 

69 7436 +13902 -6 ISSI '~1-• .,,,I -•1 +"'" •ss•I 1551 
26 192·30, 189·921 S3 19 4·7sl • 62 70331 6871 -8r42SI -2

1 

+13714 +13901 -6 llS91 1184 Ilj2 

·soo19911 ·soo2012 ·soo2002 

... . ;! ~~;7 
II 2IO'SS 

9 185'13 
II 184·77 

IOj 184•49 

121 183'76 
IO, 178°54 

0'!\fANAK, GREENLAND. 

r77. 

I 
r812. I r77. r812. I r77. 

-8 +174 ':....1 +13743 +13936 -13 ·soo1982
1 

·soo204s ·soo2014 

-8 +203 -4 +13743 +13936 -13 201511 2018 2016 

-71+•37 -2 +137431 +13936 -13 2064 206o 2062 
-8 +•79 +• +13743 +13936 -13 20s7 2017 2037 
-81+•oS -2 +13738 1 +13931 -13 0355, 0361 0358 
-9 +136 0 +13738 +13931 -13 0358! 031s 0336 

-8 +139 -6 +13738 +13931 -13 03351 0333 0334 
-8 +173 +3 +13741 +r3935 -13 0328 0299 0314 

-8 +174 -2 +13740 +13934 -13 9924 9944 9934 

0 

I I I r812. I r77 . 
207·07 S3 19 10·83 61 •4988o87r ·49879s7 

206·19 S3 21! IO'ISI 64: Jk>94
1 

7904 

207'99 S3 17; 11'71 62 82o61 8oo9 
206·491 S3 19: 10·721 S91 BISS 7922 
t82'S8 S3 20i 12·411 62 6s32 634s 

::::;:: ~; ::i :::~I :I :~:1 :: 
1Bo·78! s• 20110·86 s1 6432 6209 
176·161 s2 '9. 10·70, 66 6o37 S849' -8 +18o -6 +13737 -1;•3930 -13. ·49999271 ·4999932 ·4999930 

-91+18s +2 +13737 +13930 -13 99281 9945~36 
-81+141 +4 +13740 +13934 -13 992s 9955 9940 

~~1~ Ir:~ : 121
1 

178•49 
178·401 

:~ 17s·ssJ 

! i 

176·29. S3 19 10·871' 62' 6o33' sS59 

176·181
1 

SS· 23J 1o·s7 sR! 0026
1
1' sBso 

176·77 S31 211 11·62[ s61 6o611 5897 

NIANTILIK HARBOR, CUMBERI,AND SOUND. 

1~1 I r812. I I r812. r812. 1812. 

I 'R II Sept. 17, 218°611 S3 21 2'01 63 '49BSS90 -8 +542 -3 +13 734 -6 ·5002849 

R I 

::j :~:I 
L3 30 1'22 64 6813 -II +S7S -4 +13 729 -6 to¢ 

A6 R I S2 31 2·58 621 6547 -II +sis -2 +13 728 -61 0774 

I I SOOIS.73 

WASHINGTON, D.C. 

I 

182/· 1-:;i r823. r821. r823. 1821. I 1821. 1821. r823. 

I A.i R II Oct. IS 299·6s 297'69 S3 21 16·41 6o ·soo8357 ·soos.i12 - 8 -s9 0 +101 +48 -6 •5oo838s ·sooSJ87 ·soo8386 

2 A4 D II 16 298'89 297'o6 S3 21 16°63 S9 8378 8430 - 8 -68 +1 +101 +48 -6 8398 8397 83.,S 

3 As R I 16 37S'33 372'48 53 19 16'93 sB 6670 6721 - 8 -81 +2 +101 +48 -6 6678 6676 66771 
4 As D I 16

1 
376·11 372·9s 52 20 16·97 6o 66s6 6712 - 8 -83 0 + 93 +39 -6 6652 6654 6653 

s A6 R I 17 3¢·87 393·84 SI 19 17'03 6o 6307 6356 - 8 -Ss 0 + 93 +39 -6 6301 62<)6 6298 

6 A6 D I 17 3¢·02 392·62 S3 27 I7'IS 6o 632i 6376-n -90 0 + 93 +39 -6 6307 63o8 63o8 

I 
·50071~1 ·soo7120 

---
·soo7120 

•In these cneca tho temperature correction with chronometer 1823 ie one unit (7th decimal place) larger than that given. 
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TADLE 4.-Summary of corrected periods. 

! 

i 
Periods. 

Station.' Date. 

Differences from mean j 
(7th decimal place). 

I 
! 

I 
I 

I 
I 
I 

Pendulum Pendulum Pendulum I Mean of 
A4, knife- As, knife~ A6, knife- three pen-
edge II. edge I. edge I. dulums. 

; 

A4. As. A6. 

----·· I -·- -----I 

I895. s. s. s. s. 

Washington Jan. 11-Jan. I3 ·5oo83¢ ·500668I ·5oo62<j8 ·5007I25 
Austin (capitol) Apr. 29-May I I0504 8772 8403 09226 
Laredo May Io-May I2 Io992 9315 8954 09754 
Galveston I May 2I-May 24 I0544 8820 8440 09268 
Austin University, prime 

8786 I vertical June 5-June 7 I0510 8420 09239 
Austin University, meri-

dian June Io-June 12 Io5o6 87861 8426 09239 
New Orleans July 23-July 25 I0396 8690 83I9 09135 
Washington Aug. 2-Aug. 4 o838o 6662 ! 63IO 07117 
Calais Aug. 2I-Aug. 23 0706o 5340 1 4984 05795 

1271 444 827 
1278 454 823 
1238 439 8oo 
1276 448 828 

1271 453 819 

1267 453 813 
1261 445 816 
1263 455 8o7 
1265 455 8II 

I896. . 
' 

Washington Jan. 21-Jan. 24 o8383 6668 6315 
I 07122 

Key West Feb. 8-Feb. IO 11320 9584 9226 10043 
Charleston Feb. 25-Feb. 27 09826 8124 7753 o8568 

1261 454 8o7 
1277 459 817 
1258 444 815 

Atlanta Mar. 7-Mar. 9 09890 8170 7816 o8625 
Little Rock Apr. 4-Apr. 6 09390 7668 73o8 o8122 
Washington June 22-June ·24 08392 6665 6305 07121 
Sydney July II-July 12 00805 5o8o 4710 05532 
Ashe Inlet July 25-July 26 03283 1551 1172 02002 
Umanak Aug. <J-Aug. 12 02032 0336 ·4999935 00768 
Niantilik Sept. 17-Sept. 18 02849 1096 ·5000774 01573 
Washington Oct. 15-0ct .. 17 o83921 6665 6303 07120 

1265 455 809 
1268 454 814 
1271 ' 456 816 
1273 I 452 822 
1281 I 451 830 
1264 "' 1-!U 1276 : 477 ' 799 
1272 ! 455 I 817 

TADLE 5.-Values of fJ computed from each pend1tlum. 

Station. 

I. Washington (Coast and Geodetic 
Survey) 

2. Austin (capitol) 
3. Laredo 
4. Galveston 
5. Austin (University) 
6. New Orleans 
7. Calais 
8. Key West 
9. Charleston 

. I 
gin dynes or centitnetres. (3d decimal place). 

Differences from tnean I 
!---------------,------- -------------

[ Pendulum : Pendulum I Mean of / I ; Pendulum 
A4· As. A6. pe1W~l~ms. A4. . As. ' A6. \ 

I i 1--1 
979·276 
979·001 
979·262 
979·2681 
979·309 
98o·618 

[98o·098) I I 
979·274 -·004 I +·002 
979·o68 + 132 + 40 I 
979·258 

+·002 
+ 7 
-- 4 

979·269 0 - 2 I + I 
979·310 - 2 + I . + I 
980•617 + 2 0 II - I 

I
. IO. Atlanta 

1 I. Little Rock 

1 
12. Syrlney • 

979·270 
979·o8c 
979·255 
979·269 
979·312 
980·615 
978·952 
979·535 
979'5II 
979·700 
98o·720 
982· 101 
982·592 
982 '27 l 

979·276 
979·004 
979·258 
979·271 
979·309 
98o'617 
978·957 
979·527 
979·509 
979·700 I 
930·719 

978·9581 
979·534 
979·5091 
979·708 
98o·722 . 
9s2'l IO I 
982·597 1· 

982·267 

978·956 + 4 - I , - 2 
979·532 - 3 + 5 . - 2 
979·510 - I + I I + I 

979·707 + I -++· II I = 
98o'720 0 

I 

2 I 
13 Ashe Inlet 

manak 
iantilik 

-----------

982·I04 I 
982·581 
982·282 I 

982 · 105 + 42 I + I I -
982·590 1 ·- + 9 -
982·273 + 2 • - 9 1 + i -----------------------

~ I 

In table 6 is given a general summary of the results, with geographical positions aud (\leva­
tions of stations, estimated surface densities,1 . reduction to sea level, and comparison with the 

1The surface densities have been taken from the following Hto.tement furnished by Mr. G. K. Gilbert, geologist, 
United Stu.tee Geological Snrvey: "lllemorandum on specitic gravity of rocks underlying certaiu gravity stations." 
In t.be preparation of this memorandum no attempt has been mnde to examine ancl weigh samples of rock from 
the various localities, but ·general descriptions of t.he rocks have been obtained from various colleagues acquainted 

I 
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same theoretical formula as before (seep. 24, App. 1, Report for 1804). The reduction to sea level 
was made by two methods, as in tile last report of the International Geodetic Association,2 first, 
using Bouguer's formula., and second, omitting the attraction term in this formula. In the colunms 
of residuals + indicates an excess in the observed value of gravity and - a defect. The greater 
part of these stations are near the coast and at small elevations above the sea, so that the direct 
reduction to sea level is of minor importance. They are not so situated as to give much evidence 
on the question of the introduction of other metl10ds of reduction to sea level, such as were 
referred to in discussing the work of 18!)4.a 

TABLE 6.-Smn11uiry of gravity results, ·1oith rud1wtion to sea level, and comparison with theoreUcal 
formula. 

[H.,ault8 for u expre::\8c<l in dyn~s or ccutimetros.] 

I 
: ! I I Reductions to sea I g reduced to sea I R "d al 

I 

1 ' level. ! level. t:st 11 s. 
, Sur- I Th.eo-

La titude 'Longitude ~~:-1 face 1f,. I I I- \:,:;~1~1 
: -----1 

north, west <?f tiou d~n- o Eleva- Attrnc Topo-, Bou I Attrac-1 con1- 'I 
Greenwich.I H. s1ty served. tion lion graph- u~r;s tion puled 

I I I 
B. I H H30 ical lr~rmuia te_nn I go. 'g1-go'C•-Co 

2/l- I 2g--4";i co.rrec- I onuttcd I I .

1 I 

y y t10n. gi. g.. ' 

No. Station. 

Nortlleru coasts. ,_o ,-,, 1-:--, "!~•-:-j---1-1-1--1---,.-:-l-I 
14 Umanak, Greenland : ;o 40 29 52 08 21 10: 2·6 I 982·5901·+ ·003 - 0001 1.+ ·002 982·5941982·595 982·632 :- ·038 -·037, 

15 Niantilik, Cumberloml: I I I 
Sound 64 53 30 66 19 32 2·6 ; *982'273 :,. + ·002 - ·001 

1

1 + ·001 982'275 . 982">76 I 982'271 . + ·004 + ·005 

13 Ashe Inlet, Hudson I I 
Strait 62 32 48

1

. 70 35 20 I 15 2·6 :•982·1051·+·005 - ·002 -·001 98.-109 982'111 95.-104,1+·005 +·007 
12 Sydney, Cape Breton 46 o~ 32 6o 11 4" 11 2·35 : c;..'io·720 + ·0031- ·001 I ·ooo ¢o·722 ¢o·723 1 9So·7321- ·010 - ·009 

7; Calais, Me. 45 11 11 . 67 16 ~ I 38 .1 2·6 .. II ¢o·617

1

.

1

+ ·012

1

- ·004

1 

·ooo 9&>'625

1

: ')80·629 ! 9&>'647 - ·02~ - ·018 

I A I/antic a11d Gulf coasts. 

1 ' Washington, D. C. ( C. 1· I I I 
& G. S.) 38 53 13 .

1 

i7 oo 32 14 2·3 ¢o·098 .+ ·004 j- ·001 1
1 ·ooo 9So·101 98o·102 9So·o87 + ·014 + ·015 , 

9 Charleston, S. C. 

8 Key West, Fla. 
6 New Orleans, La. 

4 Go.lvesto11 1 'l'ex. 

Interior stations. 

10 Atlanta, Ga. 
II J,ittle Rock, Ark. 

; 32 47 14 i9 56 03 6 2·3 979·5321+ ·0021- ·001 ·ooo 979·533 979·534 979·570 1- ·o371- ·036 ! 
! 24 33 33 : 81 48 25 2·6 978·956 ·ooo ·ooo I ·ooo 978·956 978·956 978·952 .+ ·004 + ·004 

29 56 58 ·190 04 14 2·3 979·310 .+ ·001 ·ooo ·ooo 979·311 979·311 979·3441- ·033 - ·0331 

I ~ .• " . " " ~ ,., •W'>• ;+ ·~· I -1 ·~ OW'W I "'.'" ·~- -.,,,, -.,,,, 
33 44 58 84 23 18 324 2·6 979·510 I+ ·100 - ·035 i ·ooo 979·575 l 979·610 979·649 I'- ·074 I- ·0391 

Austin, Tex. (Univer-
34 44 57 92 16 24 89 2·4 979·707 + ·027 - ·009 ,

1 

·ooo 979·725 I 979734 979·732 , - ·007 I + ·002 \ 

sity) 30 17 11 97 44 14 189 2·5 979·269 +·058 - ·020 : .ooo 979·307 979·327 979·370 I- ·003 - ·043 J 

2 Austin, Tex. (Capitol) I 30 16 30 97 44 16 170 ' 2·5 979'274 . + ·052 - ·0181 ·ooo 979'3o8 · 979·326 979·369 I- ·001 I - ·043 

3 Laredo, Tex. 27 30 29199 31 12 129 ! >'35 979·o68 I+ ·040 !- ·013 ·ooo 1 979·095 I 979·1o8 979'16o :-'o65~ 
*Approximate results only. 

with the localities, and the specific gravities havo been inforreil from thu upparnut similarit.\·~f such rocks to rocks 
of known density. 

I. -A:&tin, Texas 

Laredo, Texas 
I Galveston, Texas 

New Orleans, La. 
Calais, Maine 
Key West, Fla. 
Charleston, S. C. 
Atlanta, Ga. 

Little Rock, Ark. 

Locality. 

Sydney, Cape Breton 
Ashe Inlet, Hudson Strait 
Umanak, Greenland 

Ninntilik, Cumherland Sound 

Character of rock. 

Chalky limestone, solid limestone 
Sandy shale 
Unconsolidated sediment• 
Unconsolidated sediments 
Granite 
Limestone 
Unconsolidated sediments 
Gneiss and intrusives 
Shale 
Sandstone, shale 
Gneiss 
Gneiss 
Gneiss 

--· - -- ---- .. I Density .1 

2·5 I 
2 ·35 
2'3 
2 ·3 

2 •6 
2 •6 

2'3 
2'6 
2·4 

2'35 
2'6 
2'6 
2 •6 

z Ber1cnt ul.Jer clie relativen Messungen der Sch werkraft mit Pendelapparo.ten von Professor Hahnert. Yerhand­
lungen der elften allgemeinen Conferenz der Internutionaleu Erdmessung, Berlin, 1895. 

3 For some general considerations in connection with o. part of these grnvi ty l'esults see paper Results of Recent 
Pendulum Observations, American Jonrnal of Science, Vol. I, Murch, 1896, p. 186. 
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Comparison of periods at Washington.-A comparative table of the periods of this set of 
pendulums as determined at different times at Washington was given on page 19, Appendix 1, 
Report for 1894. This comparison may now be extended as the same pendulums have been swung 
at Washington five times in 1895 and 1896, using similar methods. To compare the results, 
however, two corrections must be applied to the periods for 1894 and January, 1895, as already 
published. To allo,.v for the fact that in the later work pendulum A4 was swung on knife-edge II 
instead of I (as in 1894) 0•·0000013 must be subtracted from the perio1l of A4 as previously given. 
To allow for the change in zero point of thermometer 6604 (referred to under "Instruments"), 
assuming that this change took place previous to 1894 (the first determination of the thermometer 
corrections being four years previous) +0•·0000003 must be added to the J)eriods of all three 
pendulums as previously given. Applying these corrections to the 1894 determinations the 
results are collected in table 7. These show a total range in the mean period of the three 
pendulums of 0•·0000008, and a range in the yearly means of only 0••0000001. When it is consid­
ered that these pendulums during the interval of two and one-half years covered, have been swung 
at fifty stations (including Washington) and have been transported many thousand miles by 
rail and ship, the permanency of period is certainly satisfactory. Whether this constancy of 
the pendulums can be ascribed to the reversed position of knife.edge and plane adopted in this 
apparatus there is little evidence to determine, as there are no series of observations with the 
other form of pendulum corresponding either in length of service or in the method of eliminating 
irreguladties in the chronometer rates. 'fhese results further indicate that if variations in the 
force of gr~vity at any one locality are looked for, the experimental work must be on such a plan 
as to accurately develop minute differences in period. 

T ADLE 7 .-Summary of periods at Washington. 

Corrected periods. Differences from mean 
Approxi- (7th decim" 1 place). 
mate av-

No. Date. erage Menn of tempera- Pendulum Pendulum I Pendulum three A4· As. A6. tu re. A.j. As. A6. pendulums. 

-- ------
1894. oc. s. ' s. I s. s. 

I Apr. 25-Apr. 27 16 ·5oo8396 ·5oo6665 ·5oo6303 ·5007122 1274 457 819 
2 May lo-May 12 19 8394 6669 6307 7123 1271 454 816 
3 May 31-June 2 17 83g8 6667 6305 7123 i275 456 818 
4 June 23-June 25 23 83g8 6665 6305 7123 1275 458 818 
5 Oct. 31-Nov. 2 17 8390 6659 6309 7120 1270 461 811 

---
Means for 1894 8395 6665 6306 7122 

18<)5. 

6 Jan. II-Jan. 13 II 8396 6681 6298 7125 1271 444 827 
7 Aug. 2-Aug. 4 , 21 838o 6662 6310 7117 1263 455 8o7 -------------

Means for 1895 8388 6672 6304 7121 

1896. 

8 Jan. 21-Jan. 23 II 8383 6668 6315 7122 1261 454 8o7 
9 June 22-June 24 22 $392 6665 6305 7121 1271 456 816 

10 Oct. 15-0ct. 17 17 8392 6665 6303 7120 1272 455 817 
---

Means for 1896 8389 6666 63o8 ' 7121 
I ! i - --·----

Check determinations at A1tstin.-At Austin, Tex., three independent determinations of the 
periods of the pendulums were made, opportunity to tlo thiR being afforded by the fact that . .Austin 
was used as one end of several of the longitude determinations on which the writer was engaged. 
On April 29 to May 1, 1895, the pendulums were swung in the basement of the granite capitol of 
the State of Texas. The apparatus was then taken to Laredo and Galveston, and brought back 
to Austin again, where on June 5 to 7 obser.vations were made in the basement of. the State 
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UniYersity, the pendulums being swung in an east and west plane. On June 10 to 12 they were 
again swung in the same location at the State University, but in a north and south plane. To 
compare the observations at Austin allowance must be made for the fact that the location at the 
University was 19 metres higher than, and 41 seconds of latitude north of, that at the capitol. 
To reduce to the university the correction to the periods at the capitol is +0•·0000008, being 
+o•.0000010 for elevation and -0•·0000002 for latitude. Applying this correction to the periods at· 
the capitol the observations give the following corrected periods: 

I 
Mean of 

Station. 1895. A4 As. A6. three pen-
dulums. 

s. s. s. s. I 
CaJ?itol (reduced to university) Apr. 2crMay I ·5010512 ·5oo878o ·5oo8411 ·5009234 
Umversity, prime vertical June 5-June 7 10510 8786 8420 9239 
University, meridian June lo-June 12 105o6 8786 8426 9239 

A comparison of the results indicates, as was anticipated, practically no .differeuce in the 
periods of the pendulums due to the direction of the plane of oscillation. They further show a 
difference of only the millionth part in the independent determinations made at Austin at different 
times and in diffo.rent places. 
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APPENDIX NO. 7-1897. 

NOTES RELATING TO SELF-REGISTERING TIDE GAUGES AS USED BY THE 
UNITED. STATES OOAST AND GEODETIC SURVEY. 

By J.1", PRATT, Assistant. 

The first self-registering device used by this service, and undoubtedly the first use"d in 
America, for continuously and automatically recording the exact time and actual rise and fall 
of the surface of water caused by the various tidal movements at its locality, was used at 
Governors Island in New York bay and harbor during a portion of the year 1844, being kept in 
operation during the winter of 1844-45. The report for the latter year states that it worked 
"moderately well," but adds that "the mechanical execution of the screw, upon which the 
working of the machine depends, was not sufficiently perfect for this purpose and has caused 
some stoppages in the apparatus," and concludes, "a self-registering gauge devised by Mr. 
Saxton, of the office of weights ancl measures, seemed so much more perfect than this that it 
was determined to make trial of it before causing other gauges to be constructed." 

This second, or "Saxton," gauge was evidently adopted and used in 1845, and its use 
continued as the gauge of this service for forty-five years. It is fully described and illustrated 
in Appendix No. 38, Report for 1853. The accompanying illustration, made from one of the 
later ones constructed, shows its general appearance. During this long period of service very 
few changes in form of construction were made. The earlier ones were largely made of wood, 
whereas in the later ones metal was substituted where practicable, the1 most essential change 
being made about 1877, when patent-lever escapements supplanted the seconds pendulums of 
the clocks, as the latter proved troublesome when the gauges had to be used on exposed 
wharves that had much vibration. 

Briefly, the ~'Saxton" gauge operates as follows: 
Two movements are provided for, the first being a uniform movement in proportion to the 

time, and the second a movement at right angles to the former and strictly proportioned to the 
rise and fall of the water at its particular locality, the resultant of these two movements 
producing a continuous curve on a sheet about 13 inches wide and of sufficient lengtl. to last 
about a month. 

For the first movement a clock is connected, by au adjustable clutch, with a cylinder, over 
which the continuous paper passes; this cylinder, thus driven by the clock, revolves uniformly 
once in twelve hours; ·projecting from the surface of. this cylinder, and near each of its 
extremities, is a row of 24 equidistant sharp points, which puncture the edges of the continuous 
sheet with dots representing half-hour intervals. These points, by means of the adjustable 
clutch, are made to correspond to the bands on the face of the clock and serve to propel the 
·paper along at the same rate tbat they are moving, unwinding it from the supply roller and 
allowing it to be wound upon the receiving roller, a tension on the former being caused by its 
winding up, on a spool attacbed to one of its ends, a cord to which a small weight is imspended, 
and on the latter roller, by another cord to which a somewhat heavier weight is n.tta.cbed, 
unwinding from a similar spool. This latter weight serves not only for tension, but also to 
wind the paper up as the time cylinder relieves it. 
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For the second movement a copper float, hermetically sealed, is allowed to freely float in a 
vertical box or tube whose inner diameter is somewhat larger than the diameter of the float, and 
which has a controllable inflow and outflow at its uottom, to prevent undue motion of the float 
caused by waves. To the top of the float is attached a copper wire leading up through the float 
box or well, and wound up on or m1wound from the large receiviug wheel, a sufficient tension to 
tliis wire being maintained uy a counterweight acting on a smaller wheel fixed to the receiving 
wheel shaft. On ·the receiving wheel shaft a small cylinder is fixed, and the scale iu height of 
the record or curve is the relation between the circumference of this small cylindrical wheel and 
that of receiving wheel. 'l'his proportion is so made as to cause the record curve to fall bet ween the 
two marginal lines of dots. By providing each gauge with several of these cyliuders of different 
sizes, each to a specific scale, ti.Jc same gauge can be used in successive localities where the amount 
of rise and fall may differ very materially. A fine chain or wire, atfalcl.Jed to and winding on the 
small cylinder, leads vertically to a small pulley, over which it is deflected to a horizontal position 
and attached to the pencil carrier which is so constructed that it can move uack and forth along 

M 

~D 
Fig.1 

a guide transversely to the lines of dots. A cord 
leads horizontally from the opposite side of the 
pe11cil carrier and passes over a second and oppo­
site deflecting pulley to a pencil counterweight. 
As the tide rises the float wire is wound up on 
the receiving wheel uy its counterweight, which 
at the same time unwinds the fine wire from the 
small cylinder, thus permittiug the pencil coun­
terweight to draw the pencil a distance propor­
tional to the actual rise of the float. When tlie 
tide falls the foregoing movements are reversed. 

In 1890, after a trial of alwut four years of a 
sample one, a tide gauge designed by Mr. A. 
Stierle, assistant, United States Engineer Corps, 
was atlopted, principally on account of its being 
more compact and portable, its record ueing 
identical with that of the" Saxton" gauge. It is 
described by Mr. Stierle as follows: 

The principles of the gauge are not new. 'Vith a 
plain eight-day marine clock ("Seth Thomas") is con­
nected, by a clutch, a light brass drum or cylinder, A, 
around which the recording sheets are laid, over which 
the continuous paper passes, as one or the other, respect­
ively, is used. This cylinder revolves twice in twcnty­
four hours, or only once, if so ordered, and is provided 
upon its surface with two rowH of needle points, each row 

(of twelve points) being near 0110 eud of the cylinder, which puncture tho paper and thus mark the time abscissas, 
either of one or twohonrs' duration. The cylinder can be lifted out of tho frame after the clutch connecting it 
with the clock has been moved back. 

The Yariations of tho water level are transmitted directly by a copper float, D, and a thin brass band, E, upon 
the periphery of a deeply grooved wheel, F, exactly 1 foot in circumference, whose projecting double flange shows 
throe cycloidal notches which extend to t110 bottom of the grooved rim. The rectilinear distance between these 
notches is 4 inches, and corresponds with tho distauce between the small crossbars riveted upon the flout band E. 
The wheel I•' fits loosely upon the end of tho screw G, made of phosphor-bronze, but can be jammed with tho nut H. 
The screw G itself sets loosely between tho framework, anll, together with tho wheel F, revolve!! as the float D rises 
or falls, and thereby causes the pencil holder I, which with its threaded core embrncrs the screw, to morn righ't or 
left at the rate of 1 inch for every foot the float ascends or descend8 with tho rise or fall of the water level. 

By a combination of a few parts closely connected a constant record of tho height of a water level is thus · 
transmitted and red1rced upon the recordiug paper with great accuracy, an accuracy which under all conditions 
remains tho same and ill measurable if the const.antll are lirHt determined relath·e to the chauges in tho floating liuo 
or line of submergence on the float nt different st:tges of water, and those relating to the exact length of the float 
band E, the circumference of tho wheel F, and the pitch of the screw G. Tl1e play or "backlash" of the mccl1anism 
when in motion is very small and can be accurately measured. 

It may be nddod here that the Hoale of reduction as projected upon the recordiug sheets may be mndo of any 
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proportion by changing the pitch of tho sorow G or the diameter of the band wheel :F, and that tho gauge can be pro­
vi<led with any number of screws or bau<l wheels corresponding to various scales. 

On the rear of tho fr11.me, an<l upon tho same liorizontal piano with the screw G, a gmduatod rod, J, is placed, 
upon which is clamped the J.>encil holder K, for tho so-en lied stationary pencil. This pencil traces upon the recording 
sheet any assumed or established reference or base line, usually tho zero of a tine staff, from which the ordinates of 
a cun·e representing tho water level can bo readily measured. The copper float D rises arnl falls with the water 
level in a Aqua.re box, the interior clear area of which is about lit inches larger in width than tho diameter of the 
float, its length being such as to reach about 1 foot below tho lowest known water level of the locality und about 6 
inches above the floor of tho house in which the gauge is set. The box is closed on the lower end (if in muddy water, 
preferably somewhat funnel-shaped), a small opening not over one-half inch in area being loft in the center. One of 
the interior corners of tho box is divided from the rest by a thin strip of wood extending the full length of the box, 
forming tlrns a separate compartment, in which tho counterweight attached to the float baud moves up and down. 

\Vhen t.ho gauge is ensy of access and is to re<'ord fluctuations of a. water level which nro not very irregular 
and yet of grent range, It is more economical and also more convenient for a rapid compilation of results to use 
sin~le sheet:! for recording instcacl of continuous paper. These sheets nre held upou tho cylinder A by rubber 
bnnds and should be rn inches long, lapping abotit 1 inch at tho edge, in a direction opposite to which the cylinder 
morns. Tho manner in which coutirmous pnper is att1whed and used has been referred to abo,·o and shovn on tho 
accompanying engraving. It remains, howoYor, to follow somewhat in detail ita movement from one roller to the 
other when tho gauge is running. Tho imper moves in tho same direction us the hands of a clock and is drawn along, 
as it were, by tho needle points upon the cylinger A. This mo,·emeut is materially assisted, but not aoeelerated, by 
a light counterweight, )1, which is su8peuded from a shoo.Ye or pulley, N, fitted upon the axle of the wooden roller C. 
The cord is fastened with one end to the hub of the sheave N, and is coiled or wound upon the latter in such a manner 
that it mnst unwin<l as tile vapor rolls upon tho roller C. The free end of the cord is then simply.laid over the 
opposite pulley, O, on the roller ll, an<l both pulleys are clamped tightly upon the axles with the set-screws. Tho 
weight 111 causes o. slight tension in the paper between the roller und the cylinder A. and thereby assists in laying 
the paper evenly nnd smoothly upon tho roller C. lly laying the end of the cord from which the weight 111 is 
suspended over. the pulley O, tbe 111itli11g friotion caused thm:eby retards tho movement of the pulley slightly and 
prevents the puper from being unwound too mpidly from tho roller B. 

It is impossible to space the ueecllo points on the cylinder A exuctly 1 inch apart. The slightest difference in 
that respect is multiplic1l npon u long sheet of pupe1'. Every gauge, therefore, should have its own scale of abscissas, 
con~trncted upon a strip of pnper, using tho punctures mnde by the needle points as unite. 

The "Stierle" tide gauge as described has been modified by this service from time to time, as 
deemed advisable and ad van"tageous. The two accompanying illustrations (plates 4 and 5) show 
its appearance as modified to date. The following are some of the more important changes: In 
18t12, on the recommendation of Assistant E. E. Haskell, the use of the "deeply grooved" sprocket 
wheels and the "float band" was discontinued, and a grooved or screw float wheel and small 
copper or phosphor-bronze float wire substituted. By this arrangement, with the present size of 
float, the line of flotation or submergence remains practically constant, and, besides, the annoyance 
and loss of record caused by the sprocket band riding upon the rim of the sprocket wheel, which 
occurred. from time to time, is avoided. 

In 1894 an attachment, designed by Mr. l!'. M. Little, of the tidal division, for more accurately 
keeping and marking the time, was applied. In the original form the single clock bad, in addition 
to keeping time, to 'propel the "drum or cylinder" carrying the paper, this being at different 
stages a fluctuating load, causing the clock to gain or lose, it being almost impossible to regulate 
it so that it would keep correct time for an exteuded period. This "hour-break" attachment, as it 
is cailed, consists or'an additional and indepe.udeut clock, that simply has to keep time, and the 
break mechanism, actuated by a clock spring, that the time-keeping clock trips at the end of every 
hour. On the back of the time clock and attached to its minute silaft is an arm which at the eud 
or beginning of each hour trips the trigger projecting from the break mechanism. This permits the 
crank, working in the slotted arm, to make one revolution. This slotted arm is fastened to the 
end of the lower rod, which is the axis of the frame. Over the upper rod the hook from the peucil 
carrier hangs, but not in contact, and the pencil holder is pivoted in the pencil carrier so that the 
l)encil can be rocked, allowing its point to trace a line about 5 millimeters long and parallel with the 
length of the paper. The pencil is held in its normal position by a small spiral spdng, one end 
being attached to tile-pencil l.10lder and the other to tlle pencil carrier. At the end of every hour 
the time clock releases the trigger, and thus the break mechanism rocks the frame over which the 
pencil-holder hook bangs, causing tlie pencil to move back and forth, thereby recording the hour 
exactly, regardless of what the rate or time of the driving clock may be. These hour breaks are 
shown on the accompanying reduction of a tidal record. (Fig. 2.) 
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The foregoing attachment has proved so satisfactory tbat it is now considered indispensable. 
Subsequently the ends of the screw along which the pencil carrier traverses have been turned 

down, so that in case of an abnormal tide, greater than provided for by sPale, the nut to the pencil 
carrier runs off the screw, permitting it to· freely turu. When the tide turns and the motion of 
the screw is reversed, the fl.at spring, with an aperture in its free end against which the nnt l1as 
been pressing, forces the nut back so that the screw takes it again. As originally devised, when 
the nut reached the end of the screw it jammed against the frame of the instrument and stopped 
the movement of the screw and float wheel, and as the tide continued to rise the float band or wire 
would become slack and run off the wheel, thus disarranging the gauge until the next time that 
it was visited by the observer. 

The tension to the supply roller, for the purpo8e of holding the paper back straight and taut 

~ . . . 

F-0· 2 
.Appea:ran.ce of' t;idaL shPet on- 1oefbi.L-ed., scale skowing bo£h tJw"m.ars-c,nal pu:ncturcs" 
and the .. hour breaks n 

is now made by a flat spring bearing up under the supply roll, instead of by a weight, as described 
by Mr. Stierle. 

More recently the forms of the supply and receiving rollers, as can be seen in the plate showing 
the clock faces, have been radically changed. The openings through the center of the rolls as 
received from the manufacturers vary somewhat, and the supply roller is now constructed with 
springs at each end to fi.Utbe varying diameters and always keep the roll concentric with the axis 
of rotation. 

The receiving roller is now made tubular, with a narrow slit cut longitudinally its entire 
length. In starting, the end of the sheet is introduced into the slit, held by moderate pre:;sure 
at its middle point, which, as the paper is wound up, enables it to readily adjust itself square 
with the-direction of moti<m, thus preventing it from riding up on one side, turning.an edge over, 
.or jamming. The changes as described and illustrated were made to gauges of the " Stierle" 
pattern already in existence; as it becomes necessary to provide more, the proportions, forms of 
castings, etc., will be made, so as to reduce the number of parts, making the instrumeut more 
simple in general appearance, and, as there will be nothing then to undo, less expem1ive to 
construct. 
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prA~ffAL OF Tums.] 

PREFACE TO PART I. 

·when the plan of this Manual of 'fidos was propose(l it was considered best to prepare Part 
Ill in advance of Parts I aud ll. The reasons for this at;e stated in tho prl'face to J>art III, which 
appeared in the H.eport for 18!)4~ where a brief outline of the several parts ma~' he found. 

Before attempting to point out the contributions of individuals to the subject of the tides, it 
has seemed best to give, as an introduction: (1) the defiuitions of terms of .common occurre11ce; 
(2) a clear idea concemiug the movements of fluid particles in simple 'vave motion; (3) a popular 
account of th~ cause of the tides; (4-) the geueral properties of tides, and tidal inequalities 
together with means of ascertaining tbem. 

In the chapters which tben follow 110 attempt is made to include the histories of those sciences 
(e.g., astronomy and hydrodynamics) with which all stuuy of the tides is closely connected, nor 
is it even attempted to give anything like a catalogue of tidal workers, or a full account of their 
works; but these chapters aim to give, in a nearly chronological order, some account of such results, 
work, or theories as may seem worthy of notice, generally because they mark some advance in the 
development of the su'Qject, but sometimes either because they illustrate certain errors into which 
iudividuals have fallen or simply because they show the notions which have been entertained in 
the past. 

As a rule direct quotations are taken in preference to comments whenever they seem to serve 
the purpose in hand. 

A vague rule for deciding how far to describe or carry out the work of those individuals wbo 
have made extensive or profound investigations in connection with the tideH, has been to either 
omit or to barely state such portions of their work as will probably he resumed or at least referred 
to in subsequent parts of this manual. But those portions of their work which will probably not 
recur, or not recur uncha,nged in form, have been g·iven or described in gTeater detail, especially 
if they are well known or useful. 

Concerning the work of Thomson aud Darwin, it may be said that a large portion of it will 
of necessity appear as we proceed. When this is uot the case, reference will be made at l)roper 
times. For this reason it has seemed uuwise to llere attempt auy comprellensive or minute account 
of their labors. 
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APPENDIX NO. 8-1897. 

l\IAXUAL OF TIDES-PAWr I. INTH.ODUCTION AND HISTORICAL TRBATMENT 
OF THE SUB,JECT. 

By HOLLIN A. HA.RltIS. 

CHAP'rEI~ I. 
DEFINITIONS. 

1. The principal movements of the sea may be divided into three classes: Ordinm·y or wind 
wai:es, tidal movements, aud ocean currents. The essential feature of any tidal movement is, as 
the name implies, its periodicity. The period may not be of co us taut leugth, but if variable it 
must follow some conceivable law. In conformity with this notion the word ti<le may be defined 
as the periodic rising and fulling of oceanic and other large bodies of water, due mainly to the 
attraction of the moon aud sun as the earth rotates upon its axis. This rising aud falling is 
accompanied by and depends upon a lateral or horizoutal movement of the waters; such move. 
ments are called tidal currents. Their periodic character distinguishes them from ocean currents. 
Uemarkable stages of the water level at a giveu place, whether due to earthquakes, gales, or other 
causes which probably have 110 defiuite law of recurrence, although popularly known as "tidal 
waves," can not be regarded as belonging to tidal phenomena. On the other hand, the stages of a 
river, if periodic in their nature, ma.y with propriety be included in its tides. 

2. The tide rises until it reaches a maximum height called high water, and theu falls until it 
reaches a minimum height called low water. These two phases of the tide may be spoken of as 
the tides. The difference between a high and a low water is called a range of tide, and so is 
independent of absolute heights; its average value is called the mean range (Mn). For a few 
minutes before and after high or low water, it is difficult to observe any vertical motion in 
the tide. While thus apparently stationary, the tide is said to stand. In this connection sec 
§ 15. 

For reasons to be given later, based upon the fact that the tides are due chiefly t-0 the differ· 
ence between the moon'R attraction upon the enveloping sea aud the earth as a whole, one would 
expect that at most tidal stations two high waters and two low waters would occur each lunar 
day; in other words, to each transit of the moon (inferior as well as superior) there would 
correspond one high water and one low water. On an average, the time of high water at a given 
station follows the time of transit by a certain uumber of hours and mizrntes, called the high-water 
interval (HWl), or high-water lunitidal interval, or corrected establishment. In like manner the 
low-water interval (LvVI), or low-water lunitidal interval, indicates, unless otherwise specified, 
the average number of hours and minutes between the time of transit and the time of low water. 
If intervals at some particular time are meant they should be properly distinguished by name 
or otherwise; or the average values may, for distiuction, have the word mean prefixed to their 
name. The establishment or vulgar establishment is the (apparent local) time of high water 
occurring at new or foll moon; or, preferably, and what is about the same thing, the high-water 
i11terv1ll when the transit (just preceding the tid~) occuri:; at uoon or mitluight.11< 

*'Cf. Lalnn<lc, Astronomic (1771-1781), Vol. IV., pp. 43, 314-319; Wliewcll, Pllil. Trans., 1833, pp. 163, 229, 230; 
Lubbock, ibid., pp. 19-21; Raper, Navig11tiou (18•l0), p. 261; Darwin, Admiralty ::.\la11u11l, iit.h ed., p. 55; Wharton, 
Hydrographic Surveying (1882), pp. 145, H9. 
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An inequality in interval, range, or height is a systematic departure of the same from its 
mean value. The extreme amount of this regular departure is sometimes caJled the coefficient of 
the inequality. 

3. Not long after new or full moon, the tidal effect of the sun is added to that of the moon. 
When this effect upon the range is greatest the tides are called spring tides (marces de vive ea1t). 
At any given place the retard, or inte:rval between new or full moon and spring tides, may be 
regarded as constant. Not long after the moon is in quadratur~, the tidal effect of the sun is 
taken away from that of the moon, and when the range becomes a minimum from this cause neap 
tides (marces de morte eau) occur.• Their retard at a given place may be regarded as constant, 
and it does not differ much from the retard of the spring tides, unless the water is shallow, in 
which case the retard (spring or neap), as derived from the high waiters alone, will differ from that 
derived from the low waters. 

The inequality, or apparent irregularity, in time or height introduced by the sun, and so 
dependent upon the moon's phase, is variously styled the semimenstrual, 11emimensual, semimonthly, 
or phase inequality; the last seems preferable for most purposes, because there are several kinds of 
month in common use, especially in tidal work, and the word "phase" suggests a connection with 
the age of the moon.t 

When the sun's tidal effect shortens the lunitidal intervals, causing the tides to occur earlier 
than usual, there is said to be a priming of the tide; when, from the same cause, the interval is 
larger than usual, there is said to be a lagging. 

A tidal day is the variable interval (2411 50'" on an average) between two alternate high or low 
waters. A more accurate definition is the interval between the mean of four consecutive tides 
and the mean of the succeeding or preceding group of four consecutive tides. 

The amount by which the tidal day exceeds 241i 50111 is sometimes called the "lagging of the 
tide," and the amount which it falls short the "priming." 

The amount by which corresponding tides grow later day by day (i. e., the amount by which 
the tidal day exceeds 2411 00111

) may be called the <laity retardation.t 
The retard, especially spring and more especially spring high-water, bas been called the age 

of the tide.§ If this term is to be retained, it seems desirable to suppose the age to have one value, 
and that such as to suit the neap as well as the spring tides, the low waters as well as the high. 
Moreover, instead of "age of the tide," the expression "age of the phase inequality" will generally 
be used in what follows. It will subsequently appear that, for deep water at least, the Iunitidal 
interval of such tides as happen to occur as many hours after syzygy as represent the age of the 
phase inequality, have their mean values. In other words, the spring and neap intervals are about 
equal to the mean intervals. Because of this fact the times of such tides as give mean intervals 
may be used in determining the age. Experience has shown that the ages as determined from 
heights or ranges do not agree with those determined from times (intervals).11 For this reason it 
seems best, wherever possible, to define it by the value obtained from the harmonic constants of 
the place and explained in Part III.fl 

. -- -- ·--··-------
•The spring and neap ranges are conveniently denoted by the symholA Sg, Np. Their connection with Mn is 

shown by the e.pproxime.te expressions (83), (84 ), Pe.rt III. When JI• has a large sbe.llow-water part (21\lS), as at 
Liverpool, so that 2 M0

2-S0.,-µ 0, is not near zero, it may be worth while to replaceµ, in those expressions byµ, co::1 
(2 .M02-S",-uo,). 

tThore are Home objections to the term "phase inequality" inasmuch na particular portions or aspects of the 
tide, such aa high water, low water, or an intermediate time, may be referred to ll8 itM pbaseH. Again, according to 
established usage, the phase of a wave, or oscillation, is the nngle upon which the displacements depend; e. g., the 
phase of the harmonic oscille.tion 

is the angle ct+ y. 
Y=C cos (ct+y) 

t Cf. Laplace, Mee. Ccl., Bk. IV, H 35 et seq. 
9 Cf. Whewell, Darwin, 'Vharton1 Joe. cit.; FeITel1 United Ste.tee Const Survey Report, 18751 p. 209. 
11 Airy Tides and ''laves, Arts. nH-547; Phil. Trans., 184H, pp. 53, 54. Ferrel, United States Coa1;t Survey Report, 

1868, pp. 55, 75, 76; Tidal Researches, pp. 174-199; United 8tates Coast Survey Report, 1875, pp. 209-212. · 
~Age of phase inequality oxpressetl m hours =0·984 (S,0 -)12°). Le.pince shows that (for Brest) the age obtained 

from heights near the syzygies (= 1 •51349 days) is very nearly equal to the age similarly determmed from heights 
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Since successive transits of the moon occur on an average 12" 25111 apart, the age cau be 
approximately expressed by stating the number of the transit preceding the tide to which the 
lunitidal intervals are to be applied.• Tile eftect of selecting an earlier transit is to increase 
the lunitidal interval by 1211 25m, Of course, by adapting the transits to a suitallle terrestrial 
meridian, any age can be allowed for. 

Another way of reckoning the age is by the hour of the moon's transit. The time of transit 
increases on an average 50"' daily, so that if the transit used for spring tides occur at 011 50111

, 

such transit follows syzygy by 2411• :But the tide follows tile transit by the lunitidal interval; 

. age= 24 x llO [hour ?f transit for] + ! (HWI + LWI) 
50 maxunum range - ' ( 1). 

Whenever the "hour of transit" exceeds 12\ 1211 must be r~jected. The sa111e formula is a<lapted 
to neap tide, by replacing the word'' maximum" by the word "minimum," and always discarding 
611 or 18" from the "hour of transit." t 

To infer the age from the time when the interval 'has, its mean value, replace "maximum" 
range by" mean lunitidal interval,"=~ (HWI + LWI). 

Some writers prefer to increase the age or retard, as defined above, by the high-water interval, 
because of the fanciful notion that they thereby obtain the interval between the transit of the 
moon and the appearance of the resulting high water. 

4. Other things being equal, the range of tide becomes a maximum soon after the moon is in 
perigee and a minimum soon after she is in apogee. At these times perigean and apogean tides 
occur.t The amount by which these effects follow their respective causes may be called the age OJ 
the parallax inequality. Like the age of the phase inequality it may be defined in terms of the 
harmonic constants.§ 

If this nge be approximately allowed for by selecting a proper transit, the lunitidal interval 
will, so far as this inequality is concerned, remain nearly constant throughout its period, which is 
au anomalistic month. 

If, however, the intervals be distributed under two arguments, the moon's phase and her 
parallax or anomaly, the departures from the average values of the intervals will depend upon 
both arguments. The phase inequality being known for a mean value of the moon's parallax, the 
tabular values just describe<l give, when diminished thereby, the parallax inequality in interval 
arranged under two arguments. Even when thus distributed, .the parallax inequality in time is 
small; but the parallax inequality in height is of considerable importance.\\ If a wrong age of 
the parallax inequality be taken (i. e., if the tides be referred to a wrong transit so far as this 
inequality is concerned), the inequality in interval will become greater.~1 If the tides are not 
classified with respect to the moon's phase (i. e., if they are classified with respect to parallax or 
anomaly only), the value of the parallax inequality in time will, as already stated, be small i( the 
transit used corresponds well with the a.ge of the parallax inequality.0 

5. In a similar way the effect of the moon's declination or longitude may be considered. Soon 
- --- ·-·- ·-------- -- --·--··- ---- ·-·--------·------- ·-----· ··-·-·---- -- . ----------------
near the quadratures (1.51116): Moc. Col., Bk. XIII, ~ 7. Ferrel's constants make the age from height.I 1 ·42 <layH nnd 
from intervals 1 ·87: United States Coast Survey Report, 1875, pp. 209-212. Tho harmonic constants make the ngo 
1'63 days. 

~Lubbock, Treatise on Tides, pp. 25-2il, or Phil. Trans., 1837, p. 97. 
t Because of tho moon's variation, 50m should be replaced by 51 01 for spring tides and by 49m for neup tides; 

but, as both spring and neap tides cim generally be usetl in determining the age, tlus becomes unneccssury. 
t The perigean and apogean ranges of tide urn conveniently denoted by Pn, An. 
~Age of para.Hex inequality= 1 •837 ( M,c _ N,0 ) hours. 
II E.g., Lubbock, Phil. Trans., 1836, pp. 58, 59; 1837, pp. 119, 133. Ferrel, United States CoastSuryey Report., 1868, 

p, 69. 
~ E. g. 1 Lubbock, Phil. Trans., 1834, pp. 144, Hi3; 1835, p. 286. 
••E.g., Ferrel, United States Coast Survey Report, 1868, pp. 60, 76, especially the low-water intervals. Herc the 

implied (parallax) age is al.tout 50" for th11 high waters and 5711 for the low waters. The harmonic constants giYo 5811 

for tho age of the parallax inequality. 
ll>1d., 1875, p. 196. Here the implied (parallax) ago for the high wnt.ers is 8h and for the low waters 14i11 • The 

harmomc constants g1vo 33h, As might be expected, the tabulated inequality (in time or interval) is somewhat 
greater than in the prececling instance. · 
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after the moon is upon the equator the greatest semidaily range of tide will occur, other things 
being equal, and soon after the moon's extreme declination, the smallest. If a transit be selected 
which corresponds well with the age of this inequality, the intervals will bP, as i11 the case of the 
parallax inequality, little affected by i.ts preseuce. There is one difference, however, and that 
is, the sun's declination has a direct effect upon the lunitidal intervals, even if the proper transit 
has been selected. The period of the sun's decli11ational inequality in the tides is, in the long 
run, the same as that of the moon's, viz., a half tropic mouth, and so the two can not be sepa­
rated in the treatment of a long series of observations all distributed under one argument-tlle 
moon's declination or longitude.• 'fhis combined effect may be styled the dcclinational inequality. 
Its age is pretty uearly equal to that of the phase inequality. 

G. Other irregularities in the motions of the moon and sun give rise to corresponding appiirent 
irregularities or inequalities in the tides. Among these may be meutione1l one depending upon 
the longitude of the moon's node, one upon the moon's evection, and one upou the sun's anomaly. t 

In ascertaining how the tide of a given day is disturbed by the inequalities, care should be 
taken to observe whether or not one inequality is involved in another. For instance, if the moon's 
anomaly is the argument for the parallax inequality, the tabular yalues (if dt>rived from a 
sufficiently long series of observations) will be free from the inequality due to the evection, :111d 
this latter may be tabulated and usl'd as an independent correction. If, however, the moon's 
parallax be taken as an argument, the inequality due to cvection, i.e., having the evectional period, 
must be small in comparison with its former value, because it is, for the most part, tabulated 
under the argument "parallax." So if we use the moon's longitude as an argument, the declim1-
tional inequality (semidiurnal) will, in the long run, be free from tl1e inequality due to the 
regression of' the lunar node. If, however, tlle declination of the moon, instead of the longitude, 
be used as an argument, the nodal inequality will be nearly allowed for. 

7. Diurnal inequality in height is the difference in height between two consecutive high waters 
or low waters.f 

Diurnal inequality in time or interval is the difference in length of two consecutive high watl'r 
intervals or low water intervals. · 

At most places the high water inequality (in height or time) differs from the low water 
inecp1ality. 

If the greater 11eight inequality be in the high waters, the greater time inequality will be in 
the low waters, and conversely. 

Wherever both of the height inequalities are small in comparison with the (semidaily) range 
of tide, the inequalities in time (interval) are very small. . 

These inequalities vary in valne throughout a half tropical month, and also a half tropical 
year. 

'l'he portion due to the moon may be computed and tabulated nnder the argument of the 
moo11's declination (as it was at a time anterior to the time required, determined by the age of the 
diurnal fnequ<tlity§). The portion due to the sun may be tabulated with the two arguments, the 
day of the year and the hour of the moon's (upper) transit reckoned from 0 to 24.JJ The combined 
effect of moon and sun may be made to follow the moon's declination and the day of the year. If 
this iuequality be comparable in size with the phase inequality, the two should be tabulated 
t-0gether, thus necessitating a table of three arguments, the two just mentioned and the hour of 
transit. 

If, however, we disregard the variation in the obliquity of the lunar orbit to the plane of the 
equator, two arguments suffice for the combined effect, viz., the hour of transit and the day of the 
year; for tliese two then infer the moon's right ascension and so her longitude or declination. 
The number ot' days from the moon's zero or extreme declination is preforable to the day of the 

• E. g., Ferrel, United States Coa~t Survey Report, 1868, pp. 60, 78; Ibid., 187f>, p. Hl7. 
t E.g., Ferrel, United States Coast Surve~' Heport, 1868, pp. 79-82. 
l At places where the phase inequality 1s large in 1·omparison with the dinruul, it hecome!I necessary to compare 

a given high water, say, with the mean of the imme<liately preceding and following high wnfors in order to put in 
evidence the high water dmrnal inequality; similarly for the low water inequality. 

11 E.g., Ferrel, U,nited Stiltes Coast Survey Report, 1868, p. 97. 
11 Ibid., pp. 100, 101. 



REPORT FOR 1897-P ART II. APPENDIX NO. 8. 329 

year as an argument. But for the variation in the obliquity of the lunar orbit to the plane of the 
earth's equator, very good predictious could be made from tables having these two arguments.• 

The diurnal wave is that portion of the tide whose period is approximately one day. Its range 
varies throughout the half tropical month and half tropical year. The maximum value of this 
range may be r~garded as occurring, in the long run, a constant number of hours (viz., the age of 
the diurnal inequa!ity) after the moon reaches her extreme fortnightly declination; at such times 
tropic tidest are said to occur, because for most places the moon is then near one of the tropics.f 
'l'he age of the diurnal inequality is such that if the times of zero declination be increased thereby, 
the range of the diurnal wave will be a minimum. This age, like the ages of other inequalities, 
may be expressed in terms of the harmonic constants.§ 

1'he diurual inequality is due to the preElence of the diurnal wave. A.t the time of the tropic 
tides, the diurnal inequality (time or height) may be spoken of as tropic. The inequality in high 
water heights is then denoted by HWQ and in low water LWQ. The larg·er one then has its 
maximum value very nearly; so has the quantity VHWQ2+ LWQ2, which is an approximate 
expression for the tropic range or the diurnal wave, aihl with greater reason. At places wbere 
H\VQ, say, is several times smaller than LWQ, the high water inequality when tropic tides occur 
may not have, even approximately, its maximum value. 

Of the four ranges of tide upon a day when tropic tides occur, the greatest is called the great 
tropic (Ge) and the least the small tropic (Sc). 

The mean range from all four tropic tides is the moon tropic range (Mc). II 
The great [diurnal] range (Gt) is the difference between the mean of all the higher high waters 

(HHW) and the mean of all the lower low waters (LLW) of each day during one or more half 
tropical months. 

The .~mall [diurnal] range (SI) is the difference between the mean of all the lower high watei·s 
(Lff'W) and the mean of all the higher low waters (HL,V) of each day during one or more half 
tropical months. 

It is sometimes convenient to distinguish between the four ranges, which at most stations 
occur upon any given tidal day, by means of the following terms: The great range, the small range, 
the high ra.nge, and the low range. (See Fig. 1.) At stations where the tide is diurnal there are 
but two ranges each tidal <lay, the great and the small. 

'rhe great tropic range and the lunitidal intervals connected with it can be observed even if 
the tide becomes wholly diurnal iu its character. So with the great diurnal. 

The sequence of Ude is the order in which the four tides of a. day occur, particularly the tropic 
tides. It may be expressed thus, "higher high to lower low," or ''lower low to higher high," as 

the case may be. 'fhe ff;~ee: expression indicates that (tropic) lower low water :~~~~~!s (tropic) 

higher high water without the lesser tides intervening. The time between (tropic) l~~~:e~ ~~~~1 

. lower low 
water and (tropic) higher high water must be taken as less than a half lunar day. At places 

where HWQ and L WQ are very unequal, the sequence, even of the tropic tides, may be differe11t 
for different seasons of the year. 

The type of tide is its characteristic form. It is generally indicated by the sequence of tides, 
the ratios of the t.ropic diurnal inequalities, and of the spring range, to the mean range. For sllal­
low waters, however, in rivers especially, the duration of rise or fall may become very important. 

* E.g., Lubbock, Phil. Trans., 1836, pp. 65-73; 1837, pp. 109-1181 126-130. Bache, United States Coast Snrvey 
Heports, 1854-1864, "Tide tables for the use of navigators." 

t Cf. Airy, Phil. 'rrans., 1845, pp. 44-46, whero approximate values of the tropic semimnge of the diurnal wave 
nre giveu on the conatB of Ireland. The word tl'opio wus officially adopted by the Coast nnd Geodetic Survey, 
Dec. l!l, 18!l4. 

t The constB of Europe form an exception, the age l>eing from 2 to 6 or more days. Whewell, Phil. Trans., 
1837, p. 81. 

~Age of diurnal inequality expressed in hours=0·911 (K,0-010). 
\I lt iB equal to HGc +Se), nnd is somewhat less tlrnn Mn, the relation being Mc=Mn-2K, eoR [(K,c-o,0 )-­

(K,0-Mo0)]. ExprnHsion (89), Part lll, inelutle8 semiliiurual constituents only, and so iH not exactly equal to fMu; 
in strictness, the cosine factor should there also be appended to l{,. 
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Fig. 1 illustrates the tropic tides and quantities connected with them at Sau Francisco. In 
this case the tide is largely diurnal, the sequence is HHW to LLW, and LWQ > HWQ. 

8. Tbe Ude curve or marigrani is a curve whose abscissm increase uniformly with the time, and 
whose ordinates represent the heights of tl1e tide or sea at the corresponding times. 

The average value of the ordinates of the tide curve (reckoned from some fixed mark upon 
the shore) defines the height known as mean sea level or mean water level. 

The average value of the heights of high and low waters (reckoned from some fixed mark 
upon the shore) defines the height known as half-tide level. 

Mean sea level and half-tide level do not differ much from each other except at places where 
the duration of fall difiers by a considerable amount from the duration of rise, or where the diurnal 
inequality is large.• 

Mean sea level (MSL) is the most nearly fixed, and therefore the best, of all plane:. defined 
by the tide. Planes used in reducing soundings or in reckoning elevations above the sea should always 
have a known relation to mean sea level, or at least to half-tide level (HTL). 

The plane of average or mean low water is one-half Mn below half-tide level. The soundings 

Transit. 
Cupper or loW9' J 

Tra.nsit 
(lower or upper) 

Fig-. 1. 

Tra.nsit 
(upper or lower) 

________ J 

on the Coast Survey charts of the Atlantic coast of the United States are reduced to this datum. 
The plane of mean low-water (ordinary) springs is about one-half Sg uelow half-tide level or 

mean sea level. This is the plane generally used along the outer coasts of Europe. The soundings 
upon the charts of the French coast are reduced to the lowest tides observed. 

'.rhe plane of average lower low water or average daily low water is usecl generally upon the 
Pacific coast of the United States as well as the Gulf of Mexico. 

The Indian (harmonic) tide plane or Indian spring low-water mark hi Mi+ 82 + K 1 + 0 1 below 
mean sea level. These symbols are defined in the next paragraph. 

The plane of equinoctial low-water springs is the datum ~ometimes used by the British 
.Admiralty in Indian waters. 

In many localities the datum of soundings is an arbitrary, but known, distance below a fixed 
bench mark. In the establishment of any such plane the hydrographer usually aims at some 

•Part III, § 24. 
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plane which is capable of definition with respect to the tide; e.g., mean low water, low-water 
springs, etc. 

In a few cases the plane of reference is the height of the lowest observed tides. Of course a 
datum of this kind cannot be recovered unless through an established bench mark. 

Since all datum planes must be connected with mean sea level, it might be advisable to· 
reduce soundings to a plane an integral number of feet below this level, the same number to be 
used over a considerable area, and to be determined by the lowest tides likely to occur. Such 
areas or regions could be indicated upon the charts. 

Some hydrographers have used the expression "low-water springs" to denote extremely low 
low waters due to variom1 inequalities in the tide. Such careless usage should be discouraged. 

Heights on the land when accompanied by the expression "above tide" or "A. T.," usually 
refor to high water. This is objectionable, because the height of high water depends upon the 
range of the tide; and this in turn upon the locality of the tidal observations. Above mean sea 
or mean water level is a much less objectionable signification. 

In connection with tidal planes, see§ 20, Part II, and §§ 42-45, Part III. 
9. Tidal constants are certain intervals (angles) and heights (amplitudes) used in describing 

the tide; they are absolutely constant, or nearly so, at a given place. 
Nonharmonic constants are those tidal constants which refer in some way to high and low 

water instead of to the constituent periodic elements into which, as will be shown in Part II, the 
tidal wave may be resolved. Harmonic con.~tants refer to these periodic eleme11ts. 

The portion of the tide following any period strictly, can, by Fourier's theorem, be analyzed 
into one or more simple cosine terms whose angles or arguments (which are proportional to time) 
go through 3600, and multiples thereof, in the given periodic time. Either the process or the 
result is spoken of as an harmonic analysis.• Each such term is called an harmonic component, 
component tide, partial tide, simple tide, or simply a coniponent. The (uniform) hourly change in 
the angle of any component is called its .~peed; the value of its angle reckoned from its high 
water at any given mstant is called its phase; its (constant) semirange is called its a111plit1ide; 
the (constant) angular retard of the maximum of any component 0 behind its astronomical cause 
or fictitious moon (as assigned by the uncorrected equilibrium theory in Part II) is its epoch or la.g. 
Tho amplitude of 0 will be denoted by O, the epoch by 0°, and the speed by c. If 0 have a 
period of approximately one day or twenty-four hours, it is said to be diurnal and is written C1 ; 

if it have a period of approximately twelve hours, it is said to be semidinrnal and is written Ci, 
and so on. At most places the semidiurnal compo11e11ts are so much larger than the diurnals, 
quarter diurnals, etc., that the tide curve of any particular day approximates toward a sine (or 
cosine) curve whose period is about twelve lunar hours. 

In the analysis of tidal currents 0 !\nd oo may be replaced by 0 and iJo, C denoting the 
amplitude of the component velocity and (Jo/c being the interval between the transit. of the 
fictitious moon (Table 3) and maximum velocity. 

The principal lunar component, denoted by M2, has an hourly speed of 28°·984 1042, and so its 
period is a half lunar day. 

The principal solar component, denoted by Si, has an hourly speed of 30°·000 0000, and so its 
period is a half solar day. 

The luni:solar diurnal component, denoted by K 1, has an hourly speed of 15°·0410 686, and so 
its period is a sidereal day. 

The principal luna.r diurnal component, denoted 0 1, has an hourly speed of 13°·943 0356, and so 
its period exceeds the lunar day by the same amount as the period of K 1 falls short of it. 

For a more extended list of components see§§ 15-18, Part II, and Tables 1, 36. 

*For uualyzing the quality or timbre of a given note, Helmholtz made use of a series of spherical shell!! or 
resonators whose periods of vibration were fixed aml known. In this way he could pick out the overtones which 
were present in the note sounded. The object of tho harmonic analysis of a series of heights, tabulated and summed 
according to u given component time, is quite analogous to that of the analysis of a musical note. Tho harmonic 
unalyzer to be described in Part II mu.y bo likeno<l to Rudolph Koenig's combination of resonators (Jamin, Cours 
de Physique, 4th ed., Vol. III, p. 175; or Ann. de Pogg., Vol. 122 (1868), 1>p. 666 ct seq.), while the tide protlictor 
(Part III) muy be likened to the sirens of Seebeck an<l Koenig (Jo.min, Vol. III, p. 172). 
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Example showing how 01w simple ffllt"e is displaced by a11otlte1·.-'I'he height of tlie surface of' 
the sea from mean level <luc to the two componeuts A, lJ is 

y =A co,; (at+ a) +B <:os (bt + (J) 

Here the amplitudes are A, B, the speeds a, b, au<l the initial phases a, j:J. 
If a= b, the resultaut wave. is harmonic, having as its amplitude 

(3) 

'rbat is, if we form a parallelogram analogous to the parallelogram of forces regarding a, (i as 
giving the directions of A, B, the resultant amplitude is the diagonal .of tile parnllelogram, setting 
out from the intersection of A a11d fl. Or, it is the third side of a triangle whose opposite angle 
is 18UO-(a ....... /;). 

'l'he phase of the resultant wave is the angle whose tangent is 

A sin a + B sin j:J 
A cos a-+ -JFcosj:I 

The resultant wave may, therefore, be written 

J ·- [ 1 /'A sin a + B sin /3)] A 2 + Bt + 2 AB cos (a ....... (:;) cos (at+ tan- I - · ----- ----·-­
\A cos a + B cos /i 

(4) 

(5) 

In the parallelogram construction just reforrcd to, this angle is tile direction of the resultant 
diagonal. If a (or (:J) = o, the above angle is the angle between the resultant and A (or B). In 
fa.ct, it is then the angle adjaceu t to A (or B) of the triangle referred to above. 

10. A cotidal line is an assemblage of points on the earth's surface where tides occur at the 
same absolute time. The number of each such line is usually taken as the lunar time (i. e.: the 
lunar hour after upper or lower transit) at Greenwich when high water occurs at statious along 
the cotidal line. If solar hours are US('d-reckoned, of course, from the time of the moon's transit­
each period of cotidal lines will co11sist of 1~.42 hour-lines instead of 12. The cotidal lunar hour 
of a place whose west longitude iu time is Lis 

0·966 HWI + L,"" (Ii) 

while the cotidal solar hour is 
HWI + 1.035 L. t (7) 

If Greenwich transits be used in making· a "first reduction," § 51, the interval so obtained + 
S, the longitude of the time meridian expressed in time, is the cotidal solar hour. If the meridian 
over which the moon is assumed to pas:' ha rn a west longitude in time equal to B, then L must, 
in all cases, be replaced by L- E. 

If instead of HWI, we write the vulgar establishment or lunitidal interval at full and clla.nge, 
we have the cotidal lines for full and chauge t aud not for spring tides or fur tides of mean 
lunitidal interval. Ou the other hand, the retard of the spring tides is uot tlle same the world 
over, and so the cotidal line 

0·9GU HWI + L 

does not represent a series of points along which it is simultaneously and exactly high-water 
springs; in fact, such lines do not exist. 

For limited areas, lines of equal lunitidal interval may be drawn instead of cotidal lines. 
This amounts to making L = 0 in (6) and (7).§ 

*Cf. Whowoll, Phil. Trans. 1836, p. 293 an<l chart opp. p. 306. Bacho, Unite<l States Coast Survey Reports: 
1854, p. 149 and sketch 26; 1855, p. 339 and sketch 49; 1862, 11. 127 ancl sketch 46. 

t Cf. A. S. Christie, The Lady Franklin Bay Expedition, Vol. II, pp. 697 et se<1. 
t E.g., 'Vhewell, Phil. Trans. 1833, pp. HS, 149; 1848, p. 7. Airy, TidcH an<l 'Va\'Os, plate 6; reproduced in 

Enc. Brit., Art. "Tides." Haughton, Manual of Tides and Tidal Curronts (1870), Plato JV. Berghaus, Physikalischer 
Atla>1 (1892). Probably most astronomies and physical geographies adopt this Rystcm. 

~E.g., Schott, United States CollBt Survey Report, 1854, p. 173, sketch 16. 
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Intervals referring to the diurual wave can be used iu a similar way for obtaining cotidal 
lines referring to the diurnal portion of the tide.• 

If observations were sufficiently extensive it would be possible to draw a set of cotidal lines 
for each harmonic component of the tide. Accordingly, a cotidal line for the compouent A, is an 
assemblage of points on the earth's surface where the A; tide occurs at the same absolute time. 
Such lines are naturally numbered in A 1 hours after the transit of the A, fictitious moon acrm:;s 
some lixed meridian, as that of Greenwich; but they may be numbered in B 1 hours after the transit 
of the A, moon. 

'l'hc cotidal A. hour for the component A is 

.A;o 
.-1-" +L, 1. ,) 

while the cotidal B hour for the component A hi 

/J(.,to ) .-·1' -+ J, . 
((. i :.1 

The principal tidal components are :\! 2 , S2 , K 1, and 0 1• 

for l\12 is 

1\1/l 
30 +L 

whicl1 is, in deep water, uearly equal to 

O·!llili JTW I + J,. 

If A;= S2, the eotidal .~11/11r hour for S2 i,.; 

If A,= K 1,t the cotidal sidereal hour for K 1 is 

(8) 

(!l) 

If A1=1'12,t the cotidal luna.r hour 

(10) 

(11) 

( l :!) 

11. '1'1'.de table.~ are ephemeral publications, u>1ually covering a calendar year, showing in 
tabular form the predicted or computed times and heights of the high aud low waterR. 

For cert.aiu prindpal 01· typical stations such predictions arc given in full, i. e., all tides of 
the year are predicted; but for most places tidal d(ffc1·cnccs and ratio,.,· are given, which enable 
the user to obtain his tides from the tides at stations having full predictions. 

'l'he f'ollowiug are the principal tide tables: 
''Tide Tables by the "United States Coast a111l Geodetic Survey." 'fllis publication covers 

quite thoroughly the coasts of the United States and less thoroughly the world at large. 
"'fide Tables for the British aud Irish Ports," coutaiuing· "also the times alld heights of high 

water at full and change for the principal places on the globe," by the British Admiralty. 
"Tide tables for the Indian Ports," by authority of the Secretary of State for India in 

Council. 
"Ammaire des Marees des C6tes de Fraucc," by the French hydrographic service. 
"Gezeitentafeln," by the Germa.11 admiralty. These include daily pre1lictio11s for several 

statious in addition to those of the German coast; also intervals aud ranges for the world at large. 

"E. g., Bnche, United States Const Survey Heport, 186:!, p. 1:!7 mu! sketch ~6. Cf. !'art III, 11 56. 
t E.g., Yan cler Stok, Stlllhi:n over Getij<len in don In<lisclum Archipel, Xll (18!15), p. 23 and Kaurt I. Thr 

Jong1tude, L, iti horn r"ckonecl from Batavia. 
; E. g., illicl., p. 31 nnd Kunrt II. 
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12. The velocity (drift) of a current is the rate at which the fluid particles move horizontally. 
It is usually expressed in knots, i. e., uautical miles per hour, but sometimes in teet per second.• 
The velocity generally differs for different depths, but its value at the surface may be understood 
unless otherwise specified. The velocity of propagation of the tidal wave is m~ny times greater 
than the velocity of the current, and the two must uot be confounded. 

The direction (set) of a current is the direction or point of the compass toward which the fluid 
particles move. 

The movement of the fluid in one direction, usually inland, is styled.flood, and in the opposite 
direc~ion, ebb. The two are not always distinct, and, even if they are, it is not always possible to 
know which movement should be taken for the tlood and which for the ebb. Flow or flood and 
ebb correspond to the French ftot and jusant, while rise and fall correspond to montant or gagnaut 
and perdant. 

The maximum of the flood or ebb current is sometimes called the strength of jlood-0r ebb. 
The effect of the tidal wave in giving rise to currents is obvious in two extreme eases: 
(1) Where there is a small tidal basin connected with the sea by a large opening. 
(2) Where there is a large tidal basin connected with the sea by a very small opening. 
In the first case the velocity of the current in the opening will have its maximum value when 

the tide or height of sea is changing most rapidly, i. e., at a time about mid way between high and 
low water. In other words, the water level in the basin keeps at about the same level as the 
surface of the water outside. Flood corresponds to the rising and ebb to the falling tide. 

In the second case the velocity of the current in the opening will have its maximum value 
when it is high water or low water without; for then there is the greatest head of water for 
prodncing motion. Flood begins al>out three hours after low water and ebb begins about three 
hours a.fter high water, and so slack water occurs at times about midway between the tides. 

Many currents in nature lie, in a general way, between these two extreme cases; but see §22. 
Slack water denotes the state of the current when its velocity becomes a minimum. It folJows 

high- or low-water stand by intervals ranging from zero to three hours, depending upon the locality.t 
Ohange or turn of tide are expressions sometimes used instead of "slack water." 

The velocity aud direction of tidal currents are much modified by extremely local causes, while 
the times and heights of the tides are about the same over considerable areas. 

13. Representation of currents, etc. 
The velocity a11d direction of a current at any given time are often indicated by an arrow. 

Usually the arrow indicates direction only, the velocity being written just beyond the point. If 
the curreuts corresponding to several phases of the tide, or rather tidal current, are shown upon 
one sheet, several arrows will usually radiate from the same point upon the map. Their numbers 
indicate the order of occurrence.t A current station is a point where currents have been observed. 
Unll.\ss the station happeus to be in the channel, it is obvious that the rising tide will generally 
reach and swell the water in the channel before its effoet is felt at the station. Similarly the fall­
ing tide begins to lower in the channel earlier than in the shallower regions. Bence the order, in 
time, for the pointing of the radiating· arrows is-

Shoreward, upstream, offshore, downstream. 

This is evidently clockwise for stations upon the right-hand bank (looking downstream) and 
counter clockwii:!e for stations upon the left. 

For au instantaneous represent.1tion of the condition of the currents in a given harbor or 
region it is customary to make use of lines of jlow. A line of flow is such a line that at all of its 
points the motions of the fluid particles coincide with it. In other words, if we draw at each 
point of the fluid a very short arrow, whose direction indicates the direction of the current at the 
given instant, then a curve, coinciding with a series of them, is a line of flow.§ At any given 
-------------------····· ··---···--------

*To change velocities given in feet per secoml to knots por hour, multiply !Jy 45 =0·5921= 1 ; to 11t11tuto 
76 l ·689 

rniles, multiply by~~-
t Etales de jlot et de jusant vs. eta lea de pleinc 111er et de baase 111e1·. 

t Por examples see Coast Survey charts, 1il110 tho Reports; for instanco 1879, opp. p. 175 and p. 181. 
§A set of charts for the Irish Sea and English Channel, by Beechy (q. v.), is given in tho Pililosophical 

Transactions for 1848. 
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instant the motion of surface of the water will be represented by a system of curves covering it. 
If the motion be steady, i.e., independent of the time, lines of tlow are usually known as stream 
lines. 

If across the lines of flow we draw a line cutting the system everywhere at right angles, the 
line is a line of equal velocity potential, or an equipotential line. We may assign to one such line 
any number we please; but having done so, the numbers belonging to other such lines become 
fixed. Suppose the numbers upon two adjacent lines of equal velocity potential to diffor by a 
small constant quantity drp. The distance apart of the two lines (ds) becomes known when the 
velocity is known (and conversely) t.hrough the equation 

ds =-d<f>+ v, 
or 

(13) 

Lines of equipotential form a f!!ystem of curves cutting the system of lines of flow everywhere 
at right angles. 

\Vhen the motion is steady and the body of water uniform in depth, the two systems are not 
only orthogonal, but also isothermal; that is, if we construct stream lines and equipotential lines, 
as above directed, we can select stream lines as far apart as are the equipotential lines in the same 
vicinity, and BO divide the whole surface of the water into elementary squares. If the real part 
of a function of a complex variable represents one of these systems, the purely imaginary part will 
represent the other. Such a function is defined by the boundary conditions; that is, the function 
must be such that the stream lines coincide with the fixed boundaries of the fluid.• 

Another pair of systems which might be used to represent the motion of the water are lines 
of eq11al velocity and lines of equal bearing. All along a line of equal velocity, the velocity of a 
current is constant; all along a line of equal bearing the direction or set of the current is constant. 
These two sets of curves often intersect orthogonally or nearly so.· For uniform depth and steady 
motion the systems are also isothermal. 

The map of a body of water may have drawn upon it a series of lines, along any particular 
one of which the current turns at a given lunar hour. Such lines are called cocurrent lines; they 
are quite analogous to cotidal lines, and, like them, admit of numerous varieties. t 

If we are concerned with the current at one station only, the velocities may conveniently be 
taken as the (positive) ordinates of a curve, the times being the abscissrn. The directions may bo 
written at the feet of the ordinates. At a station where the flood and ebb are distinct, the 
velocities of the one may be taken as positive and the other negative. This representation is 
quite analogous to the tidal sheet or marigram. 

14. For explaining the origin, propagation, and properties of the tide wave, numerous theories 
are required, according to the circumstances. When the explanation is less complete, or when 
observation is called in to supplement certain of its defects, the underlying and so-called theory 
is really only a working hypothesis. However, since nobody can hope for theories covering all 
cases, and since the same theory at one place may serve to explain the tides, while at another 
place it can serve only as a working hypothesis, we shall follow usage aud make the word 
"theory" cover the expression ''working hypothesis." 

The (uncorrected) equilibrium or statical theory assumes that at each instant the surface of tlie 
sea is a prolate elipsoid whose longest diameter points at the tidal body. This hypothetical 
surface is often defined as being one which is everywhere normal to the direction of gravity as 
perturbed by the tidal body alone. 

If the ocean covered the entire earth, the effect upon the direction of gravity of the layer of 
water constituting the hypothetical tide could be computed. The eccentricity of the equilibrium 
spheroid, and so the range of tide, would then be somewhat increased. 

-------·----------------
• Ducho, United Stutes Coast Survey Report, 1851, pp. 186, 137, and Sketch A, No. 3; tho latter represents the 

current.s of Boston Harbor by making the distance between the lines (ofllow) invei:sely proportional to tho velocity 
at the given point. In case of steady motion and uniform depth such lines woulcl be continuous. 

t Scl1ott, 1Tnitcd State~ Const Survey Heport, 1854-, pp. 168-179, discusses the currents of Long Island Sound. 
HiH coourront liuos u.re really linos of equal lunicnrrent iutorval. His "lines of lliroetiou" differ from lines of tlow 
in thu.t they are taken not exactly simultaneously but at the time of grenteMt velocity. 
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The corrected equilibrium theory differs from the former in assuming the earth not whoJly 
covered bJ water, and so the surface of even a deep sea cannot actually coincide with the spheroid 
of the uncorrected theory, but will be parallel to it the distance therefrom at any given point 
varying with time. This is necessitated by the incompressible property of water. 

The difference between these two theories can be illustrated by means of a small body of 
water, a lake, or even a pail of water. The uncorrected theory implies that the whole surface of' 
the small body of water rises and falls by the same amount, twice each lunar day. Moreover, this 
range of tide would be the same as the range of tide in the same latitude were the surface of the 
earth covered by an ocean. The corrected theory involves the fact tl1at, on the whole, the surface 
of the small body of water always has the ·same height, and so its tides are caused by the water at 
one side being slightly elevated while in another portion it is slightly depressed. But the surface 
is normal to disturbed gravity, or parallel to the uncorrected tidal spheroid. The cotidal lines 
will radiate from a no-tide point instead of being arcs of terrestrial meridians as in the case of the 
uncorrected theory. 

The equilibrium theories assume that the water surface arranges itself in each locality normal 
to the force of disturbed gravity, but they do not explain how this arrangement is made, nor 
whether it is possible with the known properties of water. They avoid altogether the question 
of depth of the water, the i,mrface alone being coni;;idered. 

I1aplace attempted a theory in which not only the disturbing or tidal forces, but also the 
motion of the water regarded as a heavy or inert body, are taken into account. Such theories are 
known as dynamic or kinetic. They should take account of the viscosity or interrlal friction of 
the water as well as the friction at the bounding surfaces. 

The wave theory considers the tide as. a wave and develops the properties of such motions. 
From the nature of the case it is a kinetic theory. 

The uncorrected equilibrium theory is useful as a working hypothesis in tidal analysis 
because it enables one to inter suitable forms of expression for the tidal disturbances, knowing the 
laws of the forces to which they are due. '.l.'he principle that the disturbances are coperiodic with 
the forces, whether the tide approach its equilibrium condition or not, is a deduction of dynamic::;. 

The corrected ·equilibrium theory applies to small, deep bodies of water. 
The kinetic theory enables one to infer that the amplitude of tidal oscillations having sensibly 

equal periods are to one another as are their forces, and that their epochs are equal. 
The wave theory is applicable to canals or tidal rivers. 

MISCELLANEOUS '.l.'ID.A.L PHENOMENA. 

l!i. Tu shallow estuaries where the range of tide is considerable, the high water is propagated 
inward faster than the low water, for at high water the greater depth prevails. The high water 
thus gaining upon the low water causes the duration of rise of tide to uecomc shorter as tht wave 
proceeds; and so the farther tbe wave goes without breaking, the more abrupt itH front becomei:;. 
Finally, it becomes so steep that the top of the wave falls forward (not in the middle of the stream 
but near the shelving shores) something like the crest of a breaker. This phenomenon, usually 
accompanied by much noise, is called a bore. Other names for the bore, boor, or uoar's hea<l are 
cager (Bngland), mascaret or barre (France), prororooa or pororoca (Brazil). The following rivers 
and arms of the sea have bores: .r.rhe Amazon;• Tsien-ta11g,t Brahmaputra, Ganges, Hooghly, 
Indus, Garonne, Dordogne, Seine, Trent, Severn, and Wye rivers, Solway Frith; arms or bays at 
the bead of the Bay of Fundy, and perhaps Magellan Strait and Cook Iulet.f 

An agucr is a doubl~·headed tide; that is, a tide having two maxima or two minima instead 
of the usual high or low water.§ This gives to the tide a long "stand," and so may be of much 
practical value. At Southampton there is a double high water, at Portland a double low water, 

•.J.C. Branner, Pop. Sci. :Monthly, Vol. 38 (1890), pp. 208-215. 
I See lignre 19. 
! For tidal diagrams of French rivers, see Comoy, f:tude Pratique snr !es :\lar.~es Fln\'iales. 
See Airy, Titles anti. \V ave~, Art. 514; also this manual under A kxamlcr tile Great, Stra I.Jo, Hakluyt, anti. Sturmy. 
§Cf. Airy, Titles anti. •Wa\•es, Art, 518, am! Fnrel, Titlal HesearclwH, § 254. 
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and at Havre an almost double bigh water.• Tbis peculiarity of the tide does not generally 
persist throughout the lunation. It is usually, but not always, the most pronounced at spring 
tide. 

At some places the high and low waters may be very sharp, thus making a staud of short 
duration. The bigh waters at Ipswich aud the low wa.ters at Philadelphia may be mentioned as 
cases of this kind. t 

Whenever the tidal water has to pass through a rather narrow or shallow channel to fill a 
tidal reservoir beyond, a strong current is necessitated. This is sometimes called a race; e.g., tbe 
Hace at the eastern entrance to J,ong Island Sound. Of course each of the two bodies of water 
connected by the strait may be tided; e. g., the Hell Gate, ::\fossina Strait. But a tidal race is more 
properly defined as a stroug current caused by the meetiug of two wave systems from different or 
opposite directious. The effect will be the grnatest where the range of tide is most diminished by 
this meeting; that is, at a place where trough meets crest, n,s (:an be seen by a brief study of the 
water particles in wave motion (Chapter II). '.rhe Portland Hace, the Maelstrom, and Seymour 
Narrows may be instanced. 

16. Seicltes (sash) are short-pel'iod oscillations (u:mally from about 10 to 60 minutes) existing 
at times in many (if not all) lakes and landlocked bays. They represent oscillatfous in which 
usually the whole body of the liquid swings to an'l fro. They are eaused by sudden changes 
of atmospheric pressure, or winds which sweep over its surface. The period of such a seiche is 

twice length of lake --- v-y,-i ----

where ,Q denotes the acceleration due to gravity, and It the depth of the lake or bay. 

(14) 

Seiches may not alwa.ys be uniuodal, as suppofled above, nor docs the nodal line always run 
transversely to the body of water. 

This phenomenon has been observed on Lakes Geneva, Oonstance, Ontario, Michigan, Caz­
enovia (N. Y.), and others; on bays in India; at Swansea (Wales), Malta (Greece), and Bristol 
(It. I.). l 

The effect of an earthquake upon the sea is known as an earthquake wai,e, an earthquake sea 
(or ocean) wave, or a g1·eat sea wave. The last term serves to distinguish it from the corresponding 
oscillation in the solid earth which is known as a great cm·th wa1,e. The great sea wave may 
somt•times, perhaps, be due to a tumbling down of submarine cliffs instead of to an earthquake 
proper. 

'l'he effoct of these waves is often transmitted to distm1t shores, where it is recognized (although 
not always with absolute certainty) by the peculiar oscillations which it adds to the record of an 
automatic or self-registering tide gauge. Peru, Japan, and l\Ialay Archipelago have furnisl1ed 
notable instances of this phenomenon. 

*Sen lignro 18. 
Fur tidal diagrams, Phil. Trans., 1843, opp. p. -16, an<l Como~·, op. cit. 
To nscortniu from tho harmonic constant~ the 11at11rcs of t.lrn high and low wntors nt n given plnce, draw a 

curve, ns in 1\ ll3, Part III, consisting of i\I, 111Hl its harrrwnic11 ~!,, :\!,;, ~I., . . . . 
In com1mting the 11101111 range of tido tho second portion of formula (65), Part Ill, shonld not, ·perhaps, bo nsecl, 

but rathor a value obtained from the dmwing jnst mentioned. 
t Phil. Trnus., 1843, opp. p. 52. Snn lignro 11. 
l The following nrn n fow refere11ces to tins phonomenon: 
C. B. Comstock, Annual Heport of tho Survoy of the N'orthern nnd Northwestern Lakes, 1872, pp. 14--16 and 

Pl. VI. 
Airy, Phil. Trnn8., 1878, pp. 136-138. 
Giiuther, Geophysik, Vol. II (1885), pp. 373-376. 
Nature, Vol. H (1876), p. 164; Vol. 17 (1878), pp. 234, 281; Vol. 18 (1878), pp. 100, 101; Vol. 1!J (187!!), p. 4-16; 

Vol. 21 (1880), pp. 397, ·143; Vol. 33 (1885), p. 184. 
Science, Yol. 7 (1886), p. 412; Vol. 15 (18tt0), pp. 99, 117. 
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CHAPTER II. 

DIGRESSION ON PLANE, OR TWO-DIMENSIONAL, WATER WAVES. 

17. Fundamental cr1icatio1rn. 
A more exhaustive account of fluid motion will be given in Part IV. Ju the present cliapter 

the assumptions made are few and simple. 'l'he main o~ject is to give au introduction to tlie 
stu1ly of wave motion,· which shall clearly indicate how the wate1· particles behave accordiug to 
theory, and whicli shall also show some applications of the results obtained to the water move­
ments in nature. 

By taking the displacement equations (26), (27), aud the equation (28) for granted, several of 
the paragraphs on wave motion can be understood without rea<ling the present paragraph. 

In any motiou or a tluid, the entire volume taken into consideration must not he altered. 'l'hat 
is, if we assume any small mass of the ftuitl bouuded hy an imaginary surface to be slightly 
displaced in the motion, its volume will remain as before; or if we assume au imag-inary surface 
fixed in the Huid and inclosing a small mass or volume of it, the amount. contained in this surfaee 
will be constant, whatever the motion of the tluid, provi<lcd only that the surface remain eutirely 
submerged. 

\Ve shall assume that all motions take place in or parallel to the vertical plane .ry, and, for 
convenience, that the thickness (z) of the &oily of water treated is unity. 'l'hen, considering an 
imaginary rectangular boundary whose edg-es are d.c, dy, in length, all(l letting 11, 1' denote veloc­
ities along- x, y, the difference between the entire quantit.y flowing into arnl out of this bow1dary 
which is supposed to be stationary is, obviously, 

(
. ,lu ) (. ,lv ) 
1t + ,lx d.r dy- n dy + _v + ;iy dy dx-v d;c. 

This is equal to zero, because as much flows in as out; 

is the equation of con tiuuity. 

Ju Jr .·.,+-:;-=0 
v·J: ,,y 

(li:i) 

In using this equatio11 it is to be remarked that a:, y are the true coordinates of the particle, 
whereas in the work about to he given x, y are the coordinates of the particle when ill its nudis­
turbed condition. 'l'he true coordiuates are .r + x, y + y. 

To find the equation of continuity in terms of small displacements x, y instead of u, v, 
assume that the elementary rectangle who~e corners had originally the coortlmat.es 

O, 0 dx, 0 ilx, dy o, dy 

becomes iso altered by the motion that the coordinates of the corners are 

Jx 
~ x + J.i <.lx + dx 

~ y + ?Y dx 
Jx 

Jx Jx 
( x + · - dx + ·- dy + dx ) ax clY 

( y + ~1~ dx + ?~ dy + dy 
,lx Jy 

Jx 

~ 
x + ---- dy 

Jy 

y +°PY dy+ dy. 
JY 

Let the small change among neighboring particles be such that the elementary rectaugle becomes 
a parallelogram whose sides are approximately parallel t-0 those of the rectangle; its area is 
approximately equal to 

Cl + Jx) (1 + Jy)· dJ:dy. 
,lx Jy 

338 
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Since this must be equal to dxdy, it follows that 

Cl + Jx) (1 + ?Y:) = 1, 
,ly Jy 

(16) 

or 

Jx + ~y_ = o, 
,Ix ,ly 

(17) 

provided ?x. ~~ may be 11eglected, as is the case when eacl1 factor is small. Either (lG) or (17) 
,1x Jy 

is the equation of continuity, the former being, of course, the more accurate; 

1
4 :1/=Y 
Jx . . . . ·. y = _ --- dy + a funet1ou of a:, 
J:c • 

- =b 

(18) 

where b denotes the height of the bottom. If E denotes the value of the displacement x at the 
bottom, tlie corresponding value of y is 

(H)) 

and since at the bottom where y = b the integral is zero, it follows that this is the required function 
of x; 

1
Y=Y 

,1X ,_db 
.·. y = - ---- dy + .=. - .• 

,1.c d.c 
b 

The last term becomes zero for a horizontal bottom. 
If the motion be such that all particles once in a vertical line always remain so, x can be 

replaced by e, which is its surface value, and we may take as elementary area a rectangle whose 

length is d.c +;ied.i· and whose height is h + 17, a much larger quantity. The area must remain h <l.r. 
Jx 

. ·. ( 1 + ~~) ( 1 + ;: ) = 1 ('.H) 

is the equation of continuity, in this case. 
The dynamic~} or pressnre equation is 

1
Y=h 

,12x r ,I r Yy l 
JtJ = J.: + ~xl - 011 - ,1i 2 dy J' 

,1/ 

(22) 

in which 17 denotes t11e value of y where !J = h, the undisturbe!l depth, aud X denotes the iutensity 
of ~Lily impressed force acting in the x-direction. · 

S . cl 'ti t ti l f J~(x + x) · ,fx I · h · h l t' ~ · mce x oes not vary w1 i ., ie va ue o -·--;)t.2 - - IS ·,w-, w nc IS t e acce era ion (or eliect1ve 

force per unit mass due to the horizontal motion) in the a:-direction. This must he the result 
or the equivalent of the x-component of all other forces connected with the motion. 

g17 is the disturbing pressure due to height reckoned from t.he undiRtnrbed surface, and 
so the partial x-derivative of - gq is the corresponding accelerating force rn the :r-dirl'ction. 

~J dy is, since weight or mass is proportional to d~11, an element of the pressure due to the 

vertical velocity of an elementary mass aboYe the point x, y. The aggregate pressure is the 
same integrated up to the surface, and the corresponding accelerating force is minus the partial 
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x-derivative. In this integration it is allowable to take the upper limit as h, instead of the slightly 
)2 

different value h + 17, because the vertical acceleration ~~is assumed to be a moderately small 

quantity.• 
If X = o, the motion of the body is "free," not "forced;" i.e., the body is Jeft' to itself. 
If the vertical acceleration can be omitted, the water must so move as to keep all particles 

which lie in a given vertical line, always in a vertical line. If the area be divided into elementary 
vertical strips of length dx and height h + 17, the elementary volume of water, <lx x (h + 17) x 1, 
varies with the instantaneous height; and so the force equivalent to the effective force in the 
moving element must likewise vary, 

. ~~= h-t!z(x - 0}!J.\ (23) 
• ' ()t h , Jx) 

making use of the corresponding equation of continuity and putting X = O, we have 

;J2x 
;i2x JifI 
'w =gh( 1 )3; 1 + ,x 

()x 

(24) 

which becomes, if ~£is small, or if the relative displacement of two neighboring elements of the 

fluid is small in comparison with the distance between them, 

(25) 

WAVES IN A CANAL OF UNIFORM DEPTH AND INDEFINlTB LENGTH. 

18. It is here proposed to give an interpretation of the wave motion defined by the following 
equations, and to point out how the long or tidal wave differs from the short, oscillatory, or 
surface wave. . 

Let us assume that the horizontal and vertical displacements of the fluid are of the respective 
forms, t 

x = .!l cot1h ly sin (at - l.i· +a) 
y =A sinh ly cos (at - l.r +a), 

(26) 
(27) 

wllere A, a, a, l are constant throughout the canal and for all time; x, y are independent of the 
time but vary from point to point, .i: being measured hori;:outally from an arbitrary origin, and 
y Yertically from the bottom of the canal. 'l'hese evideu tly satisfy the eq nation of continuity ( 17); 
they also satisfy the dynamical equation (22) provided 

or 

aZ 
tanh lh = .l' 

[/ 

a,2 = gl ta11 h lh. 

(28) 

(29) 

Equations (17), (22) imply that x and y are small in comparison with the wave's length and the 
depth of the water, respectively. The motion defined by (26), (27) is periodic in time and distance. 
Any increase of time, accompanied lJy a proper increase of distance, leaves x, y unaltered, showing 

that tlie wave motion represented advances uniformly along .v increasing, the velocity being~· 

The motion represented is evidently such that similar terms involving 2at, 3at, etc., may be 
disregarded. 

where JI denotes the intensity of pressure per unit area at n given point; p the density of the fluid, I. e., its mass per 
unit ,·olume, and which may be taken as umty. 

t For definitions and numerical value!! of hyperbolic functions, ~ee Table 46. 



REPORT l<'OH H!97-PART JI. APPENDIX NO. 8. 341 

19. Deductions from (26), (27). 
The horizontal and vertical component oscillations (displacements) of any given fluid particle 

are each simple harmonic functions of the time, and of like periods. Eliminating the angle 
involving t, we have 

x2 y2 
A 2 cosn:r-zy +.AYsiriliTfy=l, (30) 

showing that auy particle whose (undisturbed) height above the bottom is y describes an ellipse 
whose major and minor semi-axes are A cosh ly aud A sinh ly. Com~equently the foci are distant 
A../ cosli2ly..:.:: -sirih2-ly, =A, -from the center of the ellipse. As tllis distance is independent of 
both x and y, it is the same for the orbit of a.ny particle in the fluid mass; i. e., the two foci of any 
ellipse are 2A apart and lie in a horizontal line. 

[It may be noted, although it is not important for the present purpose, that the law of 
description is precisely the same as that of a body revolving about a central force whose intensity 
increases directly with the distance of the body from the center.] 

Let x be constant in equatiom1 (26), (27). Since the angle at - lx + a does not involve y, it is 
obvious that particles originally in the snme vertical line are, at any given instant, in the same 
pl1ase of either the vertical or the horizontal oscillation (displacement). In this respect the 
motion of a vertical :filament of water somewhat resembles that of a stalk of wheat swaying to 
and fro in the wind. 

0 JO ft_ 

Fig. 2. For illustrating wu\"e motion. 

20. Figure 2 illustrates the wave motion in a vertical section of "'ater, the wave being 
propagated in the direction Ox. This is not a view of a three dimensional volume of water, but 
consists of a series of instantaneous views of the same plane; the times at which the views are 
supposed to be taken are, as indicated upon an arbitrary time axis t, o, 1, 2, and :3 seconds, 
respectively. 

The orbit of any given particle is fixed; i. e., is the same for all values of t; but the 
particle itself occupies different positions as t varies. In other words, it describes tho orbit 
and iu the direction (clockwise) indicated by the arrow. The orbits which are sufficiently far 
from the bottom to be shown in the figure, are, very nearly, circles. Tho wavy line having its 
axis parallel to the t-axis is a view showing how the height of the surface (at x=O) changes 
as t varies. In otho1· words, it is a view of what- would be traced upon a self-registering 
apparatus at the locality x=O. 
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Of course, the scale in which time along the t-axis is reckoned is arbitrary. The 
instantaneous wave profiles are the wavy lines parallel to tlie x-axis; they approximiite closely 
to curves known as curt.ate cycloids. 

To obtain such a curve, let a series of circles be uniformly distributed along a horizontal 
line; take a point on ea~h a constant angular distance from the position of the point on the 
adjacent circle to the left, say; join the points thus obtained. 

fn order that the cycloid be 'curtate, it is necessary that the common distance between the 
centers of the circles be greater than the arc subtending the constant angular distance just 
referred to. 

The wavy line parallel to the t-axis differs from the '\Vave profiles only that the abscissm 
may be drawn to a different scale. 

21. Let us now return to equations (2u), (27). If in these two equations we assume two 
of the coordinates t, x, y to be constant while one is variable, equations (2u), (27) are the two 
equations of a displacement curve, the non-constant coordinate being the variable parameter. 
(Or, if we elirninattl this variable parameter, an equation in x, y is obtained.) This locus must 
be such that if we proceed along the t-, x-, or y-axis, as the case may be, the successive dis­
placed particles must fall upon it; the (:x, y)-origin is supposed to coincide with the undisturbed 
position of any particle along the axis in question. 

By supposing t aud .r constant, equations (2u), (27) represent an hyperbola; or, eliminating 
y, we obtain the single equation 

x2 yz 
--- ·-------·-- ----·---------=l. 
A 2 sin2 (at-l:v+ a) A 2 cos2 (at-lx+a) 

(31) 

By suppo,;ing y and t constant, equations (26), (27) represent an ellipse. As x increases the 
ellipse is described counterclockwise. 

These equations likewise represent au ellipse when y and x are constant. As t increases 
the ellipse is described clockwise. In either case the resultant equation is 

x2 y2 - - + -. -- --- . =1. 
A 2 cosh2 ly A 2 sinh2 ly 

(32) 

:Now regarding x (or t) as the parameter of a system of curves, equation (31) represents a 
system of confocal hyperbolas-the foci being 2A asunder. Similarly regarding y as the parameter, 
equation (32) represents a system of confocal ellipsc8. These ellipses and hyperbolas are bi-confocal 
and constitute a pair of orthogonal and h;othermal systems. When the ellipses are circlei;:, the 
hyperbolas become radiating straight lines. 

To see the system of displacement ellipses (circles) in the figure, drop all orbits which are in 
the same vertical line to the bottom of the canal; they will then have a common center. 'fhe 
nearly vertical line joining any originally vertical series of particles becomes an hyperbola (radial 
line) cutting the ellipses (circles) at right angles. 

[If we put 
:r' =at- l.c +a, .11' = ly, 
::' = x' + iy', Z = x + -i y, 

then (2u), (27), are equivalent to the sing-le equation 

Z =A sin::' (33) 

But if the tc' y' plane or the x y·plane be divided into a system of squares by means of lines 
parallel to the coiirdinate axes, they become in the x y-plane by the transformation (33), the 
confocal system of ellipses and hyperbolas already des~ribed.] 

22. A wave whose length is several or many' times the depth of the water, is called a long wave. 
Such waves form a limiting case of wave-motion iu water defined by the displacem<>nts (26) and 
(27). The other limiting case being that of surface or short waves, whose character is shown in 
Fig. 2. For a long wave, ly 1s a small quantity, and so cosh ly....:... 1, sinh ly...:.. ly, 

x = A sin (at - lx + a), 
y =A ly cos (at - lx +a). ' 

(34) 
(35) 
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From (34) we see that, to quantities of the second order, the horizontal displacements are the' 
same for all depths of the liquid inasmuch as y is not involved. That is, the water must move 
to and fro as if divided up into vertical slices. The expression for y shows that the vertical 
dis placemen ts increase as the distance from the bottom increases. 

'l'lle orbits of the particles are the extremely elongated ellipses having as their equation 

(36) 

They have a constant major axis at all depths, but the minor is proportional to the depth taken. 
At tho surface the amplitude (17) of the rise and fall (tide) is lh times the amplitude of horizontal 
displacement (curreut). 

The vtlocity of the fluid particles is 

. d l: 
t; = (Jf = A<t cos ( at-1.i· +a); (37) 

~ a ~ii .'.t;/71=,,,= 
. fl h' (38) 

as follows from (28), (34), and (35). 
Example.-·when tbe height of the (rising) tide from mean water level is 2 feet, in a long tidal 

river 30 feet deep, the velocity is 2 x ~-~or 2·07 feet per second (flood). 

'l'he maximum flood velocity occurs at the time of high water, and the maximum ebb velocity 
at the time of low water. Slack water occurs at the time of mean water level. From Fig. 2 it is 
readily seen that tbe particles of water in a wave surface may, at certain portions of the wave 
pel'iod, be actually flowing up hill. This is one of the most obvious ways of detecting wave 
motion. 

Experience shows that the motion of tl1e water in tidal riyers which are not abruptly termin. 
ated, is well represented by the wave motion here considered. For in such cases reflection can 
alter the wave but slightly. 

If two waves of like perio(ls and moving in opposite directions be superposed, the result will 
depend upon the manner of the incidence. If high water falls upon high water tlie range of the 
wave will be increased, while the velocity of tl1e current may be reduced to almost zero (see 
Fig. 2). For, the particles at high water iu each wave move in the direction of wave propagation, 
mul so the resultant motion is perhaps zero. If a high water fall upon a low water, the range of 
the wave may be almost reduced to zero while the current will have its velocity increased. 

vVest, of the Isle of Man the cotidal hour is about ten, whether the tide comes from the north 
or from the south. The consequence is that the velocity of the current is smaJI. 

23. a denotes the number of degrees by which the phase of the component displacements of 
auy particle is altered in a unit of time. vVhen tbe orbit of the particle is circular, a denotes its 
angular velocity. 

3600 .. -· = 'T 
a 

(39) 

where r is the periodic time of the particle or of the wave. 
l denotes tlie number of degrees by which the pbases of the component displacements of two 

particles differ-the centers of their orbits being unit distance apart. (See Fig. 2.) 

31)00 3600 
• " - 1- = ;\, or l = -x - (40) 

where i\. is the length of the wave (in feet). 360° should of course be replaced by 27t if we wish 
to reckon l m radians. 

a. A 1 "t f h .·. ( = -1- = ve om yo t e wave. (41) 

This is iudependent of the amplitude. 



344 UNITED STATES COAST AND GEODETIC SURVEY. 

From (29) we have 

• 27rA./t h 27rh • r =-g au -X. (42) 

When ~ ; 1, 

Period (seconds) r = /'27rA. __,_ 4 v'1 t (43) 
' ' '\/ . g -' - 9- ' 

Velocity (feet per second),_\ ~ /_g'J.. =9..; ;\-;-or {/!_.· (-14) 
T '\f 27r, 4 27r 

~feet per second= i nautical miles per hour= l.53 statute miles per hour. [The period of a wave 

whose length is .:l is (2 7r)l IA_, while the (complete) period of a pendulum whose length is.:\ is '\/g -

7r)~·] 
"When~ is several times smaller than unity 

Period, r, = ~ = 0·17G ~. 
v'r11t, ../h 

VI "t ;\ • _,- - . "'('7-'­e oc1 y, -, = vyh = o·' v It. 
T • ' 

(45) 

(4G) 

[;.()7 feet per second = 3·3G nautical miles per hour = 3·87 statute miles per hour. The equation 
t'= v' {ih is known as Lagrange's formula. / 

From ( 43) and ( 44) it follows that the period and velocity of short waves in deep water vary 
as t.he square root of the wave length and are independent of depth of the water. 

From ( 46) it follows that the velocity of a wave very long compared to the depth of the water 
(as is the free tidal wave) varies as the square root of the depth, and is independent of the wave 
length. 

24. Equatioiis of the wave profile. 
Let r denote the uuml>er of wave lengths (not necessarily an integral number) from the origin 

of coordinates to the undisturbed point; then for the x we have 

and for the true .r or the x of the disturbed point, 

also, for the true y, 

By so taking- the origin that at+ a= 0 a11d writing () for 27!v, we have 

.:l (27l' ) Y - h = 27r _ -,r A sinh lh cos e . 

•See Tables I, II, III of Airy'& Title~ ancl \\'aves; or, Tables 47, 48, 49 this manual. 
I Cf. Newton's Principia, Bk. III, Props. 44-46. 

(47) 

(48) 

(49) 

(50) 
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27Z" 
Now l = ~r; and so for water dPep in comparison with ;\., cosh lh and si11h lh are sensibly 

equal ( = 2e"). 
For this reason we may write 

x =,}Tr ( e -m sin (}), (51) 

i\. 
1/ - h = ,,-1n cos e. 
• ,,;;,7C (52) 

These are the equations of a curtate cycloid (or a trochoid) whose generating wheel, of radius 

f;;;, rolls below a line distant :.'- · above tl1e surface of repose, or h + 9A._ above the bottom; m is 
-IL ~" ~rr 

the fraction of the radius from the center to the tracing point. For curves below the surface, h 
expressed or implied in the above equations should be replaced by y' where y' denotes the height 
of any surface of repose above the bottom. 

In Fig. 2, i\. = 10 feet, h = 10 feet, A cosh lh = 0·5 foot, -9~ = 1·6 foet, which is the radius of the 
• ~7l" 

generating circle, and m = O·:n4. 
For waves which are long in comparison with the depth, cosh lh == 1, and sinh lh = lh, so that 

the equations for the wave profile are 

x = ;s -A sin O, (53) 

y = h + Alh cos H. (54) 

Now if the amplitude of the :r-displacernent (A) be small in comparison with ;\.,these two equations 
represent a very flat cosine curve. 

25. Distinction betu·een ord inm·y an<l tidal wcwes. 
The following characteristics nre deductions from the preceding paragraph on wave motion 

in canals. 
Short 1caveB. Long or tidal toat·eB. 

[Tho depth of tho water is supposed to exceed tho [The depth of the water is supposed to exceed, by a con-
lougth of tho wave, and tho rise to be several times loss sidorable amount, tho rise and fall of tho ti(fo, aud the 
than tho w1we length.] length of tho Wl1\'6 to much oxcetl(l tho depth of tho water.] 

Particles move in ellipses which nm Vl'ry nearly circles Particles move in ellipses approaching horizontal 
ut tho surface. I straight lines. 

Tho horizontal and Y!lrtical displacements of the pur- Tho horizontal <lisplacerucuta of tho particles uro about 
ticles diminish rapidly below tho surface. tho sumo ut tho bottom us ut tho sm·face; tho vertical 

displncoments are proportional to the hoighta of the par­
ticles above the bottom. . 

Particles originally in the same vertical line are, at any Particles once in tho same vertical lino remain so for a 
gh·en instant, iu tho same phase of oscillation. 1

J long time. 
Th" wave profilo approaches n curtute cycloid. Tbo wan! profile approaches a cosine cnr1·e. 
Tho niarigrum, or record of a self-registering gauge, is The mnrigram, or record of a self-registnring g:mge, is 

a C'urtute cycloid or n i1rojoC't.ion of one. a cosine curve. 
T!Je period or wave length assumed, tho other becomes Two of the quantities period, wave length, nnd depth 

lixou, regardless of tho (\t!pth of tho water or tho rise nnd of water, assumed, tho remaining one becomes fixed, 
foll of tho surface. regardless of tho rise un<l fall of tho surface. 

Tho velocity of propagation du11onds upon tho wave Tlw YPiocity of propagation depends upon the depth 
lougt!J only. only. 
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Some characteristics not deduced from the preceding paragraph, bnt rather from observation, 
are added here: 

Wind waves. ' I 
Tidal wa1·es. 

The periorl of a short wave at a given place depends 
1 

The period of a tirlnl oscillation docs not depend upon 
upon tho velodty, continuance, nnd (in limited bodies of\ tho given place, hut upon the astrono111ical forces to which 
water) direction of tl1e wind. ! it is duo. 

Tho amount of rise and fall at a given place depends The amount of riRe and fall of tlrn tide at a given place 
upon the velocity, continuance, and direction of the depends upon, or rather varies with, the direction, and 
wind.• intensity of tho astronomical for"es to which the tide is 

dnr>. 
\\"incl waves do not arise unless the velocity of the wind 

exceed a certain value - O··i5 miles per hour for capillary 
wave~, 2 miles for gr:n·ity waves. t 

Tho period, as well ns the amount of rise and fall, may 
vary rnpidl)' from place to place, as can be seen in pass­
ing around a breakwater. 

\\"ind waves are much confuHcd, nnrl their period un-

Tidal oscillationH of like periods are very nearly pro­
portional to the disturbing causes, however small these 
latter rnny be. 

The period is fixed the world over; the amount of rise 
and fall changes slowly from place to place. 

Tidal waves recur with remarkable regularity. 
certain. I 

\Vind waves are soon destroyed by tho viscosity of tho• Tidal waves move on as free waves through long dis­
tan<'es. water. 

Storm waveR at sea (wind 30 or ·IO lrnots) have a rise 
and fall of 15 or 20 feet, a 11eriod of uhout 10 seconds, 
and, hy (-13), a length of about 500 feet.; 

Tho rise and fall of the ticle at sea is, by the equilib­
rium theory about 1·8 foot X (coBine of latitude)0 § and 
the leni,:th of the tidal wave is hundreds, or even thou­

! sands, of miles. 

2G. Ordinary wata wave.~ compared with polarize<l lif7ltt. 
Imagine the orbits of the surface particles to be not in the plane of the paper as shown in 

Fig. 2, but perpendicular to it, the centers of the orbits still occupyiug their former positio11s, and 
so lying U]JOll the same horizontal straight line. 

Suppose these orbits circular, and suppose the particles to move clockwise if we look from 0 
toward+ .t, tlie polarization is circular and right.handed; if the particles move in the opposite 
direction, it is lef't·l1andell. In either case the particles will lie upon a helix or screw. 'l'he 
shadow of' these points upon the horizontal plane, or upon a plane parallel to the plane of the 
paper, will represent a beam of plane polarized light. A circularly polarize(l beam is well illus­
trated by sticking large-headed pins into a wooden pencil so that their heads lie upon a helix, 
and then rotating the pencil uniformly upon its axis. 'rhe sha(low of this shows the wave motion 
in plane polarized light. 

When the orbits of the particles are ellipses, they will represent elliptically polarized light, 
while the shadows or prqjections represent plane polarized light. 

2i. Long water waves compared with 11ounil. 
The horizontal displacement I; now represents the longitudinal displacement of the particles 

constituting the medium through which sound is propagated. Because 17 is proportional to - J~ 
J.l'' 

it is proportional to the variation in pressure at a given time at any given cross-section (and so 

to the varfation in density) dne to the motion. Where J~? (or J2§_) = o, there is a m~ximum or a 
()x Jxi 

minimum. lu water "\vaves the values of x satisfying ~,, = 0 are evidently the points of high and 
Jx 

"According to an item publisher! in Yau :N"uHtrand's Eng. lllag., Vol. 24 (1881) p. 36, rise nnd fall in meters= 
fv',, 1• being the velocity of the wincl in meters. The rule is probably due to Coupvcnt Desbois. Seo Giinther, 
Geophysik, Yol. II, p. 378. 

t Lamb, Hydrodynamics, §9 246, 30:{. Hussell, Hoport B. A. A. ~ .• 1837, p. 4ri5. 
+This length is probably too i.:n·at. Hnssell, Report B. A. A. S., 1837, pp. ·l·Hi ct. HO<!· \\'. \\"alker, ibicl., 1842 (II), 

pp. 21, 22. Captain Stanley, ihi<l., 1848, pp. :{8, ;{!). W. Scoresby, ihi1l., 1850 (II), pp. 2H-31. C. W. ll!errifieM, ihi11., 
186!J, pp. 3:?, :{3. Giinther, Geophysik, Vol. II, p. 378. R. Ahercromby, Phil. :'ling., Vol. 25, 1888, pp. 263-269. 
Theo1lore Cooper, Tmus. Am. So<J. of Ch·il Engineers, Vol. 36 ( 1896), pp. 139 et. seq. 

For velocity of propagation, see ~tokes, :'llathernatical ancl PhyHical Papers, Vol. II, pp. 23!l, 2·10. 
~See 9 47. At Honolulu, Hawaiian IslarnlH, tho mean rnnge is l ·2 feet; at Easter Island, 2·2 feet; at St. Helena 

Islan<I, !?·l feet; at Ascension Island, 1··1 feet. But it is not to lie inferred from the8e value~ that tho tides in 
extended oceans are in any way explained by the 1111curr.,cterl or corrccte<l orptilihrium hypothesis. 
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low water at the assumed time. To see how the horizontal projections of fluid particles are 
crowded together (like a condensation of a sound wave) at the high waters, and drawn apart 
at the low waters, we may even make use of Fig. 2. Take the front row of surface particles 
and project them upon the x.axis, remembering that the displacements (~) must be reganled 
as small in comparison with the length of the wave. · 

28. On the reflection of pl<me water waves. 
'.l'he displacements in an infinite fluid are 

x =A cosh ly sin (at - lx + a), 
y =A sinh ly cos (at - l.r + <r). 

Now interpose a vertical barrier where .v = L, and the displacements of the reflected wave will be 

x, = -.A, coi:;h ly sin [at._ l (2L - .r) +a], 
y, =A., siuh ly cos [at - l (2L - .-v) +a]. 

(55) 
(56) 

That ii:;, horizontal motions after retiection change their direction, while vertical motions do 110t. 
This can l>e easily seen because the reflection is really due to the horizontal motion. x., y, beiug 
simple harmonic displacements of the same periods as x, y, they combine with the latter to alter 
the phase of the wave at a given time and place (cf. §D). 

Let us now suppose a complete reflection to take place so that the amplitude of tl~e reflected 
portion should, if conditions permitted, be as great us the amplitude of the original wave. 

Let x' = x - L and lf 1 = a - l L; then 

x = A coslr ly Rin (at - lx' + a'), 
y =A sinh ly cos (at - lx' +a'), 

x, = - ~1 cosh ly sin (at+ lx' + <¥'), 
y, = .A sinh ly cos (at + lx' + a'); 

.. x + x, = - 2A cosh ly cos (at+ a') sin lx' = - 2A cosh ly cos (at+ tr - lL) sin [l (x - L)J (57) 
y + y, = 2A sinh ly cos (at+ <¥ 1

) cos ZJ/ = 2.11 si11h ly cos (at+ a - lL) cos (l (.1: - L)]. (58) 

29. Wtivc motion propagatell up a eanrtl closed at one end. 
Now in order that the displacements just written apply to the case in hand, two conditions 

must be fulfilled besi1les the equation of continuity (17) and the dynamical equation (22). 
First. Where x = o, 

y = .11 sinh ly cos (at - l.r +ti); 

for otherwise, an abrupt change in height would take place as we pass from open water into the 
mouth of the 1~am11. 

Secon1l. \Vhere .i• = L, 
X=O; 

for, at the head of the canal uo horizontal motion ca11 take place. 
If we write 

A cosh llf · x = --- ·iL-· sm [l (L- ,t')] cos (at+ a), 
cos J 

A siuh llf 
y= -·cos-,r~ cos [l (L - :r)J cos (at+<¥), 

all of these conditions are fulfilled. 
30. Application to long or ti<la.l 1cares. 
'.l'he expressions (59) and (60) now become, since cosh ly = 1, sinh ly = ly, 

l; = ---~ .. - sin [l (L - x)] cos (at+ a), 
cos lL 

_ Aly . . .. Y- --- ··iL· cos [l (L- .i)] cos (at+ a). 
cos 

(59) 

(60) 

(61) 

(G~) 
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From these we Ree that for all values of x, e and y or 17 are simple harmonic functions of the 
time; their amplitudes, however, depend upon the value given to x. -Throughout the canal the 
tide rises and falls simultaneously; in like manner, it ebbs and flows. Moreover, it is shwk water 
throughout the canal at the time fJf high or low water. If lL = 900, or any other orhl multiple of 
i ZA, the value of 17 becomes very great, especially as x approaches L, while for the even multiples 
it becomes zero for all values of t. A. is the length of a free tidal wave in a canal not obstructed 
by a barrier; when expressed in angular measure, ll is, of course, 2 7r or 3600. 

The average depth of the Bay of Fundy along its axis is 40 or 50 fathoms. Table 50 gives 
about 800 statute miles for the corresponding;\. .·. ! A. is about 200 miles. Now it happens that 
the length of the bay is about 150 miles, so that these particular dimensions may in part account 
for the large tides near its head.• But the wave progresses at about the rate due to depth according 
to Lagrange's formula, and so it is reasonable to suppose that the effect of the barrier is scarcely 
felt because of the gradual shoaling iu the uifper part of the bay. 

The Gulf of Maine, whose length inward is about 200 miles and whose depth about 75 fathoms, 
is, by Table 50, nearly ! A. in length. Hence the stationary character of the wave and the increase 
in range. t 

Portland Canal, forming a part of the boundary between .Alaska and British America, furnishes 
a good illustration of a nearly stationary wave. Its width and depth are quite uniform and its 
termination is sudden. Simultaneous observations show that the tide at Somerville Bay is simul­
ta11eous with the tide at Halibut Bay, 30 miles farther up the canal. Also that the tide at Ford's 
Cave, uO miles above Somerville Bay, is but five minutes later. Now the depth of the canal is about 
12.3 fathoms on an average along its axis, and so the time required for a wave to be transmitted uO 
miles would be about half an hour, instead of five milrntes. The range of tide is nearly constant, 
being on an average 13 or 14 feet. For a depth of 125 fathoms A. =about 1 300 miles, Table 50. 

31. Forel's seiche period. 
Let it now be required to find the period in which a body of water, as a lake, whose length is 2L 

and whose depth is It, will swing when disturbed from its position of equilibrium by a sudden vertical 
force acting near either end, or a loagitudiual horizontal force acting upon intermediate points. 

Taking the middle point as origin, either half may be treated as a caual closed at one end, 
and affected at the mouth with a periodic disturbance whose period is determined by its length 
and depth. y..r e have just seen that L shoulcl be ! 7t, in order to bring about the greatest rise and 
fall at the closed end. But the wave-length and depth being fixed, the periodic time becomes 
fixed by the equation 

A 
'T= =· .; gh 

(63) 

4L twice lengtli of lake. 
T= . -=-····· - --· ·-·-

.jg)/, v gh 

Replacing 7t by 4L, we have 
(64) 

It is an easy matter to test this formula experimentally. Suppose we have a rectangular tray of 
water 2£ inches in length and h inches in depth. Now, suddenly raise one end or otherwise 
disturb the equilibrium of the fluid. Tlle free wave immediately traverses the length of tlte tray, 
returns, sets out again, and so continues to go back and forth until the equilibrium is gradually 
restored. Next, supposo that as soon as the wave returns to the end of the tray where it was 
produced a similar disturbance is repeated. The wave will this time set out increased in size. 
I~et the slight disturbance be repeated periodically, according to the period thus determined, until 
finally the water simply swings, as it were, there being no progressive character of the motion to be 
seen. Formula (64) gives the period of the oscillation ill seconds, provided we express gin inches 
(= 386). Of course the period will generally be altered when the depth ceases to be uniform. 

Ferrel's explanation t of the abnormally large semidinrnal tides of the North Atlantic Ocean 
is based upon the fact that a tray or canal closed at both ends, extending from Burope to .America, 
having the average depth of the ocean along the parallel of about 52° north, would have about 

*Cf. Airy, Tides and Waves, Art. 506. 
t Cf. Mitchell, U. S. Coast and Geodetic Survey Report, 1879, pp.175-190. 
i Tidal Researches, ])p. 237 et seq. 
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twelve lunar hours for its complete period of oscillation. Possibly the periods of free oscillation 
of certain zones of the Pacific have considerable influence upon the size of the diurnal oscillations 
in tllat ocean. 

It is possible that component tides, whose periods are some fractions like~'!, ;f, ••• of a half 
tidal day, may be due in part to stationary oscillations of the kind just referred to; that is, they 
may owe their size to the length and depth of tile body of water in which they occur, rather than 
to the water being so shallow that the range of tide is a considerable fraction of the depth. 

32. Returning to equations (61), (62), we have 

ly 
Y =tan [T(L-x)]'<;. (65) 

That is, the surface particles, or particles originally occupying the same horizontal line, execute 
simple harmonic oscillations along fixed rectilinear paths, the tangent of whose inclination to the 
horizontal is 

Near the head of the canal this becomes 

ly 
fon[T(J,=-.~·)J' 

y 
L-x· 

(66) 

(67) 

Let us now suppose the displacements of- particles in the same horizontal row to take place 
about the same point; that is, let the distance ;r, ue eliminated, then 

y 2 
_ [A cos (at + a)] 2 

e2 + (liiT" - ---- cos-lL-- . (li8) 

This shows that if the middle points of all the rectilinear paths be placed at one point, the 
extremities of these paths will define an ellipse. For different yalues of t, the shm of this ellipse 
will vary, but its shape will ue unaltered. At the time of mean sea level the ellipse uec•.omes a 
point. For different values of y the major axis of the ellipse will remain uualtercd, uut the minor 
will Lie proportional to the depth taken. 

Confining ourselves to the horizontal motion, we may liken it to the horizontal motion of the 
particles in au elastic body fixed at one end, that is where ;r, = J,, and to the other cud of whid1 
a force is applietl. If L - xis small, tlrn uody is one of rectangular xy-section, and the displace­
ment of the particles will he proportional to the distance from the fixed end. \Vhen the length 
L - xis not small, the xy-sectiou is bounded by the lines 

where k is a constant. 

X=L 

X=X 

y=O 
y = :!: k sec [l(D - .-v)] (69) 

:~3. How the range of tide may be increased 1chen the cross section of the canal becomes s;11alle1·. 
The energy contained in a long wave can be shown to he directly proportional to its length, 

breadth, and the square of the amplitude of its vertical oscillation. ·Now, if the cross section 
varies so slowly that the wave is not disintegrated by reftecti"on, and if other dissipating causes 
are ignored, the energy will remain constant . 

• •• A. x b X 1/ = a constant 

But A. is proportional to ./gJi, and so 
a constant 

11 = -- 6~111- - . 

(70) 

(71) 

The effect of gradual shoaling and converging shore lines, is an increase iu the amplitude of 
the tide wave.• Having once been so increased, it is possible for it to lie propagated along the 
shore as n free wave, virtually governing the tide for consideruule distances. 
---------------··----- ·--------- -----·----

* 8eo Lamb, Hyuro<lynnmics, \I§ 171, 181, 182. 
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SOJIE HYDRAULIC CO~SIDERA'l'ION:;\. 

34. A bay, ha.rbor, or tidal river with but one opening. 
Ijet us suppose that the tide is known at a sufficient number of places to enable 011e to 

ascertain approximately the heig11t of tide at any given place in the harbor. We are now uot 
concerned with what takes place out:::iide, but simply with the cver-chauging tidal volume within. 

"\-Vben the volume is a maximum it is clearly '' slnck-before-ebb" at the opening or mouth of 
the harbor; when a minimum, '' slack-hefore-fioou." 

If, in a short canal of uniform width closed at one end, the deptll be such that tlie range an<l 
shape of the tide are constant, then it will be slack water at a given cross section when the creii-t 
or trough of the tide wave is mid way between the given cross-section aud the head of the canal;* 
for, tl1e average depth of tho water will then he a maximum or a minimum. 

Supposing the cross section (F) at the month of a harbor to be constant, we have for the 
velocity 

ldV 
1
) =JI' dt (72) 

whero ilY denotes tbe change in vo1ume <luring the :;hort iuterval of time dt (si1y ten or twenty 
minutes). 

If the area of the haruor is tl1e same at high as at low water, and if the rise and fall of the 
average surface be denoted by 

y =A cos (at+ arg0 A - .A.o) +I? cos (bt + arg-., .B - Ro)+ (73) 

tlien tlle velocity at the mouth of the harbor is evi1lently proportional to <~~'and so to 

.A,a sin (at+ arg0 A -A 0 ) + Bb :-;in (bt + arg., B - B 0 ) + (74) 

In otlier words, the amplitudes of the various current components compa1 e among themselves, 
not as the amplitudes of tlle correspo1uli11g titlnl components of the harbor, but as these latter 
multiplied by their respective speeds. IIcnce, the 11iurnal inequalit,y in tlie current velocities is 
less striking than in the heights of the tide. If, for the sake of form, we write cosines in the place 
of sines, we must apply ± 90° to tho abo"·e angles . 

.Example.-Tho area of San Francisco Bay aiHl tributaries being about 430 square miles, the 
width of the Golden Gate at Fort Point 1 mile, and the average (mean sea. level) depth at this 
section 30 fathoms, required, the Yelocity of the currci1t when the height of the bay is cllaugiiig at 
tbe rate of lk feet per hour. 

Here the hourly challge of volume is 

430 x 5280x5280x1~ cubic feet, 

a11<l so tile cliauge per second is about 5 000 000 cuuic feet. The area of the cross-section is about 
950 000 square feet. 

GOO , 
.. ·. v = !Jfj = 5·3 foet per second = 3·1 kuots. 

In a body of water as large as· this, ranges of short duration can not conveniently be used 
with accuracy for estimating the hourly change in height, unless the tide is known ~\t several 
points in the hay. 

35. On tlte steady flow of streams. 
The well-known formula due to Bralnus aud Chczy is 

v=cvRS, (75) 
or 

velocity= empirieal constant x /~ :fren. orcross-section---~-!~ead?r f~!! 
V length of wetted-perimeter leJJgth ' 

= U. coefficient v'liydraulic I;-adius X sloi)e-: (76) 
. ·---· . ·- ·-------------

•Cf. L. d' Auria, Jour. Franklin Instituto, Vol. 131 (1891), Jl. 267 
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Bxperiments show that c~ in a measure, depends upon the roughness of the wetted-perimeter, 
upon the value of R, and of S. The value of c is onen round about 90, when the foot unit is used, 
aud about 50 when the meter; but the values vary widely.• The best known of the more elaborate 
formul:e is the one generally styled Kutter's.t Because of the inertia of the water, it is obvious 
that no general formula can be conRistent for various sections of a large river like the Lower 
Mississippi. 

36, On the .flow thrmt[/h a small opcninr1 connecting two large bodies of water. 
Suppose we have two large tanks of water connected by a very short horizontal pipe; also 

suppose the difference in level (y,,. -y,.) of the surfaces of the fluid to remain consta11t. All 
particles in this pipe, at whatever depth it may be situated, and whatever may be its dimensions, 
pr<>vided only it is moderately small, i:;hould, by Torricelli's theorem, move with a velo'eity 

v = v'J!l UJ,,, ~ !},,). (77) 

If the dimensions of the pipe have to he taken into account, because of friction between it 
and the water, we have -

(78) 

w},lere r;: is a coefficient supposed constant for a given material. 
37. Short tidal river or stra.it connecting two large bodies of water, one or both of which arc tided. 
"\Ve shall suppose that the horizontal motions of the two bodies is 80 small that their iufiuence 

upon the velocity of the water in tlJC strnit may be 11egleetP.d. Consideri11g only one compouent 
of the tide, the respective heights at auy given time are 

or 

where 

y,,. =A,,. cos (at+ a.rg-0 A. -A,,.o), 

!/,.=A,. cos (at+ nrg0 jl -A,,}; 
.·.JI,,, - y,. =[A,,. cos A,,.o -A.. cos A,,O] cos (at+ arg-0 A) 

+ [.1l,,. siu A,,. - A,. sin A,.0 ] sin (at+ arg-0 A), 

_ .JA:2+-A. .. 2 ~ 2A;::-X,;-C<!sT.A.:,0 --.::·:.C0 ) cos (at+ arg0 A+ o), 

A,,. sin A,,,0 - A,, sin A,,o 
tan o = - · -A- -0---· ·· • ,-·· - o' 

.1l,,. cos '" - A,, cos .il,, 

(70) 

(80) 

(81) 

showing that the difference in level of the two surfaces is a simple l1armo11ic function of the time. 
Supposing the motion steady for a limited time, the horizontal velocity in the strait should he, at 
a given point, proportional to ,;---y,,, -y.,. 

Now it can be shown by § 58, Part II, that 

:::!:: v- ,-~fo--fi f = 1 ·l l:! sin fJ + 0·155 sin 3 fJ + O·OGG sin 5 fl + 

::!:: v fcos-fi I =l·ll'Jcos () - 0·115cos311+ 0·066 cos5 fJ-

(82) 

(83) 

consequently the velocity of ebb and tlow is not a simple harmonic function, although the tide in 
either body of water rises and falls accordi11g to snch law; that is, there are terms whose periods 
are n ' } ' ... part of the period of t.he fundamental. 'l'heir effeds upon the current curve, is 
to give it a less pointed appearance than a curve of srnes, i. e., to render it more like a semicircle. 
An illustration of such a condition is to be foun1l iu the East Hiver, which couuects New York Day 
with Loug Islaud Sound. Diagrams of the currents in this river, off 'l'wenty-third street, New 
York, are given upon pp. 423, 425 of the Ht1port of the United States Coast and Geodetic Survey 
for 1886. 
---------- ··--------- . --- -·------

*For numerical values under various conditious, soc Hermg nllll Tran twine's trauslntiou of Ganguillot arnl 
Kuttor's work, A Geuornl Formula for tho Umform Flow of 'Va tor in Hi,·ors and in Other Channel:;, pp. 39, 160-223, 
233-2:rn; also Church, Mechanics of Eugineormg, pp. 738-7Gl. Tho symbols H, S, nucl c uro hero special or temporury 
iwtutiou. 

t Gunguillot an(l Knttcr, Joe. cit., pp. 2·1 et Blllh p. 129. Chureh, loo. cit., p. 759. 
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E.rample.-Given, at Governors Island, M2 = 2·1 feet, l\I20 = 231°; at "Willets Point, M2 = 3·6, 
M2o = 330°; required, the times of slack water and of 111axim11m vl'locities in East River. 

Reckoning from the time of transit,_ we l1ave, for the difference in level, 

y,,. - y,, = 2·1 eos (m 2t - 231°) - 3·6 cos (m2t - 330°). 

This becomes zero when 

and a maximum "or a minimum 

But when Y.,, - y,. is zero, so is v of (77) or ( 78); likewise fur a maximum or a minimum. When it 
is high water at Governors Island, m2t=231°; and when low water, m2f=510. 88°-f>1°=;r;o=1·3 
hours as the time which slack (before flood) iu East lUver should follow the time of low water. 
The strength of flood (easterly current) should occur when m2f=17SO; tbis means 2310_1730 or 
530 or 1·8 hours before high water at Governors Island. Similarly, the slack before ebb in East 
River occurs 1·3 hours after, and the strength of ebb 1·8 hours before, the time of high water at 
Goveruors Island. 'fhese i:;tatements conform well with observed values, the results of which are 
giyen in the Coast Survey Tide 'l.'ables. 

That the velocities of the fluid particles inherent in the wave motions do not account for the 
currents in East River, appears from the fact that at two hours before high water at Governors 
hlaml, the current off Old Ferry Point (a fow miles west of Willets Point) is flowing westerly at 
the rate of 1·5 knots, which is nearly its maximum value at that place. In the Lower Hudson, off 
Thirty-ninth street, the maximum velocities are about simultaneous with the tides at Oovernors 
Island, as the theory of wave propagation in an iudefinite canal would require. Two l1011rs before 
high water the velocity is small (0·7 knots) and in a northerly <lirectiou. Now, had the wave 
been propagated up .East River in a similar manner the Yelocity would be small at this hour. As 
a matter of fact it has very nearly its maximum value throughout the narrow portion~ of the 
river. Moreover, it can not be due to the wave motion from the east, because off Old Ferry Poi11t 
the velocity is small and in an opposite direction. 

Thus it is seen that the rapid currents of East IUver, and particularly around Blackwells 
Island, are not due to the superposition of two horizontal motions of tbe water as in si111ple 
wave motion, but to tbe rlifforence in head between New York Bay and the western portion of 
Long Island Sound."' 

·---·····--··· ·---- -.----------------
•Cf. l\.litcllell, Unitc<l Stutes Coast :m<l Geo<lctic Survey Hcport, 1887, p. 311. 
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CHAPTER III. 

ON THE ORIGIN OF TIDES. 

38. In the preceding chapter, the tide wave has been regarded as an existing phenomenon 
without special reference to its astronomical cause. It is proposed to here briefly consider the 
origin of the tide nnder several conditions. This will indicate some of the difliculties with which 
a general theory has to contend in the case of nature . 

.All particles of the earth (including the seas) will occupy positions fixed relatively to one 
another if no other forces act upon them than the following: the earth's attraction, its centrifugal 
·force of axial rotation, and an extraneous force acting upon all of its particles alike. If the 
extraneous force does not act upon all particles alike, then motions will be set up in the yielding 
parts. 

Suppose the earth to consist chiefly of a spheroidal nucleus either rigid throughout or rigid 
in its outward layers. Suppose this nucleus to be covered in whole or in part by one or more seas 
either shallow or not, in comparison with the earth's radius. The attraction of the moon upon any 
given particle near the surface, say, is along a line drawn (at any given instant) from the particle 
to the moon's center; its intensity, which is inversely proportional to the square of the distance, 
and local direction (i. e., direction with respect to the earth's surface) continually change as the 
earth rotates upon its axis. The attraction of the moon upon a particle at the earth's center is 
along a line drawn from the earth's center to that of the moon; its intensity is independent of 
the earth's axial rotation. 

'l'he difference between these two forces may be called the tide-p1·oducing force at the surface 
point in question. 

Just what this force will do to the water as the earth rotates upon its axis, cannot be clearly 
seen except for very special cat:!es. This force being very small in comparison with the earth's 
attraction, its vertical component, which slightly alters the intensity but not the direction of 
terrestrial gravity, cannot set up in seas shallow in comparison with the earth's radius any 
considuable motion amongst the fluid particles. The horizontal component of the tide-producing 
force may, however, impart a sensible horizontal motion to the waters of au extended sea, and, 
because the fluid is incompressible and continuous within a given basin, indirectly create a slight 
rising and falling of the surface, whether or not the period of the earth's axial rotation were 
sufficiently long to enable the surface to approach a level surface; i. e. to arrange itself normal to 
disturbed gravity at each point. 

39. The tide-producing force. 
The system of arrows in Figs. 3, 4, and 5 are intended to represent the horizontal component 

of the moon's tide-producing force at various places on the earth's surface. The arrows located 
upon the same small circle (isodynamic line) are supposed to be of equal length, and all arrows 
are supposed to lie in a system of great circles which meet in a point directly under the moon and, 
of course, in a point 180° therefrom. .At these two points the length of the arrows is zero; for, 
the horizontal component of the moon's disturbing force must there vanish-the force itself being 
vertical. T.he length of the arrows is likewise zero along a great circle midway between these two 
points; for, all points along this circle are very nearly as far from the moon as is the earth's center. 

The system of arrows is fixed with respect to the moon, and so sweeps over the surface of the 
earth as the moon performs her apparent daily revolution, or shifts somewhat as she declines 
north or south from the celestial equator. At any point P 011 the earth's surface, the moon being 
upon the equator, the horizontal forces are equal in magnitude and direction to the horizontal 
forces at P', a point upon the same parallel of latitude as P, but 180° distant in longitude; or, 
what amounts to the same thing, they repeal; themselves at any given point P every half lunar 
day. But when the moon is not upon the equator, the forces are not generally the same at P and 
P', either in magnitude or in direction, and so do not exactly repeat themselves every half lunar 
day. This alternation of the forces gives rise to a diurnal inequality in the tides. 

6584-.-23 353 
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It will be noticed that for places situated upon either side of the equator, the forcP.s have, 
when the moon is upon the equator, a meridional compouent directed from the poles toward the 
equator, and that this component never points from the equator toward the poles; consequently 
the existence of the moon causes the water (half-tide level) at the equator to be higher than it 
would otherwise have been (cf.§ 47). 

The moon's movement in declination causes a fortnightly fluctuation in half-tide level. 
The magnitude of the tide-producing force can be shown graphically by means of the following 

obvious construction:• 
Let M denote the moon, or its mass; .B, the earth's center, or the earth's mass; P, any point 

whose distance is p from E; r, the distance EJ.lf, and D, the distance PM. 
·i 

Locate a point 0 on PM produced through P such that Ollf= r x J;
2

• Consequently if we let 

EM represent the attraction of the moon, 1lf, upon unit particle at E, which attraction is !:'-~~' 
r 

01lf will represent, upon the same scale, the attraction of Jlf upon unit particle at P, which is !!.A~~. 
µdenotes the attraction between two unit particles unit distance apart. Join 0 and E; then OE 
represents in both magnitude and direction the disturbing force of ilf upon P. The projection of 
OR upon PE, produced when necessary, is the vertical component of the disturbing force, and the 
perpendicular line from 0 to PE is the horizontal component. 

M 

Fig. Ii. 

1. To find tl1e magnitude of OR when P lies 90° from M. Ju this case 0 coincides with P and 

OR becomes equal to p. But if the length B1lt or r represents the force f~_llf, the leugth OE rz 
µ .M P or p must represent a force -., -x ·-- . That is, the tide-producing force at a point 90° from Jlf acts 

r- r 

vertically downward, and its magnitude is one Cth, or about one-sixtieth part of the direct 
r 

attraction of the moon upon u11it mass of the earth. To express tllis iu feet alld seconds units, as 
!I is usually expressed, we note that 

µ }t' g--. ~ - a,2' (84) 

or (85) 

wllere a is the mean radius of the earth and E its mass.t Since p ==a, the compressing force at 
l' becomes 

or 

111 (a -):i 
E r, .g, 

1 ( 1 ):J 
-~n:;-01· Ji0·34 u, 

= 0·000 000 056 15. g 
=--= 0·000 001 806 feet per second. 

•Cf. Newton's Principia, Bk. I, Prop. 66. 
ta= v' (equatoriai radius)• (polar rad'fiu1) = 20 902 000 feet= 3958•7 miles. 

(86) 

(87) 

(88) 
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2. To find the magnitude of OE when P lies on the line E.M. Here])= r =f p; and so OM 

( 

2 
= r x lJz) = r ± 2p, and OE = ± 2p. But upon the scale adopted OE must represent a force 

whose magnitude is 
()µAl p 
... -X-·­r2 r 

=2~ c~)3 g. E r 
(89) 

It is directed toward the moon when I' lies between E and J1f an.d from the moon when beyond E. 
The horizontal cornpouent is zero. The entire range of the disturbiug force, as the angle between 
Mand p varies from 0° to 90°, is 

111 a :i 
3 E ( r-) u = o·ooo ooo ms 0. (!JO) 

3. The above construction shows that for most positions ef P the vertical and horizontal 
components of the tide-producing force are not very unequal in magnitude; for, OE is inclined at 
all angles according to the positions of I'. The general expressions for these are not so 
conveniently derived from the above construction as from Proctor's, given in§ 31, Part II, or from 
dilforentiating the tide-producing potential along the dfrection of the required force. The vertical 
and horizontal component forces are 

f.'lJ!f! (' 3 cos2 e - 1-) 
r·I ' 

(!H) 

3 µMP . {} fl , 3 µllf P . <> 8 
- ··1· . sm cos ' OI ·>- - .. Sill.., • 
r· - r" 

(!)~) 

Since the l1orizontal acceleration c:
1

2t;) is; µ~p sin 2 e, or 0·000 002 71sin2 e feet per secoud, we 

have upon integratiou over 90° or three lunar hours. 

t; = 0·000 002 71 x 1 .. = 137 feet, 
m; 

(03) 

where m 2 is 0·000 1405 radian per second, instead of 28·9S4 degrees per 110ur. This gives 137 feet for 
the maximum excursion of a particle at the equator east or west from its mean position, due to 
the moon. 

In order to see that the vertical force can have little or nothing to do with the tides, Jet us 
suppose that, in a sea of uniform depth, the density of the water be increased or decreased from 
place to place in such proportions as the force of gravity is altered by the vertical disturbiug force 
of the moon. But the extreme variation in density over the globe would then be ouly 0·000 000 ms. 
And so, returning to the consideration of water of constant density, it follows that the extreme 
variation in the height of the free surface of a sea of uniform depth would be but a 0·000 000 ms 
part of the depth. 

'fhe vertical force being generally about the same magnitude as the horizontal, and acting 
uearly perpendicularly to the free surface of the fluid, cannot create a horizontal motion compar­
able with that created by the horizontal force. 

The deviation of the plumb line is evidently due wholly to the horizontal force. It is supposed 
to be practically independent of the depth or mass of the water, the topography of the continents, 
etc. Any surface normal to the disturbed plumb line is a level su1face. 

If a liquid surface coincide with au instantaneous level surface, while the latter undergoes 
changes, the forces responsible for the behavior of the liquid must be horizontal and not vertical. 

40. A small but not extremely shallow body of water. 
In this case the motion of the fluid hardly need be eonsirlered. The only thing necessary to 

be done is to find at any given instant how the direction of terrestrial gravity-that is, the direction 
of the plumb line-is perturbed because of the moon's attraction, and to then assume that the 
instantaneous surface of the water is perpendicular to this direction. 
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The direction of the plumb line at a given place, but for the presence of a tide-producing 
body, would remain fixed with respect to the solid earth, although the latter rotate upon its axis. 
In general, the horizontal component of the moon's tide-producing force will cause the plumb bob 
to deviate slightly from its undisturbed position. The point of suspension of the plumb line being 
fixed with respect to the earth's nucleus, cannot be altered with respect thereto, no matter what 
the tide-producing force may be. But the plumb bob is acted upon by the tide-producing force for 
the particular place (which is the difference in the moon's attraction for this place and for the 
earth's center) and is free to move horizontally. This' force combined with the force of terrestrial 
gravity shows the deviation in the direction of the plumb line. 

If the surface of a small body of water arrange itself normal to the disturbed plumb line, it 
must perform two similar oscillations each lunar day when the moon is on the equator. The tides 
in such a body are necessarily small because this deviation of the plumb line is only 0"·017 
(= 0·000 000 084 radian) either way from its mean position. 

When the moon is not upon the equator, the tide-producing force at a given time differs some­
what from the force twelve lunar hours before or after. For this reason the two high waters and 
the two low waters of a day will generally be somewhat unequal. 

The Levant, or part of the Mediterranean Sea east of Sicily, can be taken as an illustration. 
It extends approximately east and west about 1100 miles, with a depth ranging from one to two 
thousand fathoms. [The velocity of a free wave in this depth is three or four hundred miles per 
hour, and so the surface can, as will be explained in §42, keep itself approximately perpendicular 
to the direction of perturbed gravity.] Because this sea is in not very high latitude, and extends 
approximately east and west, it should be high water on the coast of Syria about three hours 
before the moon's transit over the middle of the sea, and low water at Malta and the eastern coast 
of Sicily at the same time. In other words, it should be high water at the latter places about 
three hours after transit. These conclusions agree with the results of observation. The range at 
the ends should be roughly 

11 000 x 5 280 x 0·000 000 084 = 0-5 feet, 

which is somewhat smaller than observed values. 
Suppose that at the center of gravity of a lake's surface we draw a plane normal to the 

plumb line; it will cut the surface in a line which may be called a "line of strike" and whose 
direction is that in which the deviating force is zero. The deviating horizontal force acts in a 
direction (an azimuth) perpendicular to this line. The height of the tide at any instant, or the 
volume of water in an elementary area, will evidently be proportional to the distance of the given 
elementary area from this line. Therefore if the volume of water in the lake remain constant, 
the statical moment of the entire lake surface must be zero, and so the line must pass through the 
center of gravity as we have assumed. This point is evidently the point of no-tide. Being a 
point of no-tide, the times of high water are anything whatever; in other words, all cotidal lines 
radiate from this point. In ascertaining the tidal forces at such a point, only its latitude need 
be considered, and any diagram for the purpose will apply anywhere upon the same parallel, 
regardless of longitude. 

The horizontal deviating force is 

~ !:'J;e sin 2 fl = 0·000 000 084 ,q sin 2 fl. 
r 

. · . 0·000 000 084 sin !.l fl 

(!.14) 

(95) 

is the angle of deviation (expressed in radians) or the slope of the surface of the water due to 
the moon's disturbance. 

For a given latitude (1) and hour-angle (1p - l), we can suppose e known through the equation 

cos fl= cos A cos o cos (1/J - l) + sin A. sin cl', (96) 

o being the moon's declination; and the local direction of force through the equation 

sin z sin e =cos 0 sin (¢-l). (97) 



REPORT FOR 1897-PART II. APPENDIX NO. 8. 357 

In this way for a given value of o and of l, a set of force arrows radiating from the assumed no­
ti<le point and equal to sin 2 ()can be constructed for various values of (¢ - l). Their heads will 
define a certain curve. To ascertain the height of the tide at any point, not too far distant, at a 
given lunar hour, compute or observe the value of sin 2 fJ on the force diagram; also ascertain 
the distance in feet from the given point to the line of strike (which is perpendicular to the force 
arrow); multiply these together and this product by 0·000 000 084; the result is the height of the 
tide in feet reckoned from the lake surface as it would be if no moon existed. The required 
distance can be conveniently ascertained by letting the given point and the no-tide point define 
the diameter of a circle. Then produce the force arrow until it meets tlie circumference. From 
this intersection to the given point is the distance required. 

To determine the time of l1igll or low. 'water, ascertain the point on the force curve where 
the normal is parallel to the diameter of the circle defined by the given point and the no-tide 
point. The hour-augle belonging to that force arrow is the angle required. Of course the time 
used in reckoning is that belonging to the longitude of the no-tide point. 

When o=O, the force curve is an ellipse whose equation is 

y2 + (sin2 ;\.) x2 =(sin ;\ cos;\) y (98) 

where y is reckoned southward. 
In practice it is more convenient and accurate to make use of the horizontal disturbing force 

resolved into two directions (north-and-south, east-and-west). These are each developed, § 49, 
Part II, into semidiumal, diurnal, and long period terms with either constant or somewhat 
variable coefficients. 

The results obtained in § 49, Part II, or which may be obtained as above, for the tide at 
Duluth, Lake Superior, agree well with observed values. The computed equilibrium tides at 
Chicago and Milwaukee, Lake Michigan, have ranges considerably smaller than the observed 
values and their intervals are not as satisfactory as the interval obtained for Duluth. In fa.ct it 
seems that almost all bodies of water have portions of their coast lines where the range of tide is 
unreasonably large, indicating that a wave movement has been propagated over a sloping bottom. 

Tile tides of the Gulf of Mexico can be explained by aid of certain assumptions which are 
based upon observations. 

Assuming that the semidiurnal wave does not exist (or is very small) south of the Yucatan 
Channel, then there is no derived semidiurnal tide from that source. A cross-section of Florida. 
Strait is small in comparison with a cross-section of Yucatan Channel. The semidiurnal wave is 
not large in any portion of Florida Strait; and so from that source the Gulf can hardly have any 
considerable derived tide, the eastern part excepted. 

At Vera Cruz, wh~ch is near deep water, the observed interval (2h 49m) and range (0·4 feet) of 
the semidiurnal wave approximately agree with the theoretical values obtained by considering 
the Gulf a closed sea. In the northeastern portion of the Gulf which has broad shallows, the range 
of tide is greatly increased. At Port Eads, near the mouth of the Mississippi River, the range is 
nearly zero as we might expect it to be, on account of the proximity of the no-tide point. 

Now observation shows that the diurnal wave does exist south of the Yucatan Channel. The 
latter being broad and deep, permits enough water to enter the Gulf to raise its whole surface 
almost simultaneously. Observation shows that the tropic high-water interval of the diurnal 
wave for Gulf stations is generally between 19 and 22 hours, while the tropic range of the diurnal 
wave is generally between 1 and 2 feet. 

41. An hypothetical equatorial canal of 1iniform depth sm-rounding the earth. 
The present illustration is given for the purpose of showing that the surface of the sea does 

not of necessity arrange itself normal to the plumb line as disturbed by the moon; and here also 
it is necessary to consider the force tendilig'to deviate the same, that is, the horizontal component 
of the moon's tide producing force. All particles of the canal in the hemisphere toward the moon 
have imparted to them horizontal accelerations, urging them toward a point of the canal where 
the moon is on the meridian. All particles in the other hemisphere are at the same time urged 
toward a point 180° distant in longitude. There is no acceleration (east or west) at these two 
points, or at points 90° distant wllere the moon is in the horizon. Consequently, at any given 
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place, from moonrise to upper local transit., the acceleration is eastward, because the particle is 
continually approaching the moon; from transit to moonset the acceleration is westward; from 
moonset to lower transit it is eastward; and from lower transit to moonrise it is westward. Now, 
if the fluid be heavy and frictionless, the maximum eastward velocity will occur after all the 
eastward acceleration has been imparted, that is, at lunar noon or midnight; the greatest 
westward velocity, at moonrise or moonset; and zero velocity at the third, ninth, fifteenth, and 
twenty-first lunar hours. 

All the time from moonrise till transit, more water flows toward the east than enters from the 
west at a given place, because the particles of moving water are continually acted upon by a force 
imparting to them an eastward acceleration. The reverse is true from transit to moonset. 
Similarly for the other half of the lunar day. During one of these periods the tide must be 
continually falling, and during the other continually rising. Low and high waters occur at the 
close of these periods, that i:::1, at the transits and when the moon is in the horizon. The tides 
having a fixed position with respect to the moon, it follows that the wave-form travels westward 
around the earth twice during each lunar day. Of course even the horizontal displacements of 
the fluid particles are small in comparison with the earth's radius. But it is obvious that if the 
wave-form advance westward, the orbital direction of the fluid particles must be such that the 
particles at high water are moving westward and at low water eastward; and so, as just stated, 
high water must occur when the moon is in the horizon, and low water when on the meridian. 

Let x denote the distance of the place east from the meridian of Greenwich, or x be its east 
a 

longitude (in radians); let a or arg 0 Mz denote twice the hour angle of the moon at the time t =0. 

is twice the angle reckoned westward between the point and the moon. 
The eastward and upward displacements of the forced waves are 

wherein are put temporarily 

c2 H 
17 = 1 c2 2 2 cos 2 fJ, -m1a 

c2 = g It, 

H = <!/. 
g 

(99) 

(100) 

(101) 

These satisfy the equation of continuity (17) and the dynamical equation [cf. (23), (25), (92)] 

J2~. =c2 d.
2

~ -f sin 2 8. 
Jtz Jx2 

(102) 

The eastward accelerating force due to the rate of change in pressure due to height of the free 

surface is c2 J~~. But the moon exerts a retarding (westward) force equal to f sin 2 fl. Hence 
J;A,- . 

the above equation. Frictional resistance can be taken into account by subtracting from the 

right.hand member of this equation a term proportional to some power of the velocity(~~). 
The forms of ~ and 17 must then be altered to correspond.• 

•Airy, Tides and Waves, Arts. 322 et seq.; Abbott, Elementary Theory of the Tides (1888), pp. 33 et seq.; 
Lamb, Hydrodynamics,§§ 178, 276 et seq. 
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When the water is shallow 

e = t _[_2 sin 2 (} = 137 sin 2 (}feet, 
ID1 
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(103) 

(104) 

The amplitude of the tide in a shallow equatorial canal is therefore but a small fraction of a 
foot and is proportionate to the depth. The tide is evidently inverted since low water occurs when 
2{} = 0°. 

When the depth is such that the free wave travels as fast as the moon or the forced tidal 
wave, then 

(105) 

and so the displacements tend to become infinite. Such a value of h is 67 000 feet. For greater 
depths the tide would be direct, i.e. high water would occur when 28 = 0°.• 

When the depth is very great the displacements approach the values 

(106) 

17=~ H cos 28. (107) 

It will be seen from § 47 that this value of 17 is equivalent to the tide of the equilibrium 
theory, H denoting the range of the lunar portion, which is about 1·8 feet. 

It is important to note that in a shallow canal (and no others exist on the earth) the displace­
ments depend upon the period of the disturbing force, or the "speed" of the disturbing body. 
The greater the speed, the smaller the amplitude. Hence, the ratio of the amplitude cf the solar 
to that of the lunar tide ought to be leRs than the ratio as derived from the equilibrium theory. 
In nature this is generally found to be the case. 

It should also be noted that when friction is taken into account, not only does the amplitude 
or coefficient of the displacement depend upon the "speed" of the tidal body, but the angle or 
phase of the displacement does likewise depend upon it.t 

42. The ti<les of the ooean do not produce a level surf ace. 
In order to be convinced that the instantaneous surface of a large. body of water cannot be 

a level surface, let us inquire what takes place when a vessel or trough of water is slightly dis­
turbed-say slightly elevated at one end. If the disturbance be sudden, evidently a wave will 
be seen passing back and forth across the surface; finally it will disappear and equilibrium will be · 
restored. If the disturbance be gradual no wave may be noticeable, but equilibrium will be 
restored at each instant. Now suppose the trough to be so long that the gradual elevation and 
depression of one end of it takes place in a period of time less than the time required by the free 
wave to traverse its length. As long as the disturbance continues equilibrium cannot be restored. 
Hence it follows that the length of the trough and the depth of the water must be such that the 
free wave travels the length of the trough several times during the period of the disturbance if the 
surface is to remain nearly level. From this we conclude that the surface of an ocean cannot be 
a level surface, because too much time is required for the free wave to cross and recross-in other 
words, for the surface to arrange itself normal to the plumb line. 

For example, the period of the (semidaily) tidal forces is about equal to the time required for 
a free wave to be transmitted from Japan to California.. 

43. Tidal observations have been confined to such portions of the sea as have comparatively 
small depths. For this reason it has seemed impossible to ascertain what actually takes place in 

---------·-----·- ----
*This usage of the word "direct" is due to Dr. Thomas Young. Perhaps it might be well to sul>stitute 

therefor the word "erect," and to use the word "d!l'eot" in antithesis to "derived." · 
t Airy, loc. cit. 
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deep waters, causing the tides observed along the shores of continents and islands. If it slrnll 
become possible to detect, even roughly, the rising and falling of the tide at sea by means of the 
barometer,• this much-needed information will be supplied, and charts of cotidal lines may then 
be constructed with some degree of certainty. 

In case of a deep but small inclosed sea, the surface of the water undoubtedly keeps itself 
perpendicular to the direction of the earth's gravitational force as perturbed by the tidal body. 
In other words, the maximum excursions of fluid particles take place when the deviating force is 
a maximum. As already noted, this implies that for an equatorial lake or sea the surface is most 
inclined to its undisturbed level at the third hour before or after its semidaily transit across the 
no-tide meridian. At the third hour before the transit the eastern portion should have high water 
and the western low water, and vice versa for the third hour after its transit. 

It is reasonable to suppose that the particles which constitute a very large body of water, like 
an ocean, may have a tendency, because of their inertia, to reach their greatest displacements in a 
given direction not when the force acting in that direction becomes a maximum, but rather when 
the force in the opposite direction becomes a maximum or nearly so, as in the case of the equatorial 
canal already considered; for instance, extreme eastward elongation at a given place may for this 
reason occur about three hours after the time of the moon's transit across the local meridian. 
But, as shown in § 41, the range of tide in a self-returning equatorial canal is small in comparison 
with the range of tide in even a moderately large sea where the (corrected) equilibrium theory 
must still approximately apply. From this we are led to believe that in producing the tide the 
effect of the horizontal motion alone in a boundless shallow ocean is probably small. It is the 
boundary conditions (shores and bottom) which come in to enable the astronomical forces to pro· 
duce tides of considerable magnitude. In fact these conditions make an approximate equilibrium 
tide possible in a sea not too extended. Other effects of boundaries have been noted in §§ 30, 33. 

A large body of water approximately surrounded by lands and shoals is set into some kind of 
oscillation by the tide-producing forces. The manner in which it will be divided into vibrating 
masses by nodal lines depends upon the extent, shape, and depths of the body of water. 

Probably off the eastern and western boundaries would be found the greatest direct+ effect of 
this action, although right at the shores themselves the range of tide must generally be still 
greater, owing to the propagation of the free wave over shallow areas. Whether the eastern or 
western edge have the greater rise aud fall of tide will depend upon the bounding lands and 
shoals, also upon the extent of the water. 

If the tide at one point be considerably greater than that at others, the wave there generated 
may be propagated far as a free wave and partly control the positions of the cotidal lines.:j: 

In large oceans them may be traces of waves, which move westward at the rate of 3uoo in a 
lunar day. But whatever waves go to build up the tidei the combined effect probably makes 
cotidal lines generally real. 

In regard to latitude it may be said that direct equatorial tides should have large semidiurnal 
and small diurnal constituents. The semidiurnals should decrease as the latitude increases, and 
the diurnals increase up to latitude 450, after which they decrease. 

44. If a bay communicates with the ocean, its tide is almost wholly derived from without. 
That is, a free wave is propagated up the bay, its velocity depending chiefly upon the depth of 
the water (§ 23). Numerous reflections from the sides and the head of the bay may be sufficient to 
alter the phase of the tide (at any given instant) somewhat, and so the velocity of the resultant 
crest. The same cause may likewise alter the amplitude. It is obvious that the corresponding 
reflections of the diurnal wave will not, m general, have the same accelerating or retarding effect 
upon its crest as had those pertaining to the semidiurnal. In such regions the type of tide may 
vary rapidly from point to point; that is, the diurnal and semidinrnal waves do not travel with 
the same velocity as is the case in a canal of uniform depth, the friction being for simplicity 
assumed to be zero. Speaking more generally, the particular form and size of a bay, in conjunction 

~See R. Abercromby, Phil. Mag., Vol. 25 (1888), pp. 263-269. 
ti. e., ns opposed to "derived" or "propagated." This usage of the word "direct" ho.s nothing in common 

with Dr. Young's usage of the same word mentioned in§ 41. 
; E.g., Gulf of Panama. 
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with the fixed periods of the tides, govern or define its tidal movements or vibrations. For 
example, the Tidal Survey of Oanada has shown that the semidiurnal tides at St. Peters, Prince 
Edward Island, are about two hours earlier, and those at Miramichi Bay more than three hours 
earlier, than the tides at St. Paul Island at the entrance to the gulf. 

The statements made concerning the propagation of a wave up a bay, must not be taken too 
literally. The fact is that even if we have so simple a case as a sea or bay (whose own or direct 
tide is negligible) communicating with the ocean by one or more comparatively small and definite 
openings, and if at such mouths or openings the tides and currents are known from observation 
so that they could be predicted at any future time, we are, in the present state of our knowledge of 
wave motion, quite unable to predicate the motion in various parts of the sea or bay, although all 
depths and boundaries are known. It is probable that cases of this kind will sooner or later be 
attacked by mathematicians, and with some measure of success. 

Such considerations as the above, but more especially the fact of interference due to the water 
approaching from more than one direction, explain in part the great variety in the types of tid~ 
found in island regions. 

The reason why diurnal tides should succeed better than semidiurnals in passing barrier reefs, 
and therefore becoming conspicuous in island regions, is obvious. In fact, the shorter the period 
of the wave, the more a reef or other great obstruction will affect it; and this because the amount of 
water which passes it in the fl.ow and the ebb (the ranges being equal) increases when the length 
of the period is increased. A tide of long period and an almost complete barrier, so far as tides of 
short periods are concerned, serve to illustrate what is here intended. 

45. Perhaps the only ocean region where the tide approaches its normal• form is the North 
Pacific Ocean. For, so far as the semidinrnal wave is concerned, both North and South Pacific 
form one region, and so there is no interfering from a neighboring region. The diurnal wave 
naturally becomes small as the equator is approached, and so the derived diurnal wave from the 
South Pacific can hardly be felt far north of the equator, where the direct diurnal wave is large. 
The western coast of America, the eastern coast of Japan, and perhaps the Sandwich Islands, 
seem to be most favorable localities for normal tides. Next to these regions is, perhaps, the 
eastern portion of South Pacific-say along the western coast of South America and around the 
southeastern islands of Polynesia. The East Indies naturally constitute the most complicated 
tidal region, and the West Indies probably come next. 

So far the type of tide has been governed by the size and position of the diurnal wave with 
respect to the semidiurnal wave, and these are quantities most subject to variation in short 
distances.t But when long distances are considered, the fact that each wave is composed of a 
solar as well as a lunar portion becomes important. The oscillations being of slightly different 
periods, it is easy to suppose (because the wave is generally neither direct nor derived, but in part 
both) that one oscillation may gain in phase somewhat upon the other, and that the ratio of the 
two amplitudes may vary. ln a region where there may be reflections or interferences of the tidal 
wave, the relative amplitudes and epochs of two oscillations of different periods must generally 
differ from point to point. The two portions of semidiurnal wave may thus follow their apparent 
causes (sun and moon) by different intervals in certain localities (thus causing the "age" to vary 
from point to point), and the ratio of their amplitude may likewise vary. So for the dimmal wave. 

This is substantially Laplace's+ explanation of how the speeds of components may alter their 
relative amplitudes and epochs. Airy§ found that with fewer assumptions fluid friction would 
accomplish a like result. It is probable that amplitude ratios and the ages of the corresponding 
inequalities depend upon both of these causes. 

Vague considerations like these lead to inferences like the following: 
Large diurnal or semidiurnal waves are approximately normal1 and small ones abnormal. 

•1 t'd · h' h th diurnal t h h lat' th · l' d · h . o., a 1 e m w 1c o semidiurnal componon s ave sue re ions to one auo er as are imp 10 m t e 

equilibrium theory, 
t E. g., tho coast of Ireland, Phil. Trans., 1845, p. 45. 
~ M6o. C6l. Ilk. IV, sec. 18. 
§'!'ides and Waves, Art. 329; Lamb, Hydrodynamics, Ch. XI. 
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By large and small are here meant large and small in comparison with their equilibrium values, 
or e\•en in comparison with their values in the surrounding regions. 

Small ages indicate normal tides; large ages, abnormal. 
Diurnals are generally abnormal in localities having abi;iormal semidiurnals; but observation 

shows that abnormal diurnals are not always accompanied by abnormal semidiurnals. 
The following are references tu articles giving general explanations in regard to the causes of 

tides: Airy, Tides and Waves, Section VIII; Ferrel, Tidal Researches, Chapter VIII and sec· 
tions 145-149; Lentz, Fluth und Ebbe (1879), Ohapters I, II; Giinther, Geophysik, Volume II, 
Chapter IV, sections 5-9; Darwin, Encyclopredia Britannica, Article "Tides," section 3. 



CHAPTER IV. 

GENERAL PROPERTIES OF TIDES AND MODES OF REDUCTION. 

46. General properties of tides. 
Confining one's attention to a particular station, the following properties common to most 

tides are usually revealed by means of a fow days' observations: 
(1) Two high waters and two low waters occur during each twenty-four or twenty-five 

hours. 
(2) The alternate high or low waters are more or less unequal. 
(3) The heights of corresponding tides vary from day to day. 
(4) The lunitidal intervals (high or low water) are different for alternate tides. 
(5) The lunitidal intervals for corresponding tides vary from day to day. 
(6) The inequality in height or interval referred to in (2) or (4) becomes greater as the moon's 

declination, either north or south, increases. This does not apply, because of the sun's tidal 
effect, to the lesser inequality at stations where the high and low waters are affected by quite 
unequal amounts. 

. greater 
(7) The range of tide (as determined from all four tides of the day) is less than usual near 

the time of new or full moon. 
the moon's quadrature. 

(8) The range of tide is !greater than usual near the time when the moon is in perigee. 
ess apogee. 

(!J) The lunitidal intervals are 
1
shorter than usual near the times of the tfihr~tdand dfifth th 
onger ir an seven 

octants. 
The above statements do not usually apply to the tides at stations where but one high and 

one low water occur daily. The readily observable properties of such tides are: 
[11 But one high and one low water occur daily when the moon is far from the equator. 
[2J Two high and two low waters, both comparatively small, may occur daily when the moon 

is near the equator. 

f f. h d' 1 f 'd . increased h [3] The moon being ar rom the equator, t e ( mrna) range o t1 e is decreased near t e 

time of either sols~ice. 
equmox. 

4 7. The equilibrium theory of tides.• 
The uncorrected equilibrium theory begins by assuming-
(!) That the nucleus of the earth is comparatively rigid (or that at least its outer layer is a 

rigid shell), and that it is composed of concentric spherical layers, each layer having a constant 
density. 

(2) That the nucleus is covered by a fluid of uniform depth, shallow as compared to the radius 
of the nucleus, but deep as compared to the rise and fall of tide. · 

(3) That this fluid has neither inertia nor viscosity, nor is there friction between the fluid 
layer and the nucleus or the enveloping atmosphere. 

As these conditions are far from being realized in the case of nature, observations will show 
at best only certain approximations toward ideal values. Before introducing the modifications 

--·----------------
• I. e. lheury in the sense of a working hypothesis, not o.s o. basis of expln.no.tion. 

363 
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necessary to adapt the theory to the tides, it seems desirable to ascertain what the tendencies are 
in the ideal case. 

Since the angular velocity of the moon in her orbit and the rotary motion of the earth's 
surface are finite, while the particles of fluid are supposed to respond immediately to the forces 
acting upon them, we may consider the earth's surface as stationary during any given instant, 
and treat the surface assumed by the water as a case of static equilibrium. 

Because of hypothesis (1), the attraction of the moon upon the nucleus is the same as it 
would have been had the entire mass been concentrated at the earth's center. 

At any given place the tide-producing tendencies depend chiefly upon the distance and 
direction of the disturbing body, and are governed by what may be referred to as Laws I and II. 

Law I.-The tendency to produce tides at a given station varies directly as the mass of the 
disturbing body and inversely as the cube of the body's distance from the earth's center. 

In consequence of this law the amplitude of the solar tide ought to be about 0·458 times 
that of the lunar tide. For, the mass of the sun =331 000, and the mass of the moon= 1/81, 
the mass of the earth being unity, while the sun's distance= !.l2 800 000 miles and the moon's 
distance= 239 000 miles, so that 

. . 331 000 x 81 1 
solar tide: lunar tide= (92 800 000)3 : (~3!.l ooor1i (108) 

. · . solar tide= 0•458 lunar tide. (10!.l) 

The eccentricity of the lunar orbit being 0·055, this law gives 

. 1 1 per1gean range : mean range= (-l t . . · 3 : , 
- eccen ricity)· 

1 apogean range: mean range=------------.--. - . : 1. 
(1 +eccentricity)·' 

. · . perigeau range= 1·17 mean range, 
apogean range= 0·84 mean range. 

(110) 

(111) 

(112) 
(113) 

Law II.-The tendencies to produce tide for various relative positions of the tide-producing 
body are proportional to 

3 COS2 e-1, (114) 

where ()is the zenith distance of the body corrected for parallax. In other words, {) is the angle 
at the earth's center' defined by the given station and the center of the disturbing body. 

If u denote the height of tide expressed in terms of the earth's radius, a, then it is proportional 
to 3 cos2 8-1, or equal to say a' (3 cos2 8-1). The equation of the surface of the sea at any 
given instant is 

p=a (1 + u), 
or 

p=a+a a' (3 cos2 f}-1), 

which is the equation of an ellipsoid whose semiaxes are 

a (1+2 a'), a (1- t.r'), a (1- a'). 

(115) 

(116) 

(117) 

That is, forces acting according to this law cause the surface of the sea to assume the form of an 
ellipsoid of revolution whose longest axis points toward the tide-producing body. 

It will be observed that when the moon, say, is in the zenith (or nadir) the elevation of the 
sea is 2 a a' higher because of the existence of the moon; but when in the horizon, the elevation 
of the sea is a a' lower. ' 

For· a given place the height of the tide will vary from hour to hour of the day chiefly on 
account of the variations in (); but, as already noted, it varies somewhat on account of the 
variation in r, the moon's distance. 

For a given place the angle 8 depends upon the moon's ltour angle and its declination, both 
of which are functions of time. From spherical trigonometry, 

cos ()=cos ;t cos o cos ( Z - ¢) + sin ;t sin o (118) 



where 
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i\. = geographic latitude of the station, 
Z =longitude of the station (W. from Greenwich), 
o = moon's declination, 
1/; =mt= moon's hour angle (W. from the meridiau of Greenwich) . 

. ·.a a' (3 cos2 () -1) =ta a' cos2 i\. cos2 o cos 2 (1/J - l) 
+ 3 a a' sin i\ cos i\. sin 2 o cos ( 1/· - l) 
+ 1 a a' (3 sin2 i\. - 1) (3 sin2 o -1) 
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= 11eight of tide according to the uncorrected equi.Jil>rium tl1eory. (119) 

For the lunar tide, 

, mass of moon a4 

a lX = ~ inass of earth x (inooii'sdlstancef1 = 0·59 feet; (120) 

and for the solar tide, 

, mass of sun a 4 <> a <l' = 1-------- x -- --- - - - = 0· ... 7 feet 
mass of earth (sun's distancef1 

• 
(121) 

(i) The height of the semidiup1al portion of the lunar or solar tide at a given station is 
proportional to the cosine of twice the local hour-angle of the moon or sun multiplied by the 
square of the cosine of its declination. The factor depending upon the declination is always near 
unity. 

(ii) The height of the diurnal portion of the lunar or solar tide at a given station is 
proportional to the cosine of the local hour-angle of the moon or sun multiplied by the sine of 
twice its declination. 'fhe factor depending upon the declination varies almost directly with the 
declination. 

(iii) There is a portion of the lunar or solar tide which depends, at a g!ven station, wholly 
upon the declination of the moon or sun. The height of this portion is proportional to 3 sin2 o - I 
where o represents the declination of the moon or sun. The period of this expression is a half 
tropical month or year as the case may be. 

The height of the entire tide, or of the surface of the sea, at any given time and place is the 
sum of the six terms just referred to-three belonging to the moon and three to the sun. 

The corrected equilibrium theory.•-To approximately adapt the foregoing theory to the case of 
nature, we may write the height of the lunar or solar tide in the form 

R2 cos2 0 COB [2 (if; - l) - E2] 
+ R1 sin 2 0 COB [if; - l - E1] 
+ R0 (3 sin2 o - 1] 

(122) 

where Rand E must be determined from observations at the given stations. Statements (i), (ii), 
and (iii) require no modification except that fur "hour-angle" we must write "hour angle 
~iminished by a constant appropriate for the station in question" and so for "twice the hour 
angle". 

This correction is theoretically necessary (even if the water have neither inertia nor friction) 
because the earth's surface is not wholly covered with water, and the equation of continuity can 
not generally be satisfied when the rise and fall is as given by equation (119) unless we continually 
alter the plane of reference. 

The R's, as did the <l'"s, involve the factor 

( mean ~istance of moon ) 3 =·c~)J or c~ct~a!_pa~_alla~)3• 
,actual distance of moon ' r ' , mean parallax 

(123) 

ln practice the inertia and friction of the water produce important modifications in the R's 
and t's from their equilibrium values. Nevertheless, the form (122) is capable of approximately 
representing the rise and fall of the tide in nature. This is especially true, if we make th~ further 

-· ·--- --- -··-· ·--------------------
• See preceding footnote. 
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modification of taking o and r at times anterior to the time of tide. Such times, as well as the 
R's and t's, must be determined from observations made at the given station.• 

48. Explanation of phenomena noted in§ 46 by the equilibrium theory. 
The tides in (i), § 47, are semidiurnal, while those in (ii) are diurnal. Each may, for any 

particular day, be represented by a cosine curve of proper length (period) and amplitude. Now, 
it is obvious that the superposition of a diurnal curve upon a semidiurnal, will, in general, cause 
the alternate maxima or minima of the semidiurnal curve to become more or less unequal in height 
and unequally displaced in time. These statements account for (1), (2), and (4) of§ 46. As 11oted 
in (ii), § 47, the amplitude of the diurnal curve (lunar or solar) is nearly proportional to the 
declination of the moon or sun. This explains property (6), § 46. 

The superposition of a semidiurnal curve or wave upon another of nearly equal period, but 
of greater amplitude, simply increases or decreases the amplitude of the latter when approximately 
like or opposite phases coincide; but when the phases differ by approximately 90° or 2700, the 
principal wave is displaced in time by the subordinate one-accelerated or retarded according as 

:» 

f\ 

--
JI 
' 

Midnight 
h 0 

I 
a'ft~-

I.~# r., 

v 
l/ 

r-... L/ 

~ 
I _v 

ar rnC 
C,.p/ 

f ,,. 

N-" 

'2 4 

v v 

v 

-art'B 

v 
/ 

/ 

) 

' --..... 

G 

' I\ 

I/ 
I/ 

- v 

8 10 

Noon 
h 

12 14 

I I 

I I\ Mean 9'"" ,ft,; .. , I 
\ !/ 

v \\ l/ !'-. ;..-

~--I3ih 
v ...- r---. v )'.... 

I ~~- ~ """ J .. vel 

'M~~ / .. v ~ .. ~ lft• 

I I'~ 
Fi~. 7. 

16 18 20 

v i--~ 
!/ I\ 

I\ 
' 

r---.. 
!'-.. 

" !"--. 
........... r-.. 

» 
........... ,,,~ 

...... .._ r 
:--" 

2'2. 

)) 

I\ 

Midnight 
h 

0 

v 
~ v r--

- v 
J) 

-....." 
'!'-- I.-' 

v 

' 

I 
, 

v 

/ v 

,,,..,.. .......... 

the maximum, say, is 90° in advance or in retard of tlie maxima of the principal wave. This 
accounts for properties (3), (5), (7), and (9), § 46. Property (8) has been explained in§ 47 where 
the values of the perigean, apogean, and mean ranges are compared. This amounts to varying 
the a' or the R's inversely as the cube of the moon's distance from the earth's center. 

At a station where observation shows that R 1 is several or many times as great as R2, 

expression (122), the number of maxima and minima of a curve composed of diurnal and semi­
diurnal parts will usually depend upon the number of maxima and minima of the diurnal part 
when the moon's declination is great; but when the moon is near the equator the number may be 
governed by the semidiurnal part. This accounts for properties [l] and [2], § 46. The moon 
crosses the equator and reaches its extreme declination at nearly the same points in the heavens 
as does the sun. This accounts for property [3]. 

A still more perfect form or expression for the equilibrium theory is obtained by developing 
the tide:producing potential (the principal part of which is inversely proportional to the cube of 

----------------- ----·---·· 
•Cf. Thomson and To.it, Natural Philosophy,§§ 804-811. 
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the disturbing body's distance from the earth's center, and directly proportional to 3 cos2 
() - 1, 

§ 47), into a series of cosine terms. For considerable periods of time the coefficients of these 
terms remain sensibly constant and their angles or arguments increase uniformly with the time. 
Having found from the development of the potential what are the more important terms, one 
then assumes that by leaving all amplitudes and epochs arbitrary the series is, by the principle of 
forced oscillations,• capable of representing the tide at any given station. The harmonic analysis, 
§ 49, has for its object the determination of these amplitudes and epochs from tidal records. 

49. Harmonic ana.ly.~is. t 
Since the tide is periodic in its character, and since the periods of its causes are known from 

astronomical considerations, it ought to be possible to represent the height at any given time by 
means of the Fourier series, or rather an aggregation of such series 

y =A. cos (at+ a)+ B cos (bt + f:J) + (124) 

where y is reckoned from main sra level. 
For aiding the imagination, we may suppose that any given term in this series represents the 

oscillation caused by a fictitious star, or moon, moving uniformly in the celestial equator arouncl 
the earth, and at a constant distance therefrom, having the property of producing a maximum of 
the oscillation, or component tide, a certain number of hours after its meridian passage. 

If a denote the 'hourly speed of the component A, or the apparent itngular velocity of its 
fictitious moon, and A 0 its epoch or lag expressed in degrees, A 0 ja is the lag expressed in 
hours. Also if arg0 A denote the hour-angle of the fictitious moon at local mean midnight, a.t + arg01l 
is its hour-angle at any subsequent hour t. Oonsequently the time of lligh water of the component 
Ais 

and the height at any time t is 

so that 

A 0 ar 0 ·0A t= . - --~-, a a. 

A cos (at+ arg0 A -Ao), 

a= arg0 A-AO. 

(125) 

(12G) 

(127) 

By replacing A, A 0 , a, and rx by B, no, b, and /3, the corresponding quantities for any other 
component, B, are obtai'Iled. 

The heights due to any components may be shown graphically thus (see Fig. 7): 
Lay·off tlle hours of the day according to any convenient scale. Draw cosine curves of 

. 3GO 360 
amplitudes A, B, . and of periods a-' -6-, . . hours in length. 'l'he first maxima 

are located upon the hour lines. 

A 0 argoA 
a - a ' 

Bo arg11B 
-b - --{)-- (128) 

the succeeding maxima are then fixed by the lengths of the several periods. The symbol )) may 
be used to indicate the time of transit of any fictitious moon. 

To combine these curves, adll the ordinates for each hour, thus obtaining the resultant tidal 
curve from which the times and heights of high water and low water may be obtained. 

The object of the harmonic analysis is to resolve the observed tide, i.e., observed heights of 
the surface of the sea, into simple elements or component tides, consisting of simple harmonic 
oscillations. The quantities a, b, and arg0 A, arg0 B, . are known from astro­
nomical considerations, so that the analysis of thetide at a given place implies only the determination 
of the amplitudes A, B, . . . and the epochs Ao, B 0 , • • 

To harmonically analyze a given tide, let its height be given at each hour of the day, for a 
year, say. Sum these ordinates, as nearly as may be, at the component hours of each component 
(its harmonics excepted). The sums belonging to each component will be 24 in number and 
--------·---- ----

*See Lap!uco, M6o. C6l.1 Ilk. IV,~ 16; or eoe under Laplace. Aleo, Part II, ~ 14. t Seo Part II. 
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represent sums corresponding to each of the twenty-four hours int.o which tlie component day is 
supposed to be divided. As the summation in each case is made with reference t.o the component 
hours, the effect of the other components upon these 24 sums will, in the long run, approach zero. 
Having found the 24 heights corresponding to these sums, they may be plotted as hourly ordi­
nates; such a plotting would represent the required component tide combined with its harmonics. 
To analyze these 24 heights, h0, hi, l"'i, • l"'i3, assume each to be of the form 

h =Ho+A, cos at+ Ai sin at+ Az cos 2 at +.A, sin 2 at+ . . . + A8 cos 8 at+ _'.j~ sin 8 at, (129) 

where at= oo, 150, 300, . 3450. 
It is not difficult t.o show that the most probable values of H 0, A, A are given by the equations 

24 Ho = ho + hi + h2 + + h23. 
12 A1 = h0 cos o0 + h1 cos 15° + h2 cos 00° + 
12 .A. 2 = h0 cos 0° + lt 1 cos 300 + h2 cos 60° + 
12 A3 = h0 cos 0° + h1 cos 45° + h2 cos 90° + 

12 A 1 = h0 sin 0° + h1 sin 15° + lt2 sin :30° + 
12 A.1 = h0 sin 0° + h1 sin 300 + h2 sin 60° + 
12 A. 3 = h0 sin oo + hi sin 450 + l"'i sin 900 + 

From these values of A, A, we find A and a by the relations 

A 
tana= -=· 

A 
Ao then becomes known by the equation 

A 0 = arg0 A-a, 

+ hn cos 345°, 
+ l"'iJ cos 3300, 
+ l"'i3 cos 3159' 

' + l"'i3 sin 345°, 
+ h23 sin 330°, 
+ h23 sin 315°, 

arg0 A being known from astronomical considerations.• So for components B, G, etc. 

(130) 

(131) 

(132) 

It may be added that because the hourly heights are tabulated in solar time, most of the 
amplitudes as brought out in the analysis must be increased by a fact.or a little greater than unity, 
known as the augmenting fact.or; aiso that most of these amplitudes must be corrected for the 
longitude of the moon's node by the application of a suitable fact.or. For series less than about a 
year in length, still other corrections must be applied. 

NONH.A.RMONIC REDUOTIONS, ETC. 

50. The object of these reductions is t.o determine nonharmonic quantities from observations 
made upon high and low waters. Of these quantities the most im'portaut are the lunitidal intervals 
( HWI a'ld JJ WI) and the mean range of tide (Mn). The times and heights of the individual tides 
depart more or less from the values which would be obtained from applying the mean lunitidal 
intervals to the times of transits and using the mean range. The departures have a certain kind 
of periodicity depending upon the inequalities to which they are due, and they may be tabulated 
with reference to each inequality known to exist in the tide at all places; that is, so tabulated as 
to follow some known astronomical argument. A set of tables thus formed may be regarded as a 
s~ries of corrections t.o be applied to the mean tides because of the several inequalities. In case 
of the largest of the inequalities, it is more convenient for some purposes to have tabulated the 
actual values of the intervals and heights throughout the period of the inequality instead of the 
departures from their mean values. In case of the phase inequality the "time of tide" may be 
tabulated directly instead of the lunitidal intervals. t 

After such tables have been obtained from the observations, one may, if he choose, analyze 
the tabular values, thus obtaining a set of coefficients (intervals or epochs and amplitudes) from 
which these tables could be reproduced. 

•The arguments for January 1 of each year from 1850 to 1950 are given in Table 3. 
t Cf. Lubbock, Phil. Trans., 1831, pp. 398, 399. Here the time of the year (i. e., the month) is used for one of the 

arguments and so no correction is necessary because of the eq nation of time. 
For examples of curves of phase inequality, see Phil. Trans., 1868, last plate. 
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The di sad va11tage of the nonharmonic treatment lies in t.he fact that when several considerable 
corrections are successively applied to the mean tides, the resulting effect is not the same as it 
would have been had all been appli<'d simultaneously, as in the case of nature. It therefore 
becomes important to tabulate each inequality not only with respect to its own argument, but also 
with respect to the argument of t,he principal or phase inequality. This necessitates a table of 
double entry. In some cases it might be advisable to have tables of triple entry. 

For the present we shall assume that the length of the series of observations treated is suffi­
cient for separating the various inequalities sought. Then it is obvious that, grouping the obser­
vations with respect to the argument (uniformly varying with the time, or nearly so) of any 
particular inequality, we shall obtain in the long run certain departures from the mean values of 
the lunitidal intervals and range, which may be tabulated without making any assumption as 
regards the age of the inequality sought, and so using, say, the immediately preceding transit .. 

Snch results are of interest for theoretical lmrposes. For actual prediction, however, where all 
important inequalities should be properly applied, it is desirable to form tables of double entry. 

51. First reduction. 
The principal object of this reduction is to determine the 1u11itidal iutPrvals and the mean 

range of tide. A specimen of first reduction is given in § 60. 'I.'his shows that, for Tybee Island 
Light, Georgia, 

H\VI = 711 11m, L\VI = l1' oom, Mn= 6·8 feet. 

To roughly predict the tides for Tybee Island Light (in local time), copy down the local times 
of the moon's transits across the meridian of Tybee Island Ught, and add the intervals, 711 1110 

for the high waters and l1' oom for the low waters. To obtain predictions in eighty-first meridian 
time, .using Greenwich transits, add the uncorrected intervals, 'jh 21111 for high waters and lh JOm 
for low waters. Having thus determined the times, the heights with reference to half-tide Jeyel 
may be roughly determined by calling the high-water heights ~ of 6·8, or + 3·4, and the low-water 
hcigllts, - 3·4; or, referred to the particular staff used, they are on an average !)·4 and 2·G foet, 
respectively, as found in tbe reduction. 

Another specimen of first reduction, with some additional matter not important for the present 
purpose, is given in § 30, Part III. 

52. Determination of the periods of tidal ineq11a.Uties. 
'.rhe existence of several tidal inequalities can be inferred from very simple considerations; of 

these may be mentioned the phase, parallax, and declinational inequalities. Others would hardly 
be suspected without developing the pote11tial of the tide-producing forces. For the present we 
may assume snch a development made in terms strictly periodic, and also assume that terms of 
like period are to be found in the tide. Such terms, or component tides, as go tllrough their 
respective periods twice a day, pretty nearly, having the subscript 2 added to the letters used to 
designate them, are, as already stated, called semidiurnals; and those once a day, having the 
subscript 1, are called diurnals.• The number of degrees per hour, i. e. the speed, may be denoted 
in each instance by the corresponding small letter. Looking now at the column headed "Synodic 
period," Table 1, it will be seen that there are, opposite the semidiuruals, the synodic periods 
14·7652!), 27·55456, 13·660W, 31·8119 ~, 15·38734, days. These are a half synodic month, an anoma­
listfo month, a half tropical month, the moon's evectional period, etc. To this list we should add 
such synodic periods as would be obtained by means of the lunar nodal components differing in 
period very little from M2 and K 2, respectively.t The synodic period for the first is the node­
equinox period, or about 18·6 years, and the corresponding variation in the tide is called the lunar 
noda,l inequality. In regions where the water is shallow and subject to annual changes, the year 
should be used as one of the periods. In this way may be obtained the periods of all sensible 
inequalities affecting the semidaily tide, i. e., those affecting both bigh waters of the day alike, 
also both low waters. 

Tbe diurnal inequality in the tide is really made up of several partial diurnal inequalities. 

#See Po.rt II for further cxplo.nntions of the symbols used to designate these component~. 
t In Ferrel's notation lll'c1,2) nnd 111'ca,th United States Coast nnd Geodetic Survey Report 1878, p. 270. The 

speed of the former should be 28·981898, unu not 2 X 14·489846, and that of the lo.tter 30·084344, not 2 X 15·043275. 
6ii8-!--24 
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They affect in nearly opposite ways the two high waters of a day aud also the two low waters. 
The periods in which they should be tabulated are those Rynodic periods given in Table 1 which 
stand opposite the diurnal components. To this list of diurnal components should be added the 
1uuar nodals having speeds nearly equal to the speeds of K 1 and 0 1, respectively.• The Rynodic 
periods just referred to are such that the same transit (upper or lower) should be adhered to 
throughout. 

It has been supposed that the inequalities have periods of fixed lengtlu,;; but the arguments 
which divide up t.he periods may uot vary exactly uniformly with the time throughout these 
periods. Such are styled circular arguments. Most inequalities in the moon's motion have little 
effect upon the lunitidal intervals, especially if the ages of the correRponding tidal inequalities be 
properly allowed for in the selection of transits. 'l'he reason for this is quite obvious. With the 
amplitude of the tide it is otherwise. By considering the effects upon amplitude only, and dis­
regarding the effects upon interval, it is sometimes possible, when non-circular arguments are 
used, to throw two or more inequalities into oue. l•'or instance, if the moon's parallax be the 
argument (Preferably noting whether it is increasing or decreasing, thereby avoiding the consid­
eration of age), the parallax and evectional inequalities referred to above will be embraced in the 
tabulated height or amplitude corrections. The time corrections will be somewhat uncertain. A 
similar remark applies to tl1e tleclinational and nodal inequalities. 

If we take a month's observations about the equinoxes, the diurnal inequality will be due 
to the moon, and so the lunar part of K 1 is involved infc!tead of the entire K 1• 

If groups of observations are taken about the times of zero declination of the moon, the 
diurnal inequality will be due to the bun, and so, instead of K 1, 0 1, 00, tile involved components 
are the solar part of K 1 and P 1• 

In grouping observations with respect to these arguments or periods, the transits should, as a 
rule, be kept distinct; for, it is an easy matter to subsequently combine values lielo11ging to the 
upper and lower transits if desired. For instance, when tabulating for tlie inequality whose period 
is a tropical month, we should have, opposite the moon's right ascension or longitude, two classes 
of high-water lunitidal intervals (approximately equal) derived from upper and lower transits, 
respectively, or two such classes of intervals (differing by approximately 12 hours) derived from 
one transit; so for tile luw-water lnnitidal iutervals. Each of these four kinds of intervals should 
be accompanied by a corresponding heigilt. In this case the diurnal and semidiurnal inequality, 
whose period is a tropical month or a half tropical month, are capable of being tabulated together. 

The half-tide level is subject to small inequalities having the periods of the preceding tidal 
inequalities, or some simple fractious or multiples of such periods. These fluctuations in half-tide 
level may be due to long-period components (which are astronomical, meteorological, or slrnllow­
water) or to fixed speed relations in the components of short period.+ The greatest of these 
inequalities is, at most places, the annual; it involves tile components Sa, Ssa. If high water only 
be observed, these inequalities in half-tide level cannot be separated from the inequalities in 
mean high-water heights. 

*In Ferrel's notation M'c:i, n and 1\l'cr., t>; I. c. auto. Their speed" aro 15·04:~27;; and rn·940829. 
t For 1111mericnl examples, Hee United States Coast Survey Heport, 1868, pp. 80, 81, column heaclecl ~ (ll,' + H,'). 
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53. List of ineq1talities following a single cirmdar argument. 

Hourly vari- I 

I 
Nome. Argument. ation of Period. I Components involved.*. Numerical examples. 

argun1ent. 

-- ----

I In both high wafrrs or both low waters. 
0 I 

Phase. Hour of transit. t 1'0158958 ! synodic mo. S., p,. Lubbock, Phil. 
Trans., 1831, pp. 
400-403, cols. A, 
B. Bache, United 
States Coast Sur-
vey Reports, 1853-
1864. Ferrel, 
United States 
Coast Survey Re-
~Ort, 1868, p. 74, 

i 
able V. 

Parallax. Moon's anomaly.t, 0·5443746 Anomalistic mo. N., L,, 2N. Ibid., p. 76, Table VI. 
Declinational. Moon's longi- I l •CJ98o330 ' tropical mo. K •. Ibid., p. 78, Table 

tude.?, i VII, left side. 
Evectional. Phase arg.-paral- 0·4715212 Monthly evec- Y:u il:i• Ibid., p. 82, Table IX. 

lax arf tional period. 
Lunar nodal. Long. o node. 0·0022o64 Node - equinox M'c1.•l· [See foo~note, Ibid., p. 81, Table 

i period. ante.] VIII. 
Annual. Day of year. 0·041o686 Tropical year. Component II having a ! Ibid., p. So, Table 

speed 
! 

VII bis. 
Ill -1- 36~0 

Solar parallac-; 0·9748272 Synodic period 
•-No. hours tn a yr. I 

tic. I M., T,. 
/11 altcr11atc /1(£!!1 waters or alternate low waters. 
:.\loon's. Io u g i- I 0:5490165 Tropical mo. K,, O,, 00.f, Ferrel, 1. c., p. 78, 

tude. ~ i Table VU, right 
side. 

0·4668793 Synocl.ic periocl P,. 
M., P,. 

I ·0933912 Synodic period Q.,J,. 
M.,Q,. 

0·5512229 Synocl.ic period l\i'(a, tj1 M'<s, t>· 
I M,, M'(:1, 1) or 

M'cn, n· 

•I. o., boelcleR tho menu ticlo, which consists chiofly of M,. (Suo Tnhlos J, 2.) 
I Stri<•tly aponkiug, tho apparent locnl time. For n t"blo of siuglo PH try, 1111<! nl•o IL tnhlo of <loublt1 eutr~· whore the Renson of tho yenr 

fe not one of tho nrgnmuntR, menu time oun bt' uso<l iu rodnctious iustcncl of nppnrent, nnd without correction~ when tlio series is long. This 
nrgnmont is for tlxing tho ditlhronco botwoen tho right nscension of sun nn<l moon. An equhynlout argum~nt is tho ngu or pbnso of tho moon. 

: 'J'ruo or moan. 
§True or menu, or hor right nsocneion. For short RerJos tho compouout. ~X disturbs this inoqunlity 1 bucnusn 2111. i" vury uoarly equal 

to 2n + k2• 

Ii Shallow water ruotoorological. 
11 If wo tako a mouth'• oh•or\·ation• abo11t tho oquinoxee, tho cllurnl\l inoqulllity will bo duo to tho moon, m11l so tho !111111r purt of ](1 

Is lnvo!vrcl lustond of tho ontiro K1• If groups of obsor.-ntious nro takon about tho times of zoro clocllnations of tho moon, tho diurnul 
Inequality wlli bo duo to tho sun, and eo lnstood of K1, 0 1, 00, tho iuvoh·ocl components aro tho solnr 11nrt of K 1 nncl P,. 

54. Analysi.~ of tidal inequalities folloioing a single circular a.rgurnent. 
If the hmiti<lal intervals au<l heig·hts be classified according to an argument x, whose period is 

that of some tidal inequality, the resulting interval au<l amplitude may, according to Fourier's 
theorem, be written · 

Bo+Jl/'2 sin x+N', cos x+.1lf';, sin 2 x+N'., cos 2 .-r+ (133) 

(134) 

where B 0 denotes the mean lunitidal interval, l\In the mean range of tide, and i the characteristic 
of tlte i11e<1uality. These expressions 1iiay be written in the form 

Bo+B, Rin (.T-F,)+B., sin (2 a:-F.:)+ (135) 

2- Mn [l+B, cos (x-a;)+R,, cos (2 x-a,,)+ ]. (136) 
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t -N'. -N' .. 
an i:, = - 111/, tan F.;;= 1 u/.' . .. 

t N t N .. an a.=---', an a .. =- - .'! 
• Jlf, .. 1lf;, 

. ' (137) 

(138) 

. ' (139) 

(140) 

In reducing tides, the observations are taken in groups; For this reason the coefficients B., 
R., and B,., R,., as determined above, should be multiplied by the factors (a little greater than unity) 

(141) 

where x,. and xq are the values of x at the two limits of the group of observations. 
B, or R, may be spok<>n of as the coefficient of the inequality whose characteristic is i. 
To find Bo, Jlf/, },~'; JI;.', N;;', from the tabulated or classified intervals, we suppose x 

taken to, say, each rn°. Then we have 24 observation equations for determining B 0, Jll/, etc. Let 
expression (133) be denoted by y,'; then these 24 intervah; are y'0, y' 15, y'30, ••• y'i15• It is not 
difficult to show that tile most prnl>able values of the required quantities are given by the 
equations 

24 Bo = Y'o + Y'w + Y1Jo + + Y1J4s, 
12 111', = Y'o sin 0° + Y'15 sin 15° + y'3o si11 30° + 
12 Jlf';; = Y'u sin 0° + Y'Jo sin 30° + Y'6o Sill GOO + 
12 = 1ll';;;Y'o sin 0° + y'4s sin 4[;o + y'90 ~in !10° + 

12 N', = y' cos 0 + Y'15 cos 15° + y'3o cos 300 + 

+ Y':11s sin 345°, 
+ y'330 sin 330, 
+ y' 315 sin 315, 

' + Y':Hs COS 345°, 
(142) 

For finding~ Mn, 1lf;, N;, Jlf;,, 1(,, , we have the .above equations with all accents dropped, 
sines and cosines interchanged, and~ l\In in the place of B 0• (8ee §§ 49, 55.) 

If we suppose that the inequality has been analyzed and certain epochs and amplitudes 
obtained, it is to be noted that tile epochs (with single subscript) of the inequalities should be 
proportional to the respective ages of tile latt~r. 'rhis implies that if an astronomical argument 
be taken out, on an average, a constant amount earlier or later than the particular phase of the 
tide (generally midway between high and low water) to which the analysis refers, the epochs 
must be altered by the respective variations in the arguments duriug this constant interval; i.e., 
the position of the tidal inequality is required at the time at which the astronomical argument is 
taken; or, what amounts to the same thing, the value of the astronomical argument is required 
at the phase of the tide with respect to which the analysis is carried out. Suppose high-water 
heights to be analyzed; they belong, on an average, to a time a constant number of hours, HWI 
(uncorrected), after the moon's transit. Suppose the ranges analyzed; they belong to a time 
~ (HWI + LWI) after the moon's transit. For the convenience of many places, all astronomical 
arguments can be taken out at the times of the moon's transit across, say, the meridian of 
Greenwich, and the epochs afterwards altered accordingly. 'rhe epochs require no alteration.if 
the astronomical arguments be taken out at the particular phase of the tide to which the analysis 
refers. This latter method, however, seems particularly undesirable, if not practically impossible, 
in the case of the diurnal inequalities.• 
--------------- ---· -------

•Tho fonrth sentence from the end of § 41;, Part III, is meaningless, and should be replaced by something like 
tho following, viz.: The epochs a;, a;;1 ore;, e;;, belonging to a tidal inequality whose characteristic i8 i, and which 
depend, in a measure, upon the phase of tho tide unalyzed, must be so modified as to 1mit tho time at which the 
astronomical argument is taken; e. g., the time of transit across some given meridian, or tho time of high water. 
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55. Example. 
Required R 1 and a 1 for Sitka, from the month of observations tabulated in § 30, Part III. 
Copy down the transits and the high and low waters, marking, for distinction, the heights 

which go with the lower transits. Leave no vacancies, but bring consecutive transits into con­
secutive positions, L e., upon consecutive lines; similarly for the heights. This necessitates at 
times a splitting up of the date at left-hand margin. Oombine the ranges in pairs, for the purpose 
of eliminating the diurnal inequality, and copy down the time of transit corresponding to each 
four tides so taken. 

Thus: 

["•;< -i~"""' 1---1 
I ·1 

HW Lw __ I Rau~~[ 
1 

July l I l 34 l 341 ( 14·6) I n I rs 
l ( 13 59) l 59 12·8 (8·4) 7'4 

I , 2 224 224: ( 14·4) 3·9 ]'6 
2 ( 14 48) 2 48 13'0 (8·3) 7'4 

3 3 II 3 II ( 14'0) 4·0 rs 
3 (15 34) 1 3 34 12°8 (7'8) 7'0 

4 3 371 3 37 ( 13 '2) 4·3 7'1 
4 j(l6 19) 4 19 12·9 ( r6) 6·4 

I 
5 j 4 41 I 4 41 (I 2'5) 5·0 6°8 

I 5 
1
( 17 04) 5 04 13·2 (7'2) 6·o 

l 
I 

26 \ 61 5 5 26 ( 12'0) 5·9 6•6 
6a11d7l(17 48)1 5 48 13'6 (6·6) 

------

Distribute these coml.iined ranges according to their hour of transit, using always the nearest 
whole hour and counting the hour from 0 to 12. Take the sums and means of the values so 
distributed and determine R 1 and a 1 by equations (136), (139), and (140); or, for convenience, make 
use of the form labeled ''Harmonic analysis of tides," Part II, § 61: The angle ( a 1 or () thus 
determined approximately represents, when converted into time at 1°·016 per hour, the time which 
must elapse between new or full moon and spring tides, This must be corrected for the mean 
lunitidal interval, and,. when the series is short, for the equation of time. 

For Sitka, ~ ( H WI + L WI) = 911 44"'·8; and uncorrected Mu = 7 ·31 feet, from "first red uc­
tion." Theanalysisgivesa1 =26°·7; the hourly variation in the angle of the semimenstrualinequality 
is 1°·016, . ·. 1°·016 x 9·7 4 7 = 90.9; and a 1 becomes 360·6. The correction for not having used appa-

24 rent time is-0·483 (equation of time). [0·483 =· -- -- -----·-- - . x 1·016.] For July 1-29 
lunar day- solar day 

the equation of time is + 5m.4; and so the correction to a 1 is - 20·6. This leaves 340.0 for the 
true value of a 1• In the harmonic notation, Part III, § 47, 

(143) 

• ·. Age of the phase inequality = 0·984 x 34 = 33·5 hours. 
Upon applying the augmenting factor 1·0211, the R 1 ~Mn from the analysis is 0·968 feet. The 

factor F 2 = 1 •36, Table 33, will very nearly reduce B 1 ~ Mu to its mean value. In the harmonic 
notation 

{144) 

Now, µ 2 is 0·01 Mn, nearly; .·. uncorrected S2 = 0·068 - 0·073 = 0•895 foot, and corrected 82, 
0·895x1·36,=1·217 feet. To correct B 1 ~Mn, add to 0·968, (1·217 - 0·895). .·. R 1 ~Mn= 1·290, 
R1 = 1·278 -:- 3•G55 = 0·350. 

If we use an argument varying uniformly with time, it is not necessary to bav43 recourse to a 
nautical almanac. The (constant) period of the inequality is divided into 12 or 24 equal parts, 
and 011 of the first day of the series is taken as origin; periods and twelfths or twenty-fourths of 
periods are laid off thereafter. The times of transits corresponding to the various ranges are dis-
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tributed among the parts as accurately as possible. The results are then brought together and 
analyzed, thus giving nn amplitude (R,l\ln) and angle (a;); a, should then be altered by the speed of 
the inequality times the mean (uncorrected) interval. The corrected a 1 denotes, when divided by 
the speed of the inequality, the time elapsing between 011 of the first <lay of the series an<l the 
time when the inequality becomes maximum. This time, diminished by the time when the corre­
sponding forces become a maximum, is the age of the inequality in question.a 

56. List of inequaliNes following a pair of circular argmnents. 

~=N=a_m-_-e=. ====~-----:~-~~-~~ts. -
In both /1£glz waters or both low waters. 

Contponents involved.* 

L 

f Hour of transit t (upper 

1 and lower) 
Moon's anomaly 

{

Hour of transit (upper 
and lower) 

Day of yeart 

N., L 2 , 2N, v 2 .:l. 2 

K 2 , T2 , R 2 , and comp'ts, 

having speeds 
36oo 

m. :!: h . No. oursmyr. 

{
Hour of transit (upper M' M' 

and lower) 11, •>' (a,•> 
Long. of node 

In alternate lligll waters or alternate low waters. 

Day of yeart !
Hour of transit (upper 

or lower) 

{

Hour of transit (upper 
or lower) 

Moon's anomaly 

K,, 0,, P,, 00 

Q,, J., M,, 2 Q, p, ~ 

M' 
(B, I) {

Hour of transit (upper 
or lower) 

: Long. of node. 
i 

Nun1erical exatnples. 

Ferrel, United States Coast Survey 
Report, 1868, pp. 69-71. 

Lubbock, Phil. Trans., 1831, pp. 400-
403, 412 

Ferrel, United States Coast Survey 
Report, 1868, pp. 61-68. 

Lubbock, Phil. Trans., 1836, pp. 65-73, 
245-254. 

Bache, United States Coast Survey 
Report, 1854-1864. 

Ferrel, United States Coast Survey 
Report, 1868, pp. 61-68, 100, IOI, ' 

•I. e. beeidee the mean tide with phaeo inequality or M,, S,, and p.1 • If a component have a synodic period with M,, S, (for •Oml­
diurnale, M1, S1 for diurnal•), or any component involved In the inequality <lefined by either eoparate argument, oqual ro tho period of either 
eoparato nrgumont or the synodic period of tho two arguments or the synodic period with M,, S. (or M1o 81) of any other iu\'olved oom-
11onont, euch component Is ln\'ol»e1l in the tabular values. 

t See second footnote, preceiling Bet of inequalitlee. 
: Or moon's right aeceosloo, longitude, the number of daye from extreme declination of tho moon, longitude from intersection of orbit 

an<l c<111ator, etc. 
~ 2 Q, p1 are here ueod to denote components whose epeo<le are 12·8542862, 13·4il5144, respectively. See Table l. 

57. On the use of noncircttlar arguments. 
Tidal inequalities depend upon the difference in right ascension of sun and moon (which is 

usually given by the hour of trausit), their parallaxes, and their declinations. U nlesR the ages of 
the inequalities be properly allowed for by selecting suitable transits, it is necessary to make a 
distinction between increasing and decreasing parallax or declination. These arguments are 
naturally suggested by the equilibrium theory of tides. 

A set of tables each having the hour of transit as one argument and parallax or declination 
of. the sun or moon for the other, is given in the Tide TableR for the British and Irish Ports, issued 
by the commissioners of the admiralty; the daily predictious therein published are obtaiued by 

• E. q., suppose i = 2 denotes the parallax inequality. Then 1 

corrected a:,+ nrg,, M0 -u.rgo N,= M,0 -N,'-', 
where L, is disregarded. From the amplitude 

(145) 

{146) 
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aid of this set of tables." The tides around the British Isles have very little diurnal inequality, 
and so are susceptible of this simple mode of treatment. Seo §§ 4-7. 

58. Inference of tidal inequalities from observed nonltarmonic constants, etc. 
Owing to the great amount of labor involved in completely deducing tidal inequalities from 

observations, it does not seem advantageous to work along tllat line for obtaining practical 
results, although it may be desirable for certain theoretical purposes. In fact the results of 
discussions covering a long period of time (say a node-equinox period) are always instructive. 

If, on the other liand, we confine our attention to determining a few quantities which fix the 
size and position of each important inequality, a general knowledge of tides ought to enable us to 
form tables, based upon these determinations, which are sensibly true at most places. For 
instance, if the spring, mean, and 11eap ranges, also tlle age of the phase inequality are known, the 
phase inequality in interval aud range become approximate]~' known at any given time by means 
of the following general table. The two columns at the right enable one to approximately 
introduce the <lecliuational and solar parallax inequalities. The second table shows the lunar 
parallax inequality.i. 

Table of phase e.:tfects. 

Increase in se111i- I I 
range of tide. Dnte. Fnctor p. * 

I 
Increase in luni- .

1

1 Increase in senii~ 1· l Increase in luni-
tidnl intervals. range of tide. Time. I tidal intervals. Tin1e. 

d ''· 
111. 1---,-d.-!1.-/ 1/1, ---'-----1--·-

r
:o : - ; ~10: I ~::~p(Sg~Np)1 r: : +1; ~1~:: =:::p(Sg~~p) Jan. I: :::: 

12 -ro " ; + ·23 " o 12 +25 " -·28 " 21 o·q6 "'.,· I~ :! =:94 :: +·22 " I 0 18 t35 " -·27 " 31 1·04 
'C I I o6 -23 " r~~ :: ~ ~ ~ +~! :: =:~~ :: Feb, ;~ ~:~g 
·.p 12 -28 " +·19 " ·.p j 1 12 +58 " -·21 " :Mar. 2 1·25 
gfJ 18 -32 " +·18 11 0. I 18 +62 " -·18 " I2 1'27 

·i:: 2 oo -37 " +·I7 " a'l 2 oo, +65 " -·16 " 22 I'28 
fi' 2 o6 -41 " -i-'I5 " ~ 12 o6 +66 " -·13 " Apr. l 1'26 
t 2 12 -44 " +·I3 " ~ 2 I2 +67 " ---'JO " II 1'22 

,t: 1
3
2 I8 --49 " ·\-'II 11 <: 2. 18 +67 " ~·o8 " 2I I'I4 

<: 00 -52 " + '09 " 13 00 +66 " -·05 " May I l'o6 

l:3 o6 -56 " +·07 " 3 o6 +64 " -'02 " II 0·96 

18 I -61 .. -:"02 " 3 18 +6o " +·03 .. 31 0·71 
I2 -59 " +·04 11 l3 12 +62 " 'GO " 2I 0•87 

oo --63 " -·or " 4 oo +57 " +·05 " June 101· 0·71 
20 0·67 
30 0·68 

;~I ~:~~ 
30 ' 0·92 
91 I'OI 

19 l'IO I 
29 I" I8 
8 1·23 

18 1·26 
28 1 ·26 
8 1'24 

18 1'20 
28 I'I4 
7 1·o6 

17 0·97 
27 0·89 

July 

00 1-57 :: t:~~ :: r3~ ~182 t~~ :: +:~; ~~ =~ " ·oo " +59 " +·04 
o6 J -64 " -·02 " 13 o6 +56 " -1-·07 
oo -66 " ·-·05 " ~ 3 oo +52 " +·09 
18, -67 " -·oS " '1:1 12 18 +49 " +·u ::, =~~ :: :-~~::~ :: ·~ ~ ::, I t!i :: ~:::~ 
00 -65 " -·16 " ·a.12 00 +37 " +·17 
!8 .--62 " -·18 " rn I 18 +32 " +·18 
12 -58 " -·21 " ~ r 12 +28 " +·19 
06 -52 " -·23 " .8 11 06 +23 " +·20 
00 -44 " -·25 " ~ l 00 +19 " +·'21 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 7 0·83 
17 0·79 
27 j o·So 
6 I 0·85 

0 18 --35 .. --·27 .. I 000 OII8~ +14 .. +·22 

Ll_~_
2

_=_~_~ __ :._: ___ =_:_~_i_· __ :: _____ L o __ oo __ 

1
_· _

1

~ __ ._:: ___ ~_t_:!_ ~: J _Ja_n_' __ _ 

'Tho fnotor p nppllo• to the "increnee in emnirnn~e of thlo," nrnl not to tho "luorcnso in lunitidnl h1tcn·nl•." It i• 1luo to tho 
decliunttous of tho Knn nutl moon nrnl to tho eolnr pnmllnx. 

•In tlws<' tho phase inec1unlity is obtniueil from observat.ion. Tho in;,quulities duo to parallax nnd deC"Ji1111tio1• 
of suu und moon aro in accorduuce with Bernoulli's equilibrium theory. They are us tahulntecl by Lnhbock in tlio 
Philosophical Trnnsactions for 1836, pp. 58, 59, 257-262. For Devonport tbPse, too, aJ'e lm>;ecl upon ohsen·utious; of 
course the tnble for correction for moon's cleclin11tio11 would nnturnlly, in this case, involve that due to the sun. 

hThese tables ure ba8eu upon Tables 2·1, 25, nucl 31. 
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Factor e.tpressing the effect of the moon's pa.ralla.x upon the mean range of tide. 
-· --1 

'rime. ~c~:r~~-1 

d. 

I T<med_ J~ctor~~. _T_i_m_e. __ Fa_c_to_r_q. _ __ T_in~--- _F_·n_ct_o_rq_._, 

d. d. 

;::: r 7 0·98 
a°1 6 I '02 

·5 ~ j~ ~:~ 
~ 3 1·13 s... 2 1·15 

'OJ I 1"16 
~ 0 1·17 

rO I'I7 ;::: 17 0·99 rO 0·86 
Oi I 1·16 °' 16 0·96 ~ I 0·86 

-~,;I~ ~:~~ ~~i~ ~:u &~i~ ~:~~ 

1r11 iil t li rn1 j~ l! rn 
L----~---~-------- L __ . ___ _ I 

---· -------

In the column headed "Increase in lunitidal intervals" the negative values are often spoken 
of as the priming and the positive ones as the lu!f!Jing of tlie tide. 

The vulgar establishment, being the interval at "full and change," may be obtained from the 
mean lunitidal interval by entering the first table as many hours before spring tides as are 
contained in the age of the phase inequality. 

In making use of these tables for prediction purposes, the mean range (Mn) should be first 
multiplied by the factor q expressing the parallax effect; this corrected range should then be used 
in ascertaining the variation due to phase in the lunitidal interval and in obtaining the sernirange 
of tide. 

If several "tables of' phase effects" like the above be constructed with as many assumed 
values of S2/M2, or of (Sg - Np)/2:Mn, the [).Ccuracy of the results will be somewhat increased. 
This table is based upon Table 24, wherein Si )12 was taken as 0·46531. _ 

Of course this table of parallax effect can be replaced by a more accurate one involving the 
perigean and apogean ranges (Pn, An); but to realize this increased accuracy these ranges would 
have to be known from observation, and the age of the parallax inequality should also be observed 
and not assumed to be that of the phase inequality. 

A general table giving the diurnal inequality at any time, and involving certain nonharmonic 
constants, would hardly be feasibie, because of the nurnerous arguments involved.• Nevertheless, 
constants like the tropic high-and low-water inequalities in h~igbt (HWQ, LWC~), the corresponding 
intervals, the great and small tropic ranges (Ge, Sc) are serviceable in describing the character of 
the tide. 

In Chapter III, Part III, a scheme is given for the determination of the following no11harmo11ic 
quantities: 

HWI 
LWI 
Tropic HHWI 
Tropic LIIWI 
Tropic LLWI 
Tropic HL WI 
Age of phase inequality 
Age of parallax inequality 
.Age of diurnal inequaiity 

Mn 
Ge 
Sc 
Gt 
SI 
Sg 
Xp 
Pn 
An 
HWQ 
LWQ 
L w (OU staff) 
Tropic LL W (on staff) 
Mean LLW (on staff) 

In the determination of' these, the portion of the work relating exclusively to harmonic 
constants may, of course, he omitted. 

In the reductions for finding the spriug range, awl e8pPciaJly that for finding the neap (Part 
III,§§ 29, 30), it is importa11t to know the exact age of the inequality and to then use a grnup no 

·-------·--·-- .,_. --------
*See ~ § 66, 67, Part III. 
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more extensive than is necessary, say four tides in case of a long series and eight, for a short series. 
For this reason the age should be found by the inequality method,§ 55 (especially where there 
are shallow water components), instead of by noting when the interval has its mean value. 

In order to obtain good results and to avoid the labor of making certain corrections, series 
six or twelve months in length should be used. If the harmonic constsnts have been determined 
from hourly ordinates or from high and low waters in accordance with Part II, the ages derived 
from them may be used to advantage in taking out the above quantities. In all cases the longer 
the S«.'ries the narrower may be the group, and so the more definite th~ quantities found. 

The non harmonic constants given in the Tide Tables by the United States Coast and Geodetic 
Survey are 

HWI, J,WI, tropic IlHWI, tropic J,L\VI, 

Mn, Sg, Np, Ge, HWQ, LWQ, D 1IIWI, 

2D1, mean sea level above tropic LJ,\V. (147) 

2D 1 denotes the tropic range of the diurnal wave and D 1 IIWI its lunitidal interval. The 
quantities ranking next in importance to those given are probably the ages of the phase and 
diurnal inequalities. . 

These can be compared and other nonharmonic co11stants snpplie1l by aitl of the followi11g 
exact or approximate theoretical relations between the various ra11ges, intervals, etc., obtained, 
directly or indirectly, from Part Ill: ' 

(Sg- Np)2 

2 Mn= Sg +.Np+ !-sg+Nl>-. (148) 

2 l\In = Gt + SI. 

Ge-Sc= HWQ + LWQ. 

Gt=~ Ge+! Mn, or Mn+~ (HWQ + J;WQ); 

( 149) 

(150) 

(151) 

the former to be used where the greater i11ec1uality equals or exceeds, :say, t Mn; the latter, when 
both inequalities are small. 

The depression of average lower low water below mean low water is 

LWQ 1 [Ge- Mn]' -- -+ -- - - ·when LWQ>HW('I· ;3 LWQ 5 ' ~, 

or 
HWQ 1 [Ge - Mn]• Gt - ::\In - --3--HWQ ---- 5 ----- , when HWQ> L \VQ. 

z Mn = depression of mean low water below mean sea level. 

2- Sg = depression of low-water springs below 111ean sea level. 

HWI - LWI = dumt10n of rise, 

LWI - HWI =duration of fall, 

a•ltling 1211 25111 when necessary to make the result positive. 

(152) 

(153) 

(154) 

(155) 

(156) 

(157) 

(Hi8) 

Tropic IIHWI +tropic LHWI +tropic LLWI + tropicllLWI = 2 (HWI + LWI); (159) 

and, less accurately, 
Tropic LHWI = 2 HWI - tropic IIHWI, 

'Tropic I-ILWI = 2 L\VI - tropic LLWI. 

l\lc = 1 (Ge+ Sc). 

(HlO) 

(161) 

(1G2) 
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Ge= Mc+ z (HWQ + LWQ). 

Tropic LL W below MSL = z Mc + z L WQ, nearly. 

Indian barmouic tide plane below ::\ISL= 0·49 (Sg + 2 D 1). 

59. Prediction direct from observation. 

( 163) 

(164) 

(165) 

Suppose that a person start with a blank book containing as many pages as there are days in 
a year and labeled accordingly. Suppose the page ruled into 12 (or 24) columns, one for each 
possible degree of the moon's declination, viz .• 18° to 290. Let the page be divided horizontally into 

.15 equal strips, one for each day of the moon's age, reckoned from full moon as well as from new. 
In each of the rectangles thus formed Jet the observed heights and lunitidal intervals (obtained 

from the observed times and properly marked) be recorded. If observations be made throughout 
the node-equinox period, or about nineteen years, and thus tabulated, preuictions can be made 
by referring to this record in the following manner: 

Turn to the day of the year for which predictions are required. Select such tabular values as 
correspond most nearly to the age and declination of the moon for tlrn given day. If no such 
tabular value can be found upon the page for· the day in question, go a few days forward or 
backward until a tabular value is found which has very nearly the required arguments. The 
lunitidal intervals there tabulated give, when applied to the moon's transits for the day in question, 
the times of the tides. The heights are the tabular values unaltered. If in making the tabulation 
the effect of parallax upon the height of the tide is aJiowed for, it may be roughly ip.troduced, 
when predictions are required, by multiplying the range of the tide by the cube of the value of the 
parallax for the day divided by the cube of its mean value, o.r by makiug use of the second table 
of § 58. 

The moon's transits, declination, age, and parallax, when used, are supposed to be taken from 
the Nautical Almanac. · 

A very convenient method for obtaining fairly good predictions at a station having either 
great or small diurnal inequality, is the following: 

Take a year's observed high and low waters, or pref'<>rably a year's accurate predictions, and 
copy down alongside each date the time of the moon's Ruperior transit. '.l.'o predict for any given 
day of any year, use that part of' the year tabulated which is about the same season of the year as 
is the given date. :Find a day having, as nearly as may ue, the sarue hour of transit as has the 
given day. The times and heights of the tides for that day will be approximately the values 
required, 

If only very rough predictions are required, all inequalities may be omitted. In this case it . 
is sufficient to know the high-water lunitidal interval and the mean range of tide. This lJas been 
explained in § 51. 

In regions where the diurnal inequality is small the page should be divided with referenee to 
the various values of the moon's parallax instead of' declination. 

GO. Phase reduction.~. 
Along the coast of Europe and the Atlantic coast of America, the region of the West Indies 

excepted, the tide is of the semidiurnal type. Consequently, the greatest i11equality is the phase 
or semimenstrual, due to the sun. This is more especially tme of times than of' beighti;i. 

If a person has secured a month of observations upon hig·h and low water for any place along 
these coasts, he can, with very little computation, obtain reasonably good predictions. He bas 
only to tabulate the tides, along with the times of the moo11~s transits, take the lunitidal intervals 
(using the trausit immediately preceding) aud distribute the iutervals and heights according to 
the hour of transit, going from O to 12. 'fhis distribution constitutes a "second" or "phase 
reduction," an example of which is given below. Or, be may tabulate the times and heights 
without using iutervals, according to the hour of' the moon's trausit. In the latter case the time 
of the tide can be ascertained without even adding t.he interval to the time of transit, because the 
times of the tide are supposed to be tabulated with reference to the hour of transit as an argument. 

If the observations are Jess than a year in exteut, their times, as well as the times of the 
transits, should, strictly speaking, be changed into apparent time before making a phase reduc­
t10n; or the average value of the equation of time \'rable 30) for the period of observat1011s may 
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be substracte<l from the "hour of transit argument" of the reduction results, thus obtaining the 
same prediction table as before. The predictions made therefrom are, of course, in apparent time 
and must be changed into mean time by Table 30. 

On the Atlantic coast of the United States, the phase inequality being small, the kind of time 
used is quite immaterial, mean time being almost as satisfactory as apparent. 'l'bc prediction table 
got out in the kind of mean time used in the observations can be adapted to another kind of mean 
time by applying a constant (equal to the difference between the two kinds of time) to the tabular 
values. 

An example of the method of making a "first" and a "phase" (or" second") reduction, is given 
for Tybee Island Light, Savannah Hiver Entrance, Geoi·gia, for l\lay 1-29, 1891. As a matter of 
convenience, the GrP.enwich time of the moon's transit is taken directly from the Nautical Almanac, 
merely changing astronomical to civil time. The observations were made in eighty-first meridian 
time, which is 511 24m west, while the local meridian is 51i 23 111 ·37 west. In tabulating tile observa­
tions two lines are given to each day. All hours less than 12 are in the morning; all greater are 
in the aft~rnoon, and when diminished by 12 give the usual teckoning; for instance, 1511 is 3 p. m. 

Tybee Island Light, Georgia. 
Fi1·•t reduoti-011. 

Time of- I J,unitidnl intervnl. I Height of-

I Dnte. I Jlloon's Remarks. 
1 

transits. ! I HW i LW I HW LW HW LW 
I ·-·-- ---

1· ': :, I(: 
-----

18<)1. m. ''· m. "'· '·· tn. feel. feet. 0 ' " 
(17 35) Lat. = 32 01 20 :N. 

M•y ' I(,! 04 0 39 04) 0 58 9·3 2·5 J,ong. = 8o 50 37 = 5h 23ni·37 \V. 
33) 13 IO 19 20 7 06 (o 47) 8·3 2·7 

2 7 01 I 45 8 03 (7 12) I 02 9·1 2'2 
(19 28) 14 20 20 27 7 19 (o 59) 9·0 2·7 

3 7 55 2 4S 9 os (7 17) I JO 9·3 2·0 
1(20 21) IS 07 21 40 I 7 12 (1 19) 9·5 2·6 

4 8 47 3 s2 IO 04 (7 31) I 17 9'S I ·7 Observations in eighty-first meridian time 
(21 I2) 16 os 22 4s 1 7 18 (I 33) 10·0 2·s = 5h 24m 

s 9 37 4 53 I I 05 ( 7 41) I 28 9·7 r·6 
(22 02) 17 12 .~~ .. ~~·1(~ 3S (r 28) 10·4 2·3 

6 JO 28 5 SS S3) ........ 9·8 . ...... 
(22 53) 18 20 12 04 7 s2 I 36 I0'8 I'S Greenwich transits 

7 II 18 6 36 0 48 (7 43) (I SS) 9·9 2·0 
(23 44) 18 so 12 56 7 32 I 38 II'! 1'3 

8 ......... 7 27 l 34 (7 43) (r so) 9'9 J'8 
12 II 19 3S 13 36 7 24 I 2s I I ·4 1'2 

9 (o 38) 8 os 2 09 (7 27) (1 31) 9·8 1'7 To convert Greenwich transits to local 
13 os 20 31 14 19 7 26 I 14 II'O 1·4 transits, observation time, add L - S + 

IO (r 33) 9 04 3 00 (7 31) (r 27) 9·4 1'9 0·03s (L - E) = 10m·7, consequently 
I4 01 21 16 14 S9 7 IS 0 s8 IO'S 1·8 to correct intervals subtract 10'"·7 

II (2 29) 9 3S 3 42 (7 o6) (I 13) 8•8 2·3 
14 57 21 57 IS 38 7 00 0 41 IO'! 2·2 

12 (3 2s) IO 30 4 I9 (7 os) (o S4) 8·6 2'] 
IS 52 22 3S r6 2s 6 43 0 33 9·8 2·6 

13 (4 19) II r8 4 SS (6 S9) (o 36) 8·4 3 ·1 
16 45 23 22 17 18 6 37 0 33 9'S 3·2 

14 (S 10) ........ 6 00 ......... (o 50) .. ·3:;·1 3·4 
I7 34 12 o6 r8 22 (6 s6) Io 48 3·6 

15 (S sS) 0 32 6 47 6 ss (o 49) 9·1 3'7 
18 21 I3 09 19 05 ( 7 II) 0 44 8·r 3·9 

16 (6 43) I 33 7 34 7 12 (o SI) 9·0 3·8 
I 

I9 04 14 os 20 rs ;(] 22) I II 8·4 4·2 
17 ' (7 2s) 2 IS 8 

2217 
II (o S7) 8·8 3·8 

I9 46 IS 13 21 17 ( 7 48) I 31 8·7 4· I 
18 (8 o6) 3 JI 9 12 7 2S (I o6) s·s 3·s 

20 26 IS s8 22 12 ( 7 52) I 46 8·9 3·6 
19 . (8 47) 4 08 IO 

0417 
42 (r 17) 8·7 2·9 

121 
07 16 30 22 44 (7 43) I 37 9·1 3·0 

20 (9 27) 4 40 IO 54 7 33 (r 27) 8·6 2·6 HWI LWI HW LW 
21 48 I7 19 23 3S :( 7 s2) I 47 9.4 2·8 56 s6 56 56 

21 .(IO 10) s 31 .~~ .. ~~·1(~ 43 (I 31) s·s 2·s /1. m. /1. m. .feet .feet 
:22 32 I8 00 so) .. .. '8'" 9'7 ....... Sums 383 1742 34 1908 

5300 ~ 22 (IO ss) 6 27 0 30 7 SS I 

~o) I 
8·9 2·7 Means 7 21·s I w·s 9·46 2·61 

23 18 I8 so 12 2s ( 7 SS) (.r 10·0 2·4 
i I 
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Tybee Island Light, Georgia-Continued. 
First reduotion-Continuod. 

,-------,-----------,-------------.,.---------------------. 
1

1 

__ H_WT-im_e

1

_o_f---1 J,u1111~~:dal int

1

e_:.al. Height of- I 
Date. ?.loon's 

transits. Ren1arks. 

J,W .. ... HW I LW i 
____ ,____ ·I ·-----------------! 

111. fed. fed. I 1891. "· 111. 
May23.(II 43) 

24 0 09 
(12 35) 

25 I 03 
( 13 32) 

27 

28 

2 

(14 
3 

(IS 
4 

( 16 
4 

(17 

or 
30) 
00 
30) 
00 
28) 
57 
24) 

It. 111. 

7 00 
19 15 
7 37 

20 02 
8 20 

20 54. 
9 14 

21 38 
9 58 

22 30 
IO 49 
23 12 
II 40 

ll. m. lz. 
I 10 7 

13 05 ( 7 
I S2 7 

13 50 ( 7 
2 33 7 

14 27 ( 7 
3 19 7 

IS II ( 7 
4 00 6 

lS 46 ( 7 
4 30 6 

16 47 ( 6 
s 43 6 

18 00 

m. lz. 
42 I 
32) (I 
28 I 

~~) le~ 
22) (o 
13 I 
oS) (o 
58 I 
oo) (o 
49 0 
44) :( 0 

43 : 0 

j(o 

52 .9·0 2·6 , Mn= 9·46 - 2·61 = 6·85 feet 
22) 10·4 2·2 I 
43 9·1 2·s I Correcting intervals for transits 
rs) I 10·5 2·2 
30 9·1 2·3 : 
5S) 10·5 1 2·2 ' HWI = 7'' um 
18 9·1 2·4 . LWI = I oo 
41) 10·4 2·4 
00 9·0 2·6 
16) 10·3 2·6 
30 9·1 2·8 
19) 
46 
36) 

10'2 
9·2 

2·9 
3·1 
3·2 

Tybee Island Light, Georgia. 
Pliast1 or second red11otionfo1· high water. May 1-29, 1891. 

Moon's up­
per and 

lower trans­
its. 

Lunitidal 
Interval. 

Height 
on staff. 

No. of Moon's up- ,I No. of/ Moon's up- / 
obser- per nnd Lunitidal Height obser- per and Lunltidal 

1 

Height 

tions. its. ! lions. its. 

No. of 
obser­

va­
tions. 

va- lower trans- interval. on staff. va- I lower trans- interval. on staff. 

____ ,I_---- , I ---- ____ , ____ ! ___ , __ 
fl. 111. lz. m. feel. fl. m. lz. m. feel. fl. 111. lz. m. feel. 
12 II 7 24 II'4 13 os l 26 II'O 14 or 7 lS lO'S 

( o 38) 7 27 9·8 ( r 33) 7 31 9·4 ( 2 29) 7 o6 8·s 
0 09 7 28 9·1 l 03 7 17 9·1 14 S7 7 00 IO'! 

(12 35) 7 27 10·5 (13 32) 7 22 10·5 2 or 7 13 9·1 

----------------i; --------------- _(_1_4_3_0_) ___ 1_oS_,_1_0_·4_ --

106 I 40·8 4 73 96 40·0 4 I 18 42 : 48·9 s 93 
0 23 

( 3 
IS 
3 

(rs 

2s) 
s2 
00 
30) 

7 26 I 10'20 I 18 7 24 10'00 2 24 7 08 9·78 

7 os 8·6 ( 4 19) 6 S9 8·4 
6 43 9·8 r6 4S 6 37 9·s 
6 58 9·0 4 00 6 49 9·1 ' 

4 S7 6 43 9·2 

( 5 10) 
17 34 
s s8 

( 17 3S) 

6 56 
6 58 
7 II 
7 04 

8·2 
9·1 
8°1 
9·3 7 oo I 10·3 I (r6 28) 6 44 10·2 I 

--I;- --2261---;--:;- -->i- ---I:;- --232 --::;6~ 1--S-. --13_7_ ---09- -3-4-·7- -4-

3 27 6 s6 9·42 4 30 6 46 9·28 s 34 7 02 8•68 

6 
(18 

18 
( 6 

04 
33) 
21 
43) 

IOI 

6 2s 

(21 12) 
9 37 

21 07 
( 9 27) 
21 48 

7 o6 
7 12 
7 12 
7 22 

52 
7 13 

7 41 
7 3S 
7 33 
7 52 
7 43 

8·3 
9·1 
9·0 
8·4 

34·8 
8·70 

9·7 
10·4 
8•6 
9·4 
s·s 

4 

-----1--·-- ------
131 

9 26 
204 

7 41 

7 OJ 
( 19 28) 

7 SS 
19 04 

( 7 2s 
19 46 

159 
7 26 

7 19 
7 17 
7 12 
7 II 

7 48 
7 25 

132 
7 22 

9·0 
9·3 
9·s 
s·8 
8·7 
8•8 

54·1 
9·02 

(22 02) 7 S3 9·8 
10 28 7 52 10·8 

( 22 S3) 7 43 9·9 
(10 10) 7 50 9'7 
22 32 7 SS 8·9 

6 

(10 SS) 7 SS 10'0 I 
--I;;- --3o8 ---;-:-;-- --6-1 

IO 30 7 SI 9·8s I 

(20 
8 

( 8 
20 

( 8 

8 

II 

(23 
23 

(II 

II 

21) 
47 
o6) 
26 
47) 

147 
29 

18 
44) 
18 
43) 

123 
31 

7 31 
7 18 
7 s2 
7 42 
7 43 

186 
7 37 

7 32 
7 43 
7 42 
7 32 I 

149 
7 .37 

9·s 
10'0 
8·9 
8·7 
9·1 

46·2 
9·24 

II"l 

9·9 
9·0 

10·4 

40'4 
IO'lO 

5 

--
4 
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Tybee Island Light, Georgia-Continued. 

Phase or Beconcl red11otio11 for low watei·. May 1-29, 1891. 

Moon's up- [ 1· No. of 1'1 Moon's up- No. of [[ Moon's up- No. of 
per and Lunitidal Height ol>ser- per and Lunilidal Height ol>ser- ! per and I,unitidal Height ohser-

lowcit!.rans. i interval. on staff. ti~~;s. loweft!~aus- interval. on staff. ti~~;s, j loweft!~ans- interval. on staff. ti~~1-5. 

_____ 1 ____ 1--- ---:t------ ----,---11-----1-----1---- ---

Jz. m. 
12 II 

feel. "· m. I II. m. feel. I II. >11. 11. Ill. feel. 

( 0 38) 
0 O<) 

(I2 35) 

ll. 1/l, 

I 25 
I 31 

43 
15 

I'2 
I'7 
2·5 
2·2 

I 
-----------------! 

T6 41 

I3 05 I I4 I"4 I (I~ ~~) ~ i~ ~:~ 

:.; ~!: l __ i i~ _ _jl --1 _(_:_i_~_sI_l ___ :_r_!~---~_:! __ _ 
93 114 

O· 23 28 I'90 
73 
18 

66 
I6 

rs 
I'95 

3 25) 0 54 2"] ( 4 I9) 0 36 3"I 
IS 52 0 33 2·6 16 45 0 33 3·2 
3 00 00 2·6 ; 4 00 0 30 2·8 

4 
2 

118 
24 

( S ro) 
17 34 

( 5 58) 
( 17 24) 0 36 

0 50 
0 48 
0 49 

I l 'I 

2'22 

3'4 
3·6 
3·7 
3·2 

s 

_(_1_s_3_0 )-.--o--I-6 -2-·6 ____ [ _(_1_1_s_2~-) --~--~-i -~_:? ___ _ _____ I __ _ 

3 

6 
(18 

18 
( 6 

I07 
27 

04 
33) 
21 
43) 

IOI 

6 25 

0 58 
0 47 
0 44 
0 51 

200 

0 50 

10·5 
2·62 

2·5 
2·7 
3·9 
3·8 

I2'9 
3·22 

(21 12) 33 2·5 
9 37 28 r ·6 

21 07 37 3·0 
( 9 27) 27 2·6 
21 48 I 47 2·8 

4 

4 

149 I 
4 30 

164 
0 33 

15·1 
3·02 

l 
I
' 7 Ol I 02 2"2 

( I? ~~) I ~ i~ ~ :~ 

s 

<~ !i) j__i H j:~ __ 
159 

7 26 
50 

I 08 
I9"0 
3·17 

6 

I26 
5 32 

(20 21) 
8 47 

( 8 o6) 
20 26 

( 8 47) 

147 
8 29 

I 19 
I I7 
I 06 
I 46 
I I7 

I05 
l 2I 

( 22 02) I 28 2·3 I 1 I 18 I 38 
IO 28 I 36 I'S (23 44) l 50 

~~~ i~l ~ ~i ~:~ ! (~i ~~) ~ ~~ 
22 32 l 58 2·7 I 

2·6 
I '7 
3'S 
3·6 
2·9 

I4'3 
2·86 

1·3 
!'8 
2·6 
2·2 

4 

s 

___ l _____ l_I 
9 I~~ I I I~~ l~:~o I S I 

(IO 55) . I 30 2·4 ii I I 
--r8o ----;;s ~~ --6-f --1;;- --162 --7-;- -4-

IO 30 l 40 2'23 j' II 31 l 40 i 1'98 

~---

1'/laBe or Bccoud 1·cd11ctionfo1· H\V and LW. May 1-29, 1891. 
HECAPITl'LATION. 

~"'' I High water. --_-; 

1 

__ M_o_o_n-'s ____ i_,o_w_"_·n_tc_·r_. ------

upper and Lunitidal I Height on o~~~n-11 , upper and Lunitidal Height on 0~~e~~-
Jowei~!~ans- interval. staff. tions. , lowei~!'."'111s- Interval. staff. tlons. 

'----1----1----
; 

ll. m. lz. m. feet. ',1 ll. m. 11. "'· feet. 
0 23 7 26 !0'20 4 0 23 I 28 I '90 4 
I 18 7 24 JO'OO 4 I 18 I 16 l '95 4 
2 24 7 08 9·78 5 2 24 0 58 2'22 5 
3 27 6 56 9·42 4 3 27 0 41 2·62 4 
4 30 6 46 9·28 5 4 30 0 33 3 ·02 5 
5 34 ' 7 02 8•68 4 5 32 0 46 3 ·48 4 
6 25 I 7 13 8·70 4 6 25 O 50 3·22 4 
7 26 7 22 9·02 6 7 26 l o8 3•17 6 
8 29 7 37 9'24 5 8 29 I 21 2'86 5 
9 26 7 41 9·38 5 9 26 l 34 2·50 5 

IO 30 7 51 9•85 6 IO 30 I 40 2'23 6 

__ I_r_~ 7 2:;-,~::: -- 5: 1--1_1_~~~--3:::: --5: 

7 20'2 9'47 I 0<)"6 2'6o 
11 
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The first reduction is made by subtracting each transit from the time of high or low water 
which directly follows it, thus filling out the columns headed '' Lunitidal interval." If the 
observations had been taken in local time, and the local time of the moon's transit across the local 
meridian had been used, these lunitidal intervals would represent the lag of the tide behind the 
moon; but in this example each interval is to a certain extent fi"titious, and requires a correction in 
order to reduce it to its true local value. As a general rule, however, there is uo need of correct­
ing each interval, for only average intervals are of use, so that the mean of all the high-water and 
of the low-water intervals can be corrected by applying a constant once for all, which is obtained 
as follows: 

Let S = west longitude in time of the time meridian used. 
L = " " " " station. 
E = " " " " ephemeris used for transits. 

Then the correction to reduce the observation time to local time is 

S- L, (166) 

and the correction to the intervals, due to the motion of the moon in her orbit while passing from 
the meridian of the ephemeris to the meridian of the station, is · 

0·035 (liJ - L). (167) 

Combining both corrections, we have for the entire interval correction expressed in hours 

S - L + 0·035 (E - L). (168) 

In this example S = 5h·400, L = 511•390, aud E = 011·000; hence, the correction is -10111 ·7, as stated 
on the first reduction sheet. 

The phase on second reduction is made by distributing the intervals aud heights of the first 
reduction according to the hour of the moon's transit. All intervals for high water which were 
obtained by using transits occurring between 011 oom and 011 59111 , as also betweeu 12h OOm and 121i 5!J 111 , 

together with the corresponding heights, are thrown into one group; those intervals resulting 
from transits between 1 h oom and 1 h 59m, and between 1311 oom and 1311 5!Jm, are also colleC'ted 
together into one group; and similarly for each hour of the moon's transit. The same distribution is 
then made for the low-water intervals and heights. Bach group is summed and the mean obtained 
by dividing by the number of observations. The twelve means, oue for each hour of transit from 
0 to 11, are then brought together into a tabular form, designated, as a ''Recapitulation," and the 
mean of all obtained by dividing the sum by twelve. Before using these final mean iutervals as 
the establishment for high or low water, they must be corrected in the same manner as the first 
reduction results were, which in this case is done by subtracting 10·7 minutes from each. 

61. Rou(Jh prediction of tides from phase reduction. 
The values contained in the recapitulation of the phase reduction may be represented 

graphically by plotting them upon profile paper and joining the points thus given with a curved 
or broken line. (See Fig. 8.) These curves can be used for making approximate predictions of 
the tide at the station, but their irregularities i,;l10uld first be smoothed out by estimation of the 
eyP, or preferably by means of t.he Fourier series, using only those terms of the series whose 
coeflicients have the subscripts 1 and 2, and the even-numbered hours, in the form given in § 71, 
Part II. In order to make this method of prediction clear, an example is given of the predicted 
times aud heights of high and low waters at Tybee Island Light, Georgia, on the first five days of 
January, 1898, using the uncorrected curves of Fig. 8, although the results must be rougher than 
those which might have been obtained by aid of§ 55. 

In this example the Greenwich times of the moou's trausits are taken from the Ephemeris or 
Nautical Almauac, merely changing the time into civil reckoning. The curves are then read at 
the times of transit, furnishing the values given ill the lines marked H \VI (high-water iuterval) 
and L WI (low-water interval). These readings of the interval curves added to the time of transit 
give the approximate times of high and low water. The height curves are also read at the times 
of tran.sit. No distinction is made between upper and lower transits in this method of prediction; 
and whenever the hours of transit exceed twelve t11ey are reckoned as applying to the curves at a 
time twelve hours earlier, but the real value of the time of trausit is set down in the computation. 
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1'ybee Island Light, Georgia. 

PREDICTION OF TIDES FROM PHASE mmUCTION. 

I Dec., 18<}7. l-·--Ja-1ma_ry._1fl9-~_. __ I 
I 31 I I 2 3 4 5 . 

!---------------- -------------- ----
HWI 
)) 's upper transit 
LWI 

Time of HW 
'l'ime of L W 

Height of HW 
Height of LW 

HWI 
)) 's lower transit 
LWI 

Time of HW 
Time of LW 

Height of HW 
Height of LW 

ll. m. 
7 14 

I8 29 
0 5I 

''· 111. 7 20 
19 13 

I 05 

It. m. 
7 29 

19 59 
I 14 

11. 111. 

7 3S 
20 46 

I 25 

"· "'· 7 43 
2I 36 

I 35 

"· ,,,, 
7 50 

22 26 
I 40 

-----11---·-- -------,------

~~ ~g ~~ ~~ I ~f ~~ ~~ ~i ~j :i ~~ :! 
fl. fl. fl. fl. fl. fl. 
8·7 8·9 9·1 9·3 9·4 9·S 
3·2 3·2 I 3·0 2·7 2·5 2·2 

'~ ;~ ~· ;·1· i '1· ;~ I '1· ;~· '1· :~ '~· :~ 
6 07 6 51 I 7 36 8 22 9 II IO or 
0 48 0 5S I 09 I 20 I 30 I 3S 

--------------1----·l-----
13 16 
6 55 

fl. 
8·7 
3·3 

14 oS I5 00 15 57 16 5I I7 4S 
7 49 8 45 9 42 IO 41 II 39 

ft ft ft ft ft 
8·s 9·1 9·2 9·3 9·6 
3·2 ; 3'I 2·9 2·6 2·4 

I i I ----------------------------- -------

383 

It will be observed that the computed time of ti1le frequently comes out greater tl.iau twenty-four 
ho.urs; this is to be understood as indicating the uumher of hours which have elapsetl from miduight, 
llegiuning the day on which the transit used occurs, until the given tide. By sulltracting twenty-four­
hours antl increasing the day by oue such times may be expressed in the usual reckoning; for instance, 
the high water given as 25h 43m on December 31, 18!J7, corresponds to l11 43m on Jauuary 1, 18!:18. 
'l'he predicted times are expressed in eighty-first meridian time, the same as the observations were 
taken in. The predicted heights are as they would read on tlie tide staff upon which the observa­
tions were made. From the phase reduction it appears that mean low water read 2·6 feet on the 
staff; hence to retluce these predicted heights to the plane of mean low water subtract 2·6 feet 
from each. In case one desires to make predictions in any kind of time other ihan that in which 
the observations Wl're taken and to refer the heights to any g·iven plane of reforence, the table of 
recapitulated values of the phase reduction should be so modified as to satisfy these conditions; 
and then the values should be plotted, and the curves used as before. 

The phase inequality in height may be reduced to its mean value by divitling by the "factor 
for (Sg - Np)"§ 58, antl the remark there made conceruing the effect of parallax upon the range 
applies here also. 

62. Types of tide. 
Observations show that cotidal lines off a shore or reef are nearly parallel to the same, 

resembliug somewhat the contours of equal depths. This is what would naturally follow from the 
consideration of a free wave propagated over shallow areas. The same remark applies with about 
the same degree of precision to lines of equal lunit.idal interval. 

Example.-Luuitiual intervals for the (outer) coast of the United States: 

Region. 

I 
Eastport to N. and E. shores of Nantucket and 

l\iarthas Vineyard 

I 
S. and \V. shore of do. to Florida Strait 
Cape St. Lucas to Cape Flattery 
Cape Flattery to Kacliak Id. 

I 
. Intrn·al. ~ 

1--;;-emidaily ~;~-:--[ Diuri:nl wave D'lf 
H WI. Tropic D 1 H WI. 1 erence . 

. ---------- -··----1-----

"· II 

7~ 
8! to 12~ or o 

0 

ft. 
8 

8 
5 to st 

S! 

"· +3 
-r 
+4 
+4 
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These intervals must he increased for bays or tidal rivers. On the Atlantic coast the <liurual 
wase is small in comparison with the semidiurnal. On the Pacific coast the two may approach 
equality. 

'.ro ascertain the type of tide from the above values, draw a diurnal and a semidiurnal wave; 
then combine the two by adding the ordinates algel>raically. (S1:;e Figs. 1, 7.) 

The (tropic) diurnal high waters being three hours in advance of the semidinrnal high waters 
in the northern New England region, it follows t11at there is about the same inequality in the high 
as in the low waters, that the sequence of tide is from highe1· high to lower low, that the tropic 
higher high-water interval is less than HWI and should be marked a, that the tropic lower low­
water interval should be greater than L \VI and marked b if taken about six hours less than HWI: 

a indicates that the interval is to be applied to an ]upper transit, the moon's decli11ation being a ower 

north; b · d" te ti t ti · t I · t 1 - i· '1 t a lower t "t th ' d l" t· south; m ICU s rn · ie Ill en·a 1s o ue app Ieu o an upper rans1 , e moons ec ma 10n 

be"n 11orth.• 1 g south. 
For the remainder of the Atlantic coast, the l1igh waters of both waves nearly coincide, 

thereby putting nearly 1tll of the height inequaJity in the high waters. In fact, the low-water 
inequality is so small that the sequence of the tropic tides <loes not remain fixed throughout the 
year. (See §21, Part III.) The tropic high-water interval is almost exactly equal to HWI an<l 
should be marked a. 

On the Pacific coast the greater height inequality is, obviously, in the low waters, but there 
is a good amount in the high waters. 'l'lie seque11ce is 11ig11er l1igh to lower low. 'l'he tropic 
higher high-water interval is less than HWI, antl shonhl he marked a unless tlic small value 
(about zero) be used, in which case it !'.honld be marked b. The tro11ic lower low. water interval is 
greater than LWI, a11<l shoulll be marked b if taken about six hours less than the I-IWI marked a. 

Particular localitics.-The tides at 'Willets Poiut, N. Y. (see Figs. 9-HI), have a comparatively 
long stand, somewhat resembling the tides at Havre. The alternate low waters (more definitely 
the" lower lows") approad1 at times to the condition of double tides or aggers, § 15. 

The tide at Sandy Hook, N. ,J., is "regular;" t11at is, comparatively free from shallow water 
components. Thi.s curve is characteristic of tlie tides at ocean stati.ons along tbe Atla11tic coast 
of the United States. All along this coast the phase nn<l diurnal inequalities in height are srnaU 
in comparison with tlle range of tide. 'l'he ~hanges in mean sea level which happen <luring the 
fortnight shown arc not tidal, but meteorological. 

A.t Philadelphia, Pa.,t the stand is short. The duration of fall is mnch longer tlian the dura­
tion of rise. In fact, there is a tendency toward a bore. This tendency is earried much further 
at ltambler Island and Volcano Isla.Jl(l, as is shown by Fig. rn. 

At Galveston, Tex., the tide is almost wholly diurnal. When the moon is north of the 
equator the tides follow one transit, au<l when south, the other. When she is upon the equator 
the tides nearly disappear. 

At Mazatlan, 1\Iexico, the tide has large phase and diurnal inequalities in height. The former 
causes the sernidaily range of tide to disappear at times (n<'ar neap tides), and the lunitidal 
intervals to suddenly change in value. This feature is found in tbe ti.des at Port Adelaide, 
Australia, where it is locally termed the "dodging tide." 

At Port '.row11se11d, Wash., the diurnal wave is large whenever the declination of the moon is 
considerable. Its phase with respect to the sernidiurual is then su.ch that nearly all of the diurnal 
height inequality occurs in the low waters, and so nearly all of the diurnal time inequality occnrs 
in the high waters. Here the sequence of till es is unce1 tain even at the times of extreme 
declination. 

At St. Michael, Alaska, the tide is essentially diurnal. 

*Ferrel's diai,>Tam of the Boston tides, Tidal Researches, Fig. 2, bus tlie interval of the diurnal wave wrong by 
a. half lunar day. 

t The shallow water component M, is here unusually ]urge. M, causei; lll08t of tho ine<1uality between tile 
duration of rise and fall. 
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At Honolulu, Hawaiian Islands, the clinmal height inequality is nearly all in the high waters, 
instead of the low. 

At Tahiti tbc tide is largely solar, so that the solitidal intervals arc gP-nerally more nearly 
constant than the lunitidal intervals. (For a plotting- of the solitidal intervals, see Fig. 13 of 
Ferrel's Tidal Hesearchcs.) 

At Havre, France, the tides have a long stand and approach the double-headed form. The 
phase inequality is large ill comparison with this inequality on our Atlantic coast. 

Fig.1!) is obtained from observations published in a Ueport on tlie llore of the Tsien-tang 
Kiang, by Commander Moore, R. N. Raining is at a point where the estuary suddenly narrows; 
Rambler Island and \'olmtno Islands arc situated seaward about ~8 and 75 statute miles, 
respectively. 

6584--25 



CHAPTElt V. 

TIDAL WORK AND KNOWLEDGE BEFORE THE TIME OF NEWTON. 

63. The maritime people of antiquity whose history has come down to us lived on or near the 
.Mediterranean Sea, where the tide is generally small, aud so they probably paid little attention to 
this periodic rising and falling of the waters. The numerous islands and straits, however, give 
rise to tidal races, and these in turn may be accompanied by whirlpools. The mythological Scylla 
ancl Charybdis, described by Homer,• were at a later periou localized in the Straits of Messina, 
Scylla being a rock ou the Italian shore, ancl Uharybdis a whirlpool (now Galofaro) near the 
Sicilian shore.+ 

He places them near Trinacria (or Thrinacia)'l the three-cornered island of the sun, afterwards 
localized as Sicily. t The velocity of this race may be 6 miles per hour, while the range of the tide 
is but 1 foot. Homer says, "Under this§ divine Charybdis sucks in black water. For thrice in a 
day she seuds it out, and thrice she sucks it in terribly." Strnbo, probably without sufficient 
~ounds, is inclined to attribute to Homer some knowledge of ordinary tides, and says, "The 
assertion of thrice, instead of twice, is either an error of the author or a blunder of the scribe." II 
Strabo subsequently makes another explanation, viz., that Circe says tlirice instead of twice iu 
01·der to exaggerate the perils which await Ulysses, and so to deter him from departing. Strabo 
adds, "However, this latter is a hyperbole wliich everyone makes use of; thus we say thl'ice­
happy and tlirice-miserable.''11 Gossellin remarks," In the Euripus, which divides the Isle of Negro· 
pont from Bmotia, the waters are obserYecl to flow in opposite directions several times a day. 1t 
was from this t:hat Horner probably drew his ideas.'' 0 Accm·diug to the explanation adopted, 
''thrice" may lJe either an inteusitive or an indefinite term. 

The much more formidable tidal currents in the fjords of Norway and among the islands 
aronrnl Scotland have undoubtedly played an important part iu the mythology of the a11cie11t 
in habitants of these couutries. tt 

While the m,ytlls of Scylla and Charybdis undoubtedly owe their origin to tidal movements, 
antl while the large tides of the Hed Sea may possibly help to explain the passage of the Israelites, ft 
it ;;eem,:; probable that the deluge was <lne to some earthquake disturbance whereby a portion of 
lower Mesopotamia may have beeu submerged.§§ 

"Otlyssey, Bk. XII, lines 73 et 8C'j. 

I i'trauo, Geography (Hamilton and Falcon<'r'H t1·a11i;J11tio11, Hol111'1; Iil.Jrary): Bk. I, Ch. JI, \I 16; Bk. VJ, Ch. II,~ 3. 
Mediterra11ean l'ilot, Vol. I (1804), pp. 40G-·108. 
Beq;hans, l'hyAikalischer Atlas (1892), No. 2.1, 
At. thiH point tho ;\l1•tliterra11Pa11 Sea is divide1! into two part8, easteru and westeru. Enl'h part haH a tide of its 

own, anil so the water at the two c111ls of the strait is uot upon the Mmo level. 8ee 11 40. 
: c;eog., ilk. \·I, Ch. II, 11 l. 
\i I.1•., wil1! fiµ;-tree. O<!ysscy, Bk. XII, lines 10l-10li. 
II Geog., Bk. I, Cb. I,§ 7. 
,f Geog., Bk. l, Cl1. II, ~ 36. 
uGeog., Bk. I, Ch. I, \i 7, footnote; Cf. ibid., Bk. I, Ch.11, ~ 30. See under Aristotl.,, 
ti For so111e iufornmtion along this litw, see Enc. Brit., urticlo "Whirlpool." See alHo thiH manna) under Hakluyt 

:rnd Yarouius. 
:: Ex0<lus, Chs. XIV, XV. ~culiger, Exercitatio Lll, aud Vureuius, Geographiu Generalis, Vol. I, Ch. 14, do not 

take this vif'w. Cf. Laland1', Astronomic, Yol. HI, p. 649. 
It seems th:~t in this vicinit.1· Xupoleon came nour repeating l'harnol1'>1 experience. Harper's Magazine, Vol. 

J \' ( 1852), pp. :HO, 8ll. 
~~ B. K. Emeri;on, "Geo!ogi.,al myths," :o;dence, Vol. IV (1896), pp. 328 et seq. 

38!i 
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64. Herodotus (484-428 B. C.) says, referring to a certain bay or arm of the Hed Sea, "And in 
it an ebb and tlow takes place daily."• 

'l'his is the only mention be makes of tides proper, and he says notbing conceming their 
origin. He thus describes the annual overflow of the Nile: 

Hespecting the natnre of thit1 river, I was unable to gain any informntion, either from the priests or anyone 
else. I was very desironli, however, of learuing from them why the Nile, beginning nt tlrn summer t1olstice, fills 
and ovnrfiows for n hundred days; and when it haH near!~· completed this nnmbt•r of dayH, falls short in its stream, 
and retires; so that it continues low all tho winter, until the return of the summer t1olsticc. t 

Herodotus then gives several opinions which had been advanced by others to explain this 
characteristic of the Nile, and follows these by an explanation of his own, which amounts to 
attrilmting the low stages during the winter season to evaporation caused by the :,mu then being 
over upper Libya. 

Although l'lato ( 420-348 B. C. ), in common with most of the Greek philosophers, believed 
the earth an animal, he does not attribute the rising and falling of waters to its breathing, but 
rather to oscillations of the fluid within the earth. 

Fournier, in his Hydrograpltie (1643), does not regard this latter hypotllesis as altogether 
untenable. 

Aristotle (384--322 B. C.) seems t11 liave been aware of the existence of tides in certain places; 
but he probably paid little attention to tbem, notwithstanding the allegernent that his death was 
indirectly due to the study of their cause.:j: 

The following extract is taken from the fourth chapter of his letter entitled "On the 
universe," addressed to Alexander, aud which, although usually regarded as spurious, may ueycr­
theless embody the ideas of Aristotle. Other than this, his writings refer to the tides bnt twice. 
He states that great tides are found in northern I~urope, aud that they are gn,ater in a large sea 
than in a small one.§ 

'l'lle periodicity of the tide and its connection with the moon's motion are alluded to, but only 
as if by hearsay. t5ubmersions of the coast aud waves due to earthquakes would, 11aturally 
enough, have been better k11ow11 to him. 

Things a1111logons to these II are found in the Hon ahio; for, oftentimes chasms in the water uro formed 1.Jy the 
receding wavet1, and the incoming wn.YeB advance, Aometimes agniu retrnuting nml sometimes only rushing straight 
forwar<l as seems to have huppeuod to Helice anti Bum.~ Oftentimes also lier~· eruptions exist iu the sen, fountains 
gush out, 111011tht1 of rivers nre opened, trocH spring np, delug-cA and whii·Ipools ariH<» corresponding to thosll which 
often accompany the wind; some in the mitldln of the tleep seu., others in straits and hays. It i» even said that 
many elibings and risings of the sea alwap1 come around with the moon mu\ upon certain lixell times. In n. word, 
since the elenwnts aro mutually intermixed with one another, there appear, likcwit1e in the air, thn earth nm\ the 
sea, analogous affinities which either ma~· creat.e aud destroy certain properties Lof onl'h snl.Jstaneo] or may proserYll 
them in au nnaltoretl state. 

In speaking of northern Portugal, Strabo says: 
The eastern part is mountainous and rnggc<l, while the co1mtry beyond, ns far as thl1 sen, consists entirely of 

plains, with the exceptiou of 11 fow inconsitlerahlc mountains. On this acconnt l'osidonions remarkt1 that Aristotle 
wnt1 not correct in supposing that tht1 ebb and tlow of the title waH occasioned hy tho scn-coa~t of Iberia and 
Manrnsia. For AriRtotlo at1sertod that th<' titlet1 of t.110 sea were cansetl hy thn extremities of tho ]:111<1holng11101111-
tninons nnrl rnggo<l, and therefore both receiYing the wa\'e violently allll also casting it !Jack. Whereas l'osidouius 
truly re1narks that they nm for the moHt pn.rt low and sandy.•• 

For two other views attributed to Arh;;totle, see u11der Plutarch antl under Galileo. 
G5. When the army of Alc.rmulcr approached the month of the Indus iu their southward 

•Herodotus (Cary's translation, llolm's lilirary), Bk. II, Ch. 11. 
t Ibi<I., Bk. II, Ch. HJ. The maximum hei~ht. of th1• river occurs near the antnunml e'luinox. 
; Lalande, At1tronomie, Vol. III, p. G50, nn<l Vol. IV, pp. 3-5. Set) also umler Galileo. For ncoonnts of the titlt·s of 

tho Enrip1rn, Ren Lalantlo, Astronomie, Vol. I\', pp. 148-151; F. J.P. Bahi11, Phil. Trami., Hlil, Al.Jr. Yol. 1, p. 59:.! A more 
recent account is giYen in Nature, Vol. 21 (18i9), p.18G.' According to this, the currents aro <lne in part to f.Iw 
soichcs in the Gulf of Talanta. In fact, near tlte moon'H quadratures they coutrol the curreuts, causing wany re\"orsalt1 
each day. 

§Seo u1Hlor Varenius antl Pliny. 
II I. e., whirlwinds, etc. 
~ Townt1 of Greece submerged hy an enrthl[t111ke ROtL wave. 
*-Geography, Bk. Ill, Ch. III, 11 a. 
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journey (325 B. C. ), they were amazed a.t the tides, having never noticed any similar phenomenon 
in the Mediterranean Sea. Curtius (fl. c. 50 .A.. D.) narrates their experience on this occasion in 
his History of the Lite and Reign of Alexander.• 

On the third day the insinuations of the sea were perceptible in the river, blending their unequal waves by a 
gentle influx. I 

To :l second island, seated in the mi<ldle of the river, the navigators were then bornn somewhat more slowl,v, 
because the stream was counteracted by the tide. They moor their vessels, and separate in parties to forage, without 
a presentiment of the disaster which overtakes.mariners locally uninstructed. 

About tbe third hour,t the ocean, according to a regular alternation, began to flow in furiously, driving liack the 
ri\·er. The river-at first, arrested; then, impressed with 11 new force-rushed upward with more impetuosity than 
torrents descend a precipitous channel. The mass on board, nnacqnainted with the nature of the tide, saw 011ly 
prodigies and symbols of the wrath of the gods. Ever and anon, the sea swelle<l; and, on plains recently dry, descc111led 
a diffused floo<l. The vessels lifte<l from their stations, a111l the wholtl fleet. dispersed,-those who had debarke1l, in 
terror aud astonishment at the calamity, ran from nil 1Juart11rs toward the ships. But tumultuous hurry is slow. 
These, with boat hooks, are hauling up their gallies: these, while fixiug their seats, prevent the oars from being 
paired: some, hastening to sail, without waiting for the complement of mariners, impel languid hulls, unmanageable, 
crippled in the wings of navigation: other transports could not hol<l those who inconsiderately pressed into them: 
<lefi<•ient, or redundant, numbers equally obstructed the impatient. Here was clamored," \V:iit:"-here, "Row off." 
Dissonant voices, circulating inconsistent orders, prevented the mnltitmle from acting by their own observation, or 
from hearing the general command. Nor availed the pilots; whose directions were either undistinguished in the 
tumult, or disobeyed by terrified and promiscuous crews. 

Vessels dash together; and oars are by turns snatche\l away, to impel other gallies. A spectator would not 
imagine a fleet carrying the same army, but hostile navies commencing a battle. Prows strike against sterns: on 
the invading vessels, others drive aft. The for,1· of altercation carried the mariners to blows. 

Now the tide ba<l iuundatecl all the fields skirting the river, only tops of knolls extant like little islands: 
to these, from the evacuated ships, the majority swam in consternation. 

The dispersed fleet was, partly, riding in dt•ep water, where the land was depressed into delJR; an<l, partly, resting 
011 shoals, where the flood had covered elevated ground .. Suddenly breaks on the Macedonians a new alarm, more 
vivid than the former. The sea began to ebb; the deluge with a violent drain, to retreat into the frith, disclosing 
tractR just before deeply liuried. Un buoyed, the ships pitched, some upon their prows, some upon their sides. The 
fields were strewed with baggage, arms, loose planks, and fragmentR of oars. Tbe solcliers, neither daring to descernl 
to the ground, nor reconciling themselves to stay in the trans11orts, awaited what calamities conl<l follow heavier 
than the present. They scarcely believed what they suffered, and witnes11ed-shipwrecks on dry land, the sea i11 a 
river. ~or yet ended their unhappiness; for, ignorant that the speedy return of tlw ticle would set their ships nllont, 
they predicted to themselves famine and death. Terrifying monsters, too, left by the waves, were vagrant.Iy gliding 
around.~ 

Now night approached; and the desperate circumstances touched the king with concern: but no anxieties 
coulcl overwhelm his invincible courage. All night; he superintended the watches: he 11ent forward horsemen to the 
month of the riYer, to bring intelligence when the aeces8 of the tide •·ommeneed. Meanwhile, he ordered the shat­
tered ships to be refitted, the overset to be propped up; and the mariner!! to be prepared, and attentive, against the 
flnx of t11e tide. 

The night consumed in vigil:mee :incl exhortations, the hon1emen are descried, flying buck in fnll career, 
followed by the tide. By a gradual diffusion, the inundation began to raise the ships; preeently, flooding all tho 
fields, it set the fleet in motion. Along the b:mks, resounded from tho soldiers and mariners shouts of boundless joy, 
celebrating an unhoped deliverance. "\Vhence reissued suddenly so great :t seat \Vhither the day before had it 
retreated T What were the nature of the element, elsewhere refusing and here acknowledging pcrio<lical lawsf" 
with wonder they inquired. 

From what had happened, tho king conjectured tlrn appointed time of the llnx to be just after snnrise. To 
anticipate the tide, he, at midnight, desc<mded the river with a fow vessels; and, passing its mouth, advanced four 
hundrn<I stadia into the sou. A favorite object accomplished, he sacrificed to Neptune and the local deities, 1111<1 
returned to the fleet. 

66. Seleucus, a mathematician of Babylonia (36ii-283 B. C.), admitted the rotary movement of 
the earth, but thought the moon moved in the opposite direction. By this means, lie thought, 
w:wes happening between the earth's center and the moon become accumulated and i.;o form the 
tide; or tha.t the tide results from winds s"'t up by these oppo,;ing mot.ions.II According to Posido· 
nius,,T Seleucus connected the irregular tirle8 of the Persian Gulf with the moon and its various 
declinations. He observed tides from Phmnicia to the Atlantic coast of Spain. 

Pytheas, of Massilia (fl. c. 325 B. C.), having navigated the ocean from the Strait of Gibraltar 
to tlie British Isles, and possibly to Iceland,0 was one of' the first to note the connection between 

• nk. IX, Cb. IX. Translate<! by Pratt. 
t About 60 or 65 mile!! from the sea. 
t Abont 9 o'clock a. m. 
§"Probably, for the ru011t part, :up1:itic serpents." 

II See under l'lntarch. 
~See u111ler Strabo. 
·•Cf. Strauo, Geog., Bk. I\', Ch. V, § 5. 
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the tides and moon; and was, so far as known, the ffrst person to point out the connection between 
the half-monthly variation in tlie tide and the phases of the moon. He is said to be the first to 
measure the heights of the tide. Plutarch ( q. v.) in referring to Pytheas, seems to have the erro· 
neons notion that high water occurs at full moon and low water at new moon. One of Aristotle's 
remarks, however, would seem to indicate that somebody had brought him (Aristotle) accounts of 
tides which had been referred to the moon. Pytheas wrote a work on matters pertaining to the 
ocean which has not come down to us. 

Bratosthencs (276- ll. C.), according to Strabo (q. v.), believed th~ tidal currents of the Medi­
terranean due to a difference in level at 11eighbo1·iug points. 

Posidonius, the Stoic philosopher (c. 130-50 B. C.), continued the history of Polybius. Only 
fragments of his work exist. According to Strabo (q. Y.) he was the author ofa Treatise 011 the 
Ocean, and an authority on tidal knowledge. He is said to have tried to calculate the influence 
of the moon upon the tides. 

67. Strabo (c. 54 B. C.-c. 24 A. D.). 
Strabo believes that the uniformity and the considerable size of the ocean tides go to prove 

that all land is surrounded by the ocean. He says: 

Those who have returned from an uttempt to <'ircnmnavigate the earth, do not say they h11Ye been 11revented 
from continuing their voyage by any opposing continent, for the sea remained perfectly open, but through want of 
resolution, and the scarcity of provision. This theory too accords better with the ebb and flow of the ocean, for 
the phenomenon, both in the increase a11<l diminution, is every where identical, or at all events has but little 
differoncc, as if produced by the agitation of one sea, and resulting from one cause. 

'Ve must not credit Hipparchus, who combats this opinion, denying that the ocean is every where similarly 
affected; or that even if it were, it would not follow that the Atlantic flowed in 1' circle, and thus continually· 
returned into itself. Seleucus, the Babylonian, is his authority for this assertion. For a further investigation of 
the occnn nnd its tides we refer to l'osidonius and Athenodorus, who have fully discussed this snliject: we will now 
only remark that this view agrees better with the uniformity of the phenomenon; and that the greater the 11mo11nt 
of moiHture surrounding the earth, tho easier would the he1wcnly bodies be supplied with vapours from thence.• 

Strabo's ideas concerning the figure and position of the earth, the force of gravity, and the 
nature of sea level may be seen from the following quotations: 

We shall ulso assume that the earth is sphoroidul, that itll surface is likewise spheroidal, and above all, that 
bodies have a tendency towards its centre, which latter point is clear to the perception of the most average 
understanding. However we may show Hnmmarily that the earth is spheroidal, from the consideration that all 
things however distant tend to it11 centre, and that every body is 11ttrncted towards itH centre of gravity; this is 
more distinctly proved from obsarvations of the sea and sky, for here the evidence of the senses, and common 
obscrY11tion, is alone requisite. The convexity of tho sea is 11 further proof of this to those who have sailed; for they 
c11m1ot pe1·ceive lights at 11 distance when placed at the same fovcl as their eyes, but if raised on high, they at once 
hecomc perceptible to vision, though at the same time further removed. So, when the eye is raised, it sees what 
before was utterly imperceptible. 

Homer speaks of this when he says, "Lifted up on the vast wave he quickly beheld afar." 
Sailors, as they approach their destination, behold the shore continually raising itself to their view; and 

objects which had at first seemed low, begin to elevate themselves. Our gnomons, also, are, among other things, 
evidence of the revolution of the ha11venly bodies; 11ml common sense nt once shows us, that if the depth of thn earth 
were infinite, such 11 revolution could not take place. t 

However, so nice a fellow is Eratosthenes, that though he professes himself a m11thematici11n, lie rejects 
entirely tho dictum of Archimedes, who, in his work "On Bodies in Snspension," says that all liquids when left 
nt rest. assume a spherical form, having 11 center of gravity similar to that of the earth. A dictum which is 
aclrnowlcdged by all who have the slightest pretensions to mathematical sagacity. He says that the l\foditerranc11n, 
which, according to his own description, is one entire sea, has not the same level oven at points quite close to each 
other; nnd offers us the authority of engineers for this piece of folly, notwithstanding the affirmation of m11thema­
t.iciaus that <1ngincering is itself only one division of the mathematics. He tells us that Demetrius intended to cut 
through the Isthmus of Corinth, to open a passage for hie fleet, but was prevented by his engineers, who, having 
taken mcasurnmcnts, reported that the }eye} of the sea at the Gulf of Corinth was higher than at Cenohrea, so that 
if he cut through the isthmus, not only the coasts near A~gin11, but even iEgina itself, with the neighbouring islands, 
would be laid completely under water, while th(I passage would prove of little v11lm,. According to Eratosthenes, 
it is this which occasions the current in straits, especially tho current in the Strnit of Sicily, where effects similar to 
tl11' tlow and ebb of the tide nre remarked. Thu current there chnugcs twice in the course of 11 day and night, like 
as in that period the tides of the son flow and ebb twice. In the Tyrrheniun sea the current which is called 

"Strabo, Geogrnphy (Hamilton and Falconer's translation, Bohn's Library), Bk. I, Ch. I,~~ 8, 9. 
tGeog., Bk. I, Ch. I, ~ 20. 
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descendent, and which runs towards tho sea of Sicily, as if it followed an inclined plane, corresponds to the flow of 
the tido in the ocean. We may remark, that this current corresponds to the flow both in the time of its 
comml'ncement and cessation. For it commences at the rising 11nd setting ot' the moo11, and i·eccd<'S when that 
Hatellite attams its meridian, whether above [in the zenith] or helow tlrn earth [in the nadir]. In the same way 
occurs Urn opposite or a.~ceuding current, as it is called. It corresponds to the ebb of the uceg,u, and co111mc11ccs m1 
soon aa th" moon has reached either zenith or nadir, and cea&es tho moment 11ho reaches tlH' point of her rising or 
Actting. [So far Eratusthen<'s.] 

The nature of tho ebb aud flow bas beeu sufficiently treated of by Posidonins aud Athenodorns. Concerning 
the flux and reflux of the currents, which also may ho explained by physics, it will suffice our present purpose to 
observe, that in the various straits these do not reHemble each other, but erich strait bas its own pec111i1tr current. 
Were they to resemble each other, the current at the Strait of Sicily would not change merely twice during the day, 
(as Eratosthenes himself tells us it does,) an!l at Chalcis sevon times; nor again that of Constantinople, which does 
not change at all, but runs always in one direction from the Euxinc to the Propontis, and, as Hipparchus tells 118, 

sometimes ceases altogether. However, if they did all depend on one cause, it would not be that which EratostheneA 
hae assigned, namoly, that the various semi have different levels. The kind of inequality ho supposes would not 
even he found in rivers only for the cataracts; and where these cataracts occur, they occasion no ebbing, but lnwe 
one continued downward flow, which is caused by the inclination both of the flow and the surface; and therefore 
though they have no flux or reflux they do nut romai11 still, on account of a principle of flowing which is inherent 
in them; at the Rame time they cannot be on the same level, bnt one mnst be higher a!lll one lower than another. 
But who ever imagined the surface of the ocean to be on 1t slope, e11pecially those who follow a system which 
supposes the four bodice we call elementary, to be spherical. For water is not like the earth, which being of It solid 
nature is capable of permanent dopre11sions and risings, but by its force of gravity spreads equally over the earth, 
and assumes that kind. of lorn! which Archimedes hue as11igued it.• 

Here arc n few of the facts ostnbliehcd by natural 1>hilosophcrs: 
The earth and heavens are spheroidal. 
The tendency of all bodies having weight, is to a centre. 
Further, the earth being spheroidal, and having tho same centre as the heavens, is motionless, as well as the 

axis which passes through both it and the heavens. The heavens turn round lioth the earth and its axis, f'rom east 
to west. The fixed stars turn round with it, at the same rate a!l the whole. These fixed stars follow in their course 
parallel circles; the principal of which arc, the equator, the two tropics, and the arctic circles. While th!' planets, the 
sun, and the moon, describe certain oblique circles comprehended within the zodiac, t 

Elsewhere Strabo states that if we go west sufficiently far we shall reach India, unless some 
continent intervenl'Rj aud he suggests that there may be one or more such bodies of land on the 
parallel of Spain.+ He ascribes the great heat folt in the torrid zone to the perpendicularity of 
the sun's rays, and not to the sun's proximity. He says that all parts of the. earth are equally 
remote from the sun, since, in comparison with this body, the earth is but a point.§ 

The following quotations show that Strabo clearly discriminatetli. between "tidal waves" and 
ordinary or true tides. He considers "tidal waves" to be due to disturbances in the bottom of 
the sea. 

But the risings of rivers are not violent and sudden, nor do the tides continue any length of time, nor occur 
irregularly; nor yet along the coasts of our se11 do they cause inundations, nor any where else. Com1eqnently we must 
seek for an explanation of tho cause II eitber in the Htratum composing tho bed of the sea, or in that which is ovl'r· 
flowed; we prefer to look for it in the former, since by reason of its humidity it is more liable to shiftings and 
sudden changes of position, and we shall find that in these matters the wirnl is the great agent after all. But, I 
repeat it, the immediate cause of these phenomena, is not in the fact of one part of the bed of the ocean being higher 
or lower than another, but in the upheaving or depression of the strata on which the waters rest.~ 

It is likewise evidently n fiction, that there ever occurred an overwhelming flood-tide, for the ocean, in the 
influences of this kind which it experiences, receives a certain settled and periodical increase and decrease."" 

He does not, however, state what he regards as the physical cause of the tides, although he 
bas already hinted at vapors surrounding the heavenly bodies. He merely, after Athenodorus 
likens the plieuomeuon to the breathing of a living creature, as do the poets of to·day.tt 

For after the manner of li\'ing creatures, which go on inhaling and exhaling their breath <'Ontinually, 1:10 t.ho 
sea in a like way keeps up a cow1t.ant motion in and out of itself. 

*Geog., Bk. I, Ch. III, ~§ 11, 12. 
tGeog., Bk. II, Ch. V, § 2. 
tGcoir., Bk. I, Ch. IV, ~6. 
9Geog., Ilk. XV, Ch. I, 924. 

II Of inundationR. 
'{[Geog., Bk. 1, Ch. III, ~5. 
0 Geog., Bk. VII, Cb. II, § l. 
tt Geog, Bk. I, Ch. III, 9 8; Bk. III, Ch.\', p. 
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He rleseribes the tides around Spain and Portugal,"' the Persian Gulf,t England,t Italy,§ 
and De11111arl<.1I 

The following account of the tides at Cadiz describes the phase inequality and properly 
connects it with the age of the moon, but tho description of a supposed annual increase (in range) 
has been doubtless based upon insufficient observations: 

Now he 1) assorts that the motion of the sea correspornls with the revolution of the heavenly bodies, and 
experiences a diurnal, monthly, and annual change, in strict accordance with tho changes of the moon. For [ho 
co11tinues] when the moon is elevated one sign of the zodiac abo\'e tho horizon, tho sen begins sensibly to swell and 
cover the shores, until she has attained her meridian; hut when thnt satellite begins to decline, the sea a~nin retires 
hy degrees, until the moon wants merely one sign of tile zodiac from setting; it then remains stationary until t.lle 
moon has set, an1l alHo descended 011e sign of the zodiac h!llow the horizon, when it again rises until she has attained 
her meridian below tho earth; it then retires again until the moon is within one 1:1ign of the zodiac of her rising above 
tho horizon, when it remains stationary until the moon bas risen one sign of tho zodiac above the earth, nml then 
begins to rise as before. Such he describes to be the diurnal revolution.•• In re!lpect to the monthly revolution, [be 
says] that the spring-ti1les occur at the time of the new moon, when they decrease until tho first quarter; they then 
increase until full moon, when they again decrease until the last quarter, after which they increase till the new 
moon; [he adds] that these increases ought to be understood both of their duration nnd speed. In regard to the 
annual revolution, he says that he learned from the statements of the Gnditanians, that both the ebb and flow tides 
were at their extremes at the summer solstice: and that hence he conjectured that they decreased until the [autumnal] 
equinox; then increased till the winter solstice; then decreased again until the vernal equinox; and [finally] increased 
until the summer solstice. tt 

The following quotation refers to a condition of flood-tide resembling a bore: 

For in the navigation of thC\ rivers, tt the sailors run considerable dangei· both in ascending and descending, 
owing to the violence with which the :flood-tide encounters the current of the stream as it flows down. Tho ebh­
tides are likewise the cause of much damage in these estuaries, for resulting ns they do from thC\ same cause nH the 
flood-tides, they are frequently so rapid as to leave the vessel on dry land; and he1;:Is in passing over to the islands 
that are in these estuaries are sometimes drowned [in the passage] and sometimes surprised in the islands, and 
endeavouring to cross back again to the continent, are unable, and perish in the attempt. H 

Strabo is the first writer who gives, although incredulously and upon the authority of others, 
some account of the tropic tides and the diurnal inequality :1111 

Posidonius tells us that Seleucus, a native of the country next the Erythrman Sea, states that the regularity and 
irregularity of tho ebb and How of the sea follow the different positions of the moon in the zodiac; that when she is 
in the equinoctial signs tho tides are regular, but that when she is in the signs next the tropics, the tides are irreg­
ular both in their height and force; and that for the remaining signs the irregularity is greater or less, according as 
they are more or less removed from the signs before mentioned. Posidonius adds, that during the summer solstice 
and whilst the moon was fnll;he himself passed many days in the temple of Hercules at Gades, but could not observe 
any thing of theso annual irregularities.1)1) 

In reforenct. to the annual inequality in water level, it may be of interest to here quote from 
Strabo some passages concerning the periodic stages of the Nile and the rivers of India: 

Of this kind are tlw rising of the Nile, and the alluvial deposition at its mouth. There is nothing in the whole 
country to which travellerH in Egypt so immediately direct their inquiries, as the character of the Nile; nor 1!0 the 
inhabitants possess any thing else equally womlerfnl and curious, of which to inform foreigners; for in fact, to give 
them a description of the river, is to lay open to their view e\·er~' main characteristic of the country, It is the 
question put before eve1·y other by those who have never seen Egypt themselves.*'* 

*Geog., Bk. III, Ch. II,~~ 4, :., 7; Ch. III,§ 1; Ch. Y, H 7, 8. 
!Geog., Bk. 111, Ch. Y, § !l; Bk. XVI, Ch. III,§ 6. 
t Geog., Bk. IV, Ch. V, \I 3. 
~Geog., Bk. V, Ch. I, \I\\ 5, 7; llk. VI, Ch. II, §1\ 3, 11. 
II Geog., Bk. VII, Ch. II, 11 1. 
1) l'osidonius. 
** HWl=l" '15 111 , LWl=7" 58 111 , Mn=8·7 feet, at Cadiz. 
ti Geog., Bk. 111, Ch. V. ~ 8. 
H Rivers between tho Strait of Uiuraltar and Cnpe St. Vincent. 
~~Geog., Bk., III, Ch. II,§ 4. 
\Ill For tile PerHinn Gulf at Bnshire, lat. 29° 00', long. 50° 52', l\l0 =0ft·90, S, =00·31, K, =Ofl·86, 0 1 =00·60, M,c-.= 

210°·5, s,0 = 262°, K, o = 285°, 0 1° = 2530, according to Report of Indian Survey, 1893-4, p. XLII; . · . Mn= ::Jf1·10, Ge= 
3fl·80, IIWQ=2fl·83, LWQ =0n·72. 

1!1! Geog., Bk. III, Ch. V, § 9. 
0 * Geog., llk. I, Ch. II, 11 29. 
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Nearchns su.,vR, that the old question respecting tho rise of the Nile i~ answered by the case of the Indian rivers, 
namely, that it jg the cfft>ct of summer rains.• 

For the Euphrates, at the commencement of summer, overflows. It heginR to fill in the Rpriug, wheu the suow 
in Armeni:L melts. l 

The ancients understood more by conjecture than otherwhm, but persons in later times learnt by experience 
as eye-witnesses, that the Nile owe>1 its rise to summer rui11s, which fall in great abundance in Upper Ethiopia, 
particularly in the most distant mountains. On the rnius cea!li~g, the fulness of the river gradually subsides.i 

Elephantina is an island in the Nile, at the distance of half a stadium In front of Syeue; in this island is a dty 
with a temple of CnnphiA, and a nilometer like that at Memphis. The nilometer is a well upon the banks of the Nile, 
oonstructecl of close-fitting stones, on which are marked the greatest, least, and mean risrngs of th<i Nile; for tho 
water in the well and in the river rises and subsides simultaneously. Upon the wall of the well are lines, which 
indicate the complete rise of tile river, ancl other degrees of its rising. Thoso who examine these marki,; communicate 
the result to the public for their information. For it is known long ueforc, by these marks, an<1 by the ti1ue elapsed 
from the commencement, what the futuro rise of the river will be, and notice Is given of it. This information is of 
service to the husbandmen with reference to the distribution of the water; for the purpoAe also of attending to the 
embaukments, canals, and other things of this kind. It is of use also to the governors, who fix the revenuo; for the 
grouter the rise of the river, the great(lr it it1 expected will be the rnvenne.~ 

This pasRage is of interest in reference to tide gauges and tidal prediction. 
68. Plutarch (fl.. 50-100 A. D.) gives the theories of several philo8ophers concerning the cause 

of tbe tides, but bis.remarks on Pytheas show his unfamiliarity with the phenomenon. He says: 
Aristotle and Heraclides say, they proceed from the sun, which moves and whirls about the winds; and these 

falling with 1~ violence upon the Atlantic, it is pressed und swells by them, by which means the sea flows; ancl their 
unpression ceasing, the sea retmcts, hence they ebb. Pytheat1 the Massilian, that the fulncss of the moon gives the 
the flow, the wane the oub. Plato attributes it all to a certain oscillation of the sea, which hy moans of a mouth or 
orifice causes the alternate ebb and ffow; and by this means the seas do rise and flow contrarily. 'fimmus believes 
that those rivers which foll from the mountains of the Celtic Gaul into the Atl1mtic produce a tide. For upon their 
entering upon that sea, they violently press upon it, and so cause the tlow; but they disembogning themselves. there 
is a cessation of the impetuousness, hy which means the ebb is produced.II Seleucus the mathematician attributes 
a motion to the earth; an1l thus be pronouncoth that the moon in its circumlation meets and repels the earth in its 
motion; between these two; the earth and the moon, there is a vehement wind raised and intercepted, which rushc11 
upon the Atlantic Ocean, and gives us a probable argument that it is the cause the sea is troubled and moved.~ 

While Plutarch states that most philosophers have regarded the earth as an animal, be says 
nothing about ascribing tbe tides to its respiration or to its alternate drinking in and spouting 
out a certain portion of the water. Such notions were entertained by tlrn Stoics Solinus, Apollonius 
of Tyana, and others. (See under Pomponius Mela ancl under Kepler,§§ 70, 77.) 

It cannot be said that the Greeks, as a rule, had occasion to become familiar with tidal 
phenomena on any impressive scale. But the Romans, toward and after the time of Oresar, had 
frequently to contend with those enormous tides which visit the coasts of Portugal, France, and 
Great Britain. 

69. Pliny the Elder (23-79 .A. D.). 
Pliny describes, in the following extract taken from his Natural History,0 the principal 

phenomena of the tides. It will be seen that be is aware of a nearly constant lunitidal interval 
for a given place; of the pllase inequality; of tlle retard, or age, of this inequality; of tlle fact 
that higher tides occur near the equinoxes than near the solstices; and of the fact that the tides 
on the outer coast rise higher than .those along the shores of the Mediterranean. 

Much has been sni<l about the nature of waters; but the most wonderful drcumstauco is the alternate flowing 
aml ebbing of the title~, which exists, indeed, under various forms, bnt is ca.ut1e1l by tho sun au<l the moon. 'fha 
ticle flows twice and ehbs twice between each two risings of the moon, always in the space of twenty-four hours. 

*Geog., Hk. XV, Ch. l, ~ 25. 
t Geog., Bk. XVI, Ch. I,§ 9. 
t Geog., Bk. XVII, Ch. I, § 5. In the Philosophical Transactions for 1666 ii! a review of a French book by de la 

Chamhre, in which he claims that the overflow of the Nile is not dne to the rain, but to the niter contained in its 
rnncldy banks. This being heated hy the sun ferments and mingling with the waters RWells the river, causing it to 
overflow its banks. In the same volume there is given a review of Isaac Vossius' "De .Nili et Aliorum Flnmiuum 
Origine." 

~Geog., Bk. XVII, Ch. I, § 48. Cf. Lockyer, The Dawn of Astronomy, Ch. XXIII; "The Egyptian Year and 
the Nile." 

II This idea was revived in tho seventeenth century by Scipio Clararnontius ancl refutetl by mccioli. 
~"Of Those Sentiments Concorniug Nature with which Philosophers were Delighted" (Morales, Goodwin's 

tranislation, Yol. III) Bk. III, Ch. XVII. 
""Historia Naturalis (Bostock null Hiley's translation), Book II, chapters 99 (97)-102 (99). A. D. 77. 
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First, the moon rising with the stars swells out the tide, and after some time, having gained the summit of the 
heavens, she declines from the meridian and sets, and tho tide subsides. Again, after she has set, and moves in 
the hca\'ens under the oarth, as she approaches the meridian on the opposit<' side, the tide flows in; after which it 
recedes until she again rises tons. But the tide of the next tiny is ne\'er at the samo time with that of the preceding; 
as if the planet was in attendance, greedily drinking up the sou., and continually rising in a different place from 
what she clid the day before. The intervals are, however, <1qual, heing always of six hours; not indeed iu respect 
of any particular day or night or place, but equinoctial hours,• and therefore they aro unequal as estimated by the 
length of couimon hours, since a greater number of them fall o0n some certain days or nights, and they are nover 
.. qual twerywhere except at the equinox. This is a great, most clear, and e\'en divine proof of the dullness of those, 
who deny that the stars go below the earth and rise up agniu, and that nature presents the same face in tho same 
states of their rising and setting; for the course of the stars is equally obvious in the one case as in the other, 
producii:g the same effect as when it is manifest to the sight. 

There is a difference in the tides, depending on the moon, of a complicatetl nature, and, first, as to the 
period of seven days. For the tides are of moderate height from the new moon to the first quarter; from this 
time they increase, and nre tho highest nt the full: they then decrease. On the seventh day they are equal to 
wl1nt they were at the first quarter, and they again increase from the time that she is at first quarter 011 the 
other Hide. At her conjunction with the sun they are equally high as at the full. When the moon is in the 
northern hemisphere, and recedes further from the earth, the tides are lower than when, going toward the 
south, she cxercise8 her influence ut a less distance. After un interval of eight yeani, and the hundredth 
re\·olution of the moon, the periods and the heights of the tides return into tho sn.me order as at first, this 
plauet always acting upon them; and all these effects are likewise increased by tho annual changes of the sun, 
tho tides rising up higher nt the oquinoxeH, and more so at the autumnal than at the vernal; while they are 
lower about the win tor solstice, and Rtill more so at the summer Holstice; not indeed precisely at the points of 
ti mo which I have mentioned, lmt a few days after; for example, not exactly at the full nor .at the new moon, 
but after them; and not immediately when the moon becomes visible or invisible, or has advan<"ed to the middle 
of her course, but generally about two hours latnr than the eq uiuoctial hours; the effect of what is going on 
in the heavens being felt after a short iuterval; as we observe with ros11ect to lightniug, thunder, nnd 
thunderbolts. 

But the tides of the ocean cover greater spaces and produce greater inundations than the tides of the 
other seas; whether it be that the whole of the universe taken together is more full of life.than its individual 
parts, or that the large open space fotJls more sensibly the power of the iilanot, as it moves freely about, thau 
wheu restrained within narrow bounds. On which account ueithcr lakeR nor rh•ers are moved iu the same 
manner. Pythons of Massilia informs us, that in Britain the tide rises 80 cubits. Inland seas u.re inclosed us 
in a harbor, but, in some parts of them, there is a mom free space which obeys the influence. Among mauy 
other examples, the force of the tide will carry us in three days from Italy to Ctica, when the sea is tranquil 
and there is no impulse from the sails. But these motions are more felt about tho shores thau in the deep 
parts of the seas, as in the body the extremities of the nlius feel the imlse, which is the vital spirit, more 
than the other parts. And in most estuaries, on account oft.he unequal rising of the stars in ench tract, the 
tides differ from each other, but this respects the period, not the nature of them; as is tho case in tho Syrtes. 

There are, however, some tides which are of a peculiar nature, ns in the Tauromenian Euripus, whore the ebb 
anti 11ow is more frequent than in other plu.cos, antl in Eubooa, where it takes place se\'en times during the day and 
the night. The tides intermit three times during en.ch month, being the 7th, 8th, and !)th day of the moon. At 
Gades, which is very near the temple of 1-Ieroules, there is a spring inclosed IiktJ a well, which sometimes rises 
and falls with the ocean, aml, nt other times, in both respects contrary to it. In the same place there it1 another well, 
which always agrees with the oc"u.n. On the shores of the Bwtis, there is a "town whert• tho wells become lower 
when the tide riSllH, and fill again when it ebbs; while at other times they remain stationary. The same thing 
occurs in one well in the town of Hispalis, while there is nothing peculiar in the other wells. The Euxine always 
flows into the Propontis, the water noYer flowing back into the Euxine. 

All seas are purified at the full moon; some also at stated periods. At :\Icssina and Mylne a refuse matter, like 
dung, is cast up on the shore, whence originated the story of the oxen of the sun ha\'ing had their stable nt thnt place. 
To what has been said ubovo (not to omit anything with which I am acquainted) Aristotle adds, th1't no animal 
dies except wht!ll. the tide is ebbing. Tho ohsorvation has be(ln often made on the ocean of Gaul; but it has only 
been found true with respect to man. 

Hence we may certainly conjoctnre, that the moon is not unjustly regarded ns the star of our lifo. This It is 
tlrnt replenishes the earth; when she approaches it, she fills o.11 bodies, while, when she recedes, she empties them. t 
From this cause it is that shell-fish grow with her increase, and thnt those animals which nro without blood more 
particularly experience her influeuce; also, that the blood of mun is increased or diminished in proportion to the 
quantity of her light; also, that tho loaves and vegetables generally, as I shall describe in the proper place, feel her 
influence, her power penetrating nil things. 

70. Information about tides common to the .Romans. 
That the rising and falling of the tide was common knowledge among the Homans may be 

readily seen by cornmlting Latin-English lexicons under such words as "mstus" and "tumesco." 

•I. o., mean solur hours. 
t 'rhe Hympu.thy of the moon fot• moist bodius, etc., was a prevalent notion u.t the time of Varenius. 
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Virgil• (70-19 B. 0.) and Horace+ (65-8 B. 0.) make some mention of the phenomenon; but 
Cicero:j: (lOG-4;) B. 0.), Lucan§ (39- - A. D.), and Claudianus II (ft. c. 400 A. D.) state or suggest 
that the times of the tide are gover11ed by the moon's motion. Crosar~T (100-44 B. C.) and l\:Iacro­
bius 0 (tl. 400 A. D.) state how the spring tides are connected with the full moon. Seneca tt (3-65 
A. D.) even states that the equinoctial tides when the moon and sun are in conjunction generally 
exceed in size all others. 'l'his is much more nearly true than Pliny's statement that tides rise 
higher at the equinoxes, for it is the spring (ides which partake of this semiannual incr·ease.tt 

Pompouius Mela (IL c., 50 A. D.) says that it is not known whether the tides are produced by 
the earth's breathiug, by deep cavems, or by the moou.§§ 

71. Early tide table for .London Bridge.-In the Philosophical 'l'ransactions for 1837, p. 103, 
Lubbock says: 

I :im much indebted to Mr. Yates for 11otice of :i very ancient title table which exists in a MS. in the British 
~Iuseum. It is in tho Codex Cottonianns, .Julius DVII., which appears to havo been written in the 1:lth century, 
aud to ha"c belouge<l to St. Albans Abbey. It containH cal11n<lar anti other astronomical or geographical matters, 
some of which are the productions of .John Wallingfonl, who dic<l Abbot of St. Albans A. D. 1213. At p. 43b. is a 
tablo 011 one leaf, showing th11 time of high water at Lon<lon llridgo, "flod at lon<lon briggc," thus: 

. I 
j -·Hlas 1 Lu11a-. 

1 

/z. m. 
I 3 . 48 
2 I 4 I 36 I 

3 I 5 I 24 II 
4 I 6 ; 12 

::::Y:::::i::::::I 
28 I l I 24 
29 2 12 

30 ! 3 0 

N. ll. The nnmbors increase by a constant diffcrenc11 of fort~·-cight minutes. The first colnmn gives tho moon's 
ago in days. 

•Qua vi maria al ta tumcscant, 
Ohjicilms rnptis, rursusque in se ipsa residant.-Georg., II, 479-·180. 

t Qu:o mare compescant causw. . -Epiet., I, XII, 16. 
i Qui<l tie fretie, ant <le m:trinis mstibus plura <licam ~ quorum accessus ot reccssu8 hmm motu gubornantur.­

IJc Divinatione II, 34. 
1\ An sidere mota socundo 

Tethyos 11 rnla \'agai I unari bus wstnet horis: 
Flammiger au Titan. . -Pharsalia, I, 413-415. 

II Cm·tis ubi legibus advena Nf'rnus 
.1Estuat, et prouas pupes nnnc a111n11 sccundo, 
Nnnc redcunte, vehit; nudataquo littorn llnctu 
Desorit, Oceani lunaribus mmnla damnis.-De VI. Cous. Honorii, 49H-49!J_ 

~ Eadom nocte accidit, ut essct luua pleua; qui dies maritimoH ;i,stus maxi mos in Oc11ano <'lliccro conRuedt.­
D. G., IV, XXIX. 

••Oceanus quoque in incrcmonto sno hnnc numernm tenet; nam primo nascentis lnnm !lie 1it copiosor Ko!ito; 
minitnr paulispcr sccundo; UJinoreuup1e \'idet eum tertins, quam Hecundns: et ita decrescendo ad diem s11ptimnm 
porvcnit. Rursns octavus dies manet septimo par; et nouns tit eimilh1 8exto . . tortio quoq1111 clnodecimus; et 
tcrtius decimus tit similis secundo, quartu8 <lecimus primo. Tertia vero hcbdomas cadem facit •1111u prima; cp1arta. 
cadem, c1um secuudo.-Somnium Scipionls, I, 6. • 

tt Ut solet mstus '"quinoxialit1, sub ipimm hmru soli8q1rn coitum, omnibus aliis major undare.-Naturales Qu:Ps­
tioues, III, 28. 

~I Seo "Table of phase effects," 11 35; also undnr Bacon, Varenius, Wallis, and Childroy. Lalande, Astronomie, 
VoL IV, pp. 83-113, examines the question of equinoctial spring ti< lee, but numy of bis conclueioue are erroneous. It 
would be interesting to know whether or 11ot early notions concerning equinoctial tides were not, obtained from real 
or supposed equinoctial storms or floods rather than from the tides prop11r. llut Strabo states that unusually lnrge 
tides occur at the solstit~es. 

§§ Ne<1ue adhuc satie cogitum est, anhelitune suo id m1111dus etliciat, retractamqtw cum spiritn regerat undam 
uu<lique, si, (ut doctioribns placet) uuurn animal est: an sint clopressi ali<p1i specmi, quo rcciprocata maria re8id:111t, 
atquc und<i se rnrsua exuberantia. attollunt: an Inna caneas tautili uwatibus prmbeat.-De Situ Orbis, III, L. 

Most of tho abo,·e Latin writers are quote<l by La.lan<le, A11tronoUJie, Vol. IV. Hee also IUccioli, Almagestum 
Xovum, and Boscovich, "Diesertatio de maria wstu" (Home, 1747). For some account of tho tides in tho Me<liter­
ranenn, seo Lalande, Astronomic, Vol. IV, pp. 119 ct seq; also Alessandro Ciahli, "Cenni 1ml Mo to Oudm;o <lei Mare 
e sullo Corrcnti di Eseo" (Rome, 1856), pp. 80 ut i;eq. 
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Hence it woul<l appear that high water at London on fnll aud change was at that epoch 311 48"', or more than an hour 
later than at present. The time of 11igh water at London on full and change ill given in Mr. Riddle's .Navigation and 
in other works 2" 45"': Flamsteed made it 811 • 

At 01i retas lun<I.' this table gives 31i as it also does at 3oi1 ( = ~4 4~ ~O =the assumed length of a 

synodical month in days). The present value at o.i is about 211 • It is to be noticed, howernr, 
that no regard is paid to the phase inequality in tbese tabular values, and tbat the age of the 
momi roughly determines the time of transit; and to this a constant luuitidal interrnl of ;31i 
lias been applied. It appears from ,Flamsteed's remarks* that up to his time the rule iuvolved 
in this old table was generally followed altlwugh some bad calculated the time of transit more 
carefully. 

,Julius Omsar Scaliger ( 1484-1558). Exercita.tio I1II, t entitled "De ma.ris motn," is a general 
exposition of the tides, the views therein suggested, taken in connection with the time at which it 
was written, give to it considerable historic value. 

Without professing to know the cause of the tides, Scaliger remarks that because the flow 
and ebb recur at.<I°efinite and stated times, the moving cause must be definite in character. 

Bis approach to the gravitational theory of tides appears in the following quotation: 

For since [the tide] is observed to follow the course of the moon, they have jUtlged it created by the moon. 
[You say] but the moon does not touch the waters. This has been a difficulty with some of the Peripatetics: 
likewise tho magnet onght to ~ive them <lifllcnlty. llocause there is motion in the iron, although not in contact 
with the stone, wherefore ma:v not the soa follow the body of the noblest orb~ llut it Reems manifest. Surely there 
is a stillness of the sea at the times of the quadrntureM which is called 11 calm by the people. At the times of fnll 
moon the seas are rougher: so that the~· Heern to restrain themselves with the desire of the moon. . . . 

The tide then, in the usual sense of the word, is a duplex motion, and truly duplex: for in itself is a return. 
One part is in conformity with tho motion of the prin1111n mobile, the other is recurrent nud contrary thereto: hut 
both occur on definite times. For there are two motions just as int.he contraction and expansion of the heart. 

He speaks of the tides in the Arctic Ocean, around Great Britain, in the South Sea, the 
Adriatic Sea, the Red Sea, the Indus River, the Garonne H.iver, the Euripus, and elsewhere; and 
tries to assign causes for their peculiarities. 

He inters a declinational inequality in the tides because the moon chang·es her declination 
and so rises not always in the same place. He believes the long stretch of the Western Continent 
to explain the alternation of flow and ebb. 

As with most of the early writers he 1inds difficulty in aecounting for the ebb: 

'Yherefore does th<l sea ebb~ ::-lot only becaut1e of n. dislike for tho shoros and a casting back, hut also because 
1t follows its loves, viz., tlrn moon. It cliffer8 from the movement of the ocean. 

Bxtra.cts from Hakluyt's Collection of the Early Voyages, Tra.vel.s, and Disco1,eries of the Bn11lish 
Natio11. t 

72. A whirlpool on the Coast of Norway, called Malestrande. 

Giraldus Co.mbrcnsit1 (who Horishml in the ~·eere 1210, vnder king lohn) in his booke of the miracles of Irelautl, 
hath certaine words altogC1ther alilrn with these, videlicet: 

Not farre from these Islands (namely the 1£ebride8, Islarnl &.c.) towards the North there it! a certaine woonderful 
whirlpoole of the se1~, wherein to all the wanes of tlrn sea from farre haue their course 1t1Hl rocourse, as it were 
without stoppe: which, thure conneying themselves into the secret receptacles of nature, are swn.llowed vp, as it 
were, into a bottomlesse pit, n.nd if it chance that any Hhippe tloe passe this way, it is pullotl, n.nd dmwen wit.h such 
a dolence of tho WO.\"eH, thnt eftsoones without reme<l.v, the force of the whirlepoole deuoureth the so.me. 

The Philosophers descrlbe fonre intlraughts of this Ocean !lea, in the foure oppotlite qun.rters of the world, from 
whence mauy doe conieeture that as well the ti owing of the sea, as the blasts of the winde, hane their first originall.~ 

Instructions and notes very necessary and needfull to be obserned in the purposed voyage 
for disconery of Cathay Bastwards, by Arthur Pet, and Charles Jackman: given hy M. William 
Burrough. 1580. 

•Phil. Trans., 1682-3 [p. 12]; Abr. Vol. II, p. 555. 
t Exoterico.rnm ExPrcitationem ad Cardo.mun (Frankfort 1592; first pnhlished in 1557). 
t London, 180!J-12. A new e<lition; the original, London, 15!J!J. 
~Vol. I. pp. 13.1-1:1;;. 
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An<l when you come vpon any co11Bt where you find floods an<l obs, doe yon diligently note the time of tho 
highest and JowetJt water in euery place, and the slake or still water of full sea, and lowo water, ancl also which 
way the flood doeth runne, how the tides doe set, how much water it hieth, and what force tho tide hath to drine :t 

!!hip iu one houre, or in tho whole tide, as neere as you can iudge it, and what difference in time you finde botwono 
tho running of the flood, and tho ebb. And if you findo upon any coast tho currant to rnnne alwayos one way, doc 
~·on also note tho same duoly, how it sotteth in enory place, and obserue what force it hai;h to driue a ship in one 
houro &.c. • 

'fhis shows that the writer was aware of the fact that the duration of flood and ebb currents 
are not generally equal. 

73. The voyage and trauell of M. Cresar Fredericke, Marchant of Venice, into the East India, 
and beyond the Indies . . translated out of Italian by l\1. Thomas Ilickocke. [1563. j ~ 

From Martauan I departed to goo to the chiefest Ci tie in tho kingdome of Pegu, which i!l also called after tho name 
of the kingdomo, which voyage is made by sea in throe or foure <laies; they may goo also by lando, but it is bettor for 
him that hath marchandizo to goe by sea and lesser charge. And in thi!l voyage you shall lmuo a Macareo, which is 
oue of the most marueilous things in the world that Nature hath wrought, and I nener saw any thing so har<l to he 
belPetied as this, to wit, the great increasing & diminishing of the water there at one push or instant, and tl1e horri­
ble earthquake and great' noyse that the said .Macareo maketh where it commoth. We departed from l\lartauan in 
barke~, which are like to our Py lot boates, with the increase of the water, and they goo as swift a8 an arrow out of 
a. bow, so long as the tide runnoth with them, and when tho water is at tho highest, then they drawo themseluos out 
of the Chanell towardes some banke, and there they come to anker, and when the water is diminishecl, then they rest 
on dry land: and when tho bnrkos rest dry, they are as high from tho bottomo of the Chanell, as any house top iH high 
from the ground. They Jet their barkos lie so high for this respect, that if there should any shippe rest or ride in 
tho Chanell, with such force commeth in tho water, that it would onerthrowo shippe or harke: yet for all tliis, that 
tho barkes be so farre out of the Chanell, uud though the water hath lost her greatest strength and furie before it 
come HO high, yet they make fast their prowe to the streme, and oftentimes it makcth them very fearofull, and if the 
auker di<l not holt!e her J>row vp by strength, shoe would be ouerthrowen and lost with men and goods. 'Vhen tho 
water beginneth to increase, it maketh such a noyse and so great that you would thinke it an earthquake, and pres­
ently at the first it maketh three wanes. So that the first washeth oner the barko, from stemme to sternu, the Roc­
ond is not so furious as the first, ancl tho thircle rayseth tho Anker, and then for tho space of sixe houros while the 
water encreaseth, they rowe with such swiftnesse that you woul<l thinko they <lid fly: in these tydes there must ho 
lost no iot of time, for if you arriue not at the stagions before tho tyde be spent, you must turne backo from wlrnnce 
~·ou came. For there is no staying at any place, but at those stagions, and there is more danger at one of these 
placoH then at another, as they be higher an<l lower one then another. 'Vhen us you returno from Pegn to Martauun, 
they goo but halfe the tide at a time, because they will lay their barkes vp aloft on the bankes, for the reason afore­
say1l. [ could nener gather any reason of the noyse that this water makoth in tho increase of tho tide, and in 
<ieminishing of the water. There is another Macareo in Cambaya, but that is nothing in compari!lon of this. t 

74. Another testimonie of the voyage of Sebastian Cabot to the West and Northwest, taken 
out of the sixt Chapter of the third Decade of Peter Martyr of Angleria. 

As bee traueiled by the coastes of this great land,; (which he named BaccalaoR) he saith that bee found the 
liko cours1i of tho waters toward the We11t, but tho same to ruuno more softly and gently then the Hwift waters 
which the Spaniar<ls found in their Nauigntions Southwards. Wherefore it is not onely more like it to be true, 
but ought alRo of nocossitie to be concluded that betweene both tho lands hitherto vnknowen, there should be 
certnine great open places whore by the waters should thus continually passo from the East v11to thn Wnst: which 
waters I suppose to be driuen about the globe of the earth by the uncessant mouing and impulsions of the heauens, 
and not to bee swaliowed vp and ca.st vp againe by the breathing of Domogorgon, as some hano fma.ginod, becaus11 
they sec the seas by i11creal!e and decrease to ob be an<l llowe.§ 

To prove by anthoritie a. passage to be on the Northside of America, to goe to Cathaia, and 
the East India. 

Also it appearcth to be an Island, insomuch ns the Sea runneth by nature circularly from the E118t to the West, 
following the diurnal motion of l'rimum Mobile, which carieth with it all inforiour hodies moueable, nswel 
eelestiall as elemental: which motion of the waters is most euidently seeno in the Sea, which lieth on the Southside 
of Afriko.11 . 
-- -------- - -------------------------------------------------

*Vol. I, p. 492. 
I Vol. II, l>· 362. 
~Possibly as far south a.s North Carolina, _but probnbly not far south of Dela.ware. See U.S. C. & G. Survey 

Heport, 1890, pp. 475-476. The name probably ha.s reference to the fishing grounds off Newfoumlland. 
§Hakluyt, Vol. III, p. 30. 
II I-lnkluyt, Vol. III, p. 36. "The sea hath throe motions. 1. .Motum ab oriente in occidentem. 2. lllotum fiuxus 

& reflnxus. 3 Motum circularem. Ad cmli motum elementa omnia (oxcopta terra) rnouentur." This last sontenco 
exproHSOH tho opinion hel<l by Columbus and tho other early navigators. 
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Futhermorc, the current in the great Ocean, •·ould not haue bcone maintaine<l to rnnnc continually one way, 
from the beginning of the world unto this day, bad there not becn11 some thorow passage by the fret aforc>1ayd, • 
and so by circular motion bee brought ngaine to maintaync it solfc: For the Tides and courses of the Hca are 
mnintayned by their interchangeable motions: as fresh riuors are by springs, by ebbing and flowing, by rurnfocntion 
and condensation. t 

So that it resteth not possible (so farrc as my simple reason cnn comprehend) that thi>1 imrpctunll current can 
by any means be maintained, but onely by continuall reacccss(I of the same water, which passeth thorow the fret, 
nnd is brought about thither agame, by such circul'nr motion as aforesayd. t 

. . . And first it mity be called in controucrsic, whether any current continually be forced by the motion of 
l'rimum mobile, ronnd about the world, or no: For learned men doe dinersly handle that question. Tho naturall 
course of all water is downoward, wherefore of congruence they fall that way where they finde tho earth moste lowe 
and docpo: in respect whereof, it was erst sayd, the sens doc i;trike from the Northcm landes Southerly.§ Violently 
tho seas are tossed and troubled diners waycl! with the windes, cncrcased and diminished by the course of tl1c Moone, 
!wised vp & downc through the sundry operations of the Sunnc and the starres: finally, some be of opinion, that 
the sens be carried in part violently about the wol'!<I, after tho da~·ly motion of the highest moneablc heauen, iu like 
manner as the clements of ayre aml fire, with tho rost of the hcauenly spheres, urn from the East uuto the \\·pst. 
Auel thiH they doc call thoir Easternc current, or lcuant streume.11 

75. The sixt book of the first Decade, to I~odouike Cardinal of Aragonie. Written by Peter 
Martyr of Augleria Milenoes, Counsayler to the Kyng of Spaine. The third voyage of Colonns 
the Admirall [1498]. 

No great space from this Ilandc, [Puta] euer towardc the West, tho Admiral LColonus] saith he found so 
ontragious a fal of water, running with such o. violence from the E11Bt to the 'Vest, that it wna nothiug inferiour to a 
mightic strcame falling from high mountaynes. Hee also confessed, that since tho first day that enor hoc kncwe 
what the sea meant, hee was nener in such fcare. Proceeding yet somewhat further in this daungerous voyage, he 
foundo ccrtaine goulfes of eight mylcs, as it had bin the entraunce of some great bnuon, into the which the sayde 
violent streames did fall. These gonlfes or strcyghtes hoe called Os Draconis, that is, the Drngoncs mouth: and the 
Iland directly ouer against the same, hoc called Margarita. Ont of these strayghtcs, issued no Jesse force of freshc 
water, whiche encountering with the salt, dyd striue to passe foorth, so that bcetwonc both the waters, was uo 
small conflict: But entering into the goulfe, at the length hee foundc the water thereof very fresh and good to drink1·. ~ 

76. Francis Bacon (1561-1626). 
The chief merit of Bacon's essay entitled "De ftuxn et refiuxu maris," apart from its sugges­

tions of inquiry into the tides of various countries, is the insistence upon the progressive character 
of the tide causing it to move from place to place; that is, the waters do not boil up, as it were, 
a11d produce everywhere simultaneous tides. He thinks, however, that the semimenstrual and 
semiannual inequalities may occur everywhere simultimeonsly, or at least upon the same day. 
He says: 

That this .. should be <lone so quickly, namely, twice a day; as if the narth, aeconling to that foolish conceit of 
Apollonius, were taking respiration, and breatbiug out water ev(lry six hours and then taking it in again: is a 
very great clifficnlty. 

lie notes that this simultaneous rising is not proven from reports concerning certain wells, 
nor even from the (then supposed) fact that tides are simultaneous at Florida and the coasts of 
Europe. He remarks that this may result naturally enough from the tide coming from the Indian 
Ocean around southern Africa. 

Besides the sexhorary motion, the semimonthly, and the semiannual, "whereby the tides 
receive a great and remarkable increase at the equinoxes," he mentions a monthly motion which 
he may have indistinctly connected with the moon's parallax. 

He believes the earth to stand fixed while all of the universe outside, including the air and 
waters of the sea, has a tendency westward,-the heayenly bodies moving much more rapidly than 
the air or the waters of the sea. He believes that the two coutinents so obstruct the tidal waters, 

•About the north of Labrndor. 
t "Th11 1lowiug iH occasioned by reason that the heato of the moone boyleth and mnketh the wnter thinue by 

wa~· of rarefaction." 
l Hakluyt, Vol. III, p. 36, 37. 
11 Cf. Snint-Picrrc. 
111-Inklnyt, Vol. III, p. 52. 

~Vol. V, p. 196. 
** I. e., rise and fall of the tid11. 
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which would otherwise progress uniformly but slowly from east to west around the earth, that 
their progressive motion is converted into a motion whose period is a half lunar day; also, that, 
because of this westward motion, those gulfs or bays which open eastward should have larger 
tides than similar bodies of water opening westward. 

Concerning the coincidences in the periods of the tides aud of the heavenly bodies h~ says: 

Yet it will not immediately follow (and we would ha1•e men observe this) tlmt things which correspond in the 
course and periods of time, or even in the manner of carriage, are in their nature An\Jordiuato, and tlrn cause one of 
the other. For I do not go so far as to assert that the motions of the moou or sun are Bet down us the camies of the 
inferior motions which are analogous to tht•m, or that tho sun and moon (as is commonly said) have dominion over 
tlwse motions of the sea (though such though ts easily fintl entrance into men's minds by reason of thllir veneration 
for he:wenly bodies); indeed in that very half-monthly motion (if rightly observed) it would be :i very strange and 
novel kind of o\Jedieuce, for the tides at the new and full moon to he affected in the same way, while the moon is 
affected in opposite ways; aud mauy other things might be atlducotl which would destroy these fancies about 
dominations, antl leail us rather to conclutlti that these corres1)011tlences arise out of tho universal passions of matter, 
and the primary combinations of things, not as if one were governed by tho other, hut that both emanate from the 
same origins anti follow causes. Nevertheless (however it \Je) what I have said remains true, that nature delights in 
correspondences, and scarce admits anything unique or solitary.• 

77. William Gilbert (1540-1G03). Gilbert, in his New Philosophy,• asserts that the moon 
aiHl earth have a. mutual attraction for each other analogous to magnetic attraction; that the 
tides are produced hy this force of the moon and not by its rays or its light. He cannot see how 
the ebbiug or the tide follows from the direct attraction u11less the interior of the earth contain 
lrnmors which retreat into the earth when the tide forces cease, and so cause the surface of the 
St'a to descend. He finds difficulty also i11 understandi11g why earth and moon do not fall together. 

,John Kepler (1571-1630). As early as 1598, Kepler took exception to the views of Galileo 
concerning the cause of the tides. In the introduction to the Cosmographical Mystery he says: 

For he who attributes the motion of tho soaH to the motion of tho earth, clearly assumes a violent motion; \Jut 
lie who says that tho seas adhere to the moon, makes in i1art a natural assumption.t 

In his Foundations of Astrology ( 1602) he asserts, in 'l'hesis 15, that, as proven by experience, 
all things swell up with the waxing moon and subside when she is waning. This foreknowledge 
is useful in housekeeping, farming, medicine, and navigation. But he says: 

Physicists have not yet fully ascertained the reason for this sympathy.§ 

In Thesis 47 be likens the circulation of the waters of the earth to the circulation of living 
animals, and suggests that the observations of many years must needs be collated in order to 
investigate any long-period circulation which may exist. He says: 

lleroupon Caesius attributes 11omethiug to the nineteen-year cycle of tho moon; from whom, indectl, all faith 
cau not be taken away. For mari11er11 say the greatest tides return upon the same days of the year after tho period 
of rn rears; and the moon, loade1l with vapors, soemH snita\Jlc for this purpose, hccause Hho possl!.sses either au excess 
or a tloticit of moisture.II 

This is probably the first. hint at a rn year inequality in the tides. Pliny supposetl an 
i11ec1uality of 100 lunar months to (•xist. 

in the introduction to tlw Motions of the Pla11ct l\Iars, Kepler lays down the followi ug axioms 
concerning gravitation and the cause of tlie tides (160!1). Ue is the first to assert that the 
attractive forces exercised by earth and moon upon each other are proportional to their respective 
masses. 

Therefore the true doctrine of gravity depemhi upon these axioms: 
Any corporeal substance, Hl'oing that it 18 corporeal, 1s b_v 11atnre destined to rest in any place, in which it is 

placed alone outside tho Rpht,re of virtut' of a cognate hody. 
Gravity is a mut1ml corporeal affection among cognate \Joelie!! to union or conjunction (in whieb class of thing!'! 

is also the magnetic faculty) such that tho earth attracts a st.oue by as much more as tho Htone travels towartl tho 
earth. 

•Tho \York11 of Francis Bacon (Etlition Sperltliug et al.), Vol. V, p. 4'18. 
I De Mundo Nostro 811bl1111ari, Philo11ophia Nova, (1651). See also De Magncte, MaguoticiA<p10 Corpori\Jus, et tie 

et de Magno Magneto Tollure" (1600); translation \Jy Mottelay (1893). 
l Opera Omnia (Etlition Ch. Frisch, 1865-71) Vol. I, p. 64. 
§Ibid., p. 422. 
11 Ibid., p. 430. 
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Heavy bodies (especially if we plaeo tho earth in th11 teuter of the universe) are not carried to tho center of 
tho universe, as to tho center of the unh·orse, hut as to tho center of a rouncl t:>ognnte botly such aR the "artli. 
Therefore wherovor tho earth is locatotl or wherevnr it is transported by its animal faculty, heavy bodies are 
always drawn towartl it. 

If tho earth he not round, heavy bodies will not be borne from evorywhero straight to the middle point of tho 
earth, but will be borne to diverse points from diversn sides. 

If two stones be located in any part of the unh•orse, mutual neighborH outsitlo the sphorn of iutluence of the 
third cognate bocly, these stones in tho similitu<fo of t.wo magnetic bodies will come togntlrnr in an intermodiatl' 
place, the first approaohing tho otlwr b~· so much space, as the other is a heavy mass in comparison. 

If tho moou and earth were not ret.aine<l by animal force or Homo other eepial [force], each in its orhit, tho earth 
would ascend toward tlrn moon a fifty-fourth p:i.rt of tho 11pace, :mel tho moon would descend toward the earth 
auout 53 parts of tho space, whore they would ho 1111i tee!: provided, however, tbat the substance of both be of one 
nll<l tho snmo <lousity. 

If the earth 8hould cease to attract its waters, all marine waters would be elevated and would flow into the 
body of the moon. 

The sphern of the attracting virtue, which is in the 1110011, extends t.o the earth and incites the waters under tlw 
Torrie I Zone, bec1mse of its mooting [with tlwm] wheresoernr she happens to be in the zenith of the pla<'e; [they are 
incitecl] insonsibl~· in ouclosocl sea8, but sensibly where thorn nro v1iry broad beds of tho ocean, aucl abundant libert.y 
of reciprocation for the waters; hy which caus11 tho shores in the zones ancl neighboring l'li111es are ma<lo bare a1Hl 
on~n as far as tho Torrid Zone, tho neighboring ocoans cause tho waters of gulfs t.o bo more reclucecl. Therefore iu 
a. broader hod of the ocean, tho waters being in motion, it may happen that in its more nnrrow gulfs, provided not. 
too closely confined, the waters, when tlw moon is present, may eveu soem to 1loe from hor: in fact, they snbsido 
when th!' abundance of water is diminisheel outsiclo. 

The moon speedily traversing the heavens, although the waters <"annot follow as quickly, caui<os a westwar1l 
Jlow in tho Torrid Zone, until it impinges against opposing shorns and is dellccte<l from them; tho assemhl~· or arni~· 
of wat.ers is illlfoo1l dissolvo1l by the departure of tho moon, which [water] is in it.s march toward tho Torrid Zone, 
because desertocl by the attraction which hnd callee! it forth, aiul with its \'igor taken away, as in water vases, got•s 
back and leaps against its shores and l'Oncoals them: and this irnpotns begets through t.he absence of the moon 
another impetus, until tho returning moon receives an1l modcrates the curbs of this impetus und at the same tin111 
with lwr motion turn~ them about. 'l'hns shores ee1nally bnro are nil filled nt tho Bame hours, but tho more distunt 
shores arc filled Inter, some in diverse manners because of dh·erse approaches of the occun. • 

In the fourth 'book of his Ifarmonics t (161!.)) Kepler likens the ti<le to the breathing- of 
terrestrial animals and especially to the breathing of fishes; but it does not follow from this that 
he renounced his earlier views. 

Of those who attributed the tides to some attraction of the moon analogous t-0 magnetic 
attraction, may be mentioned, Scaliger, Gilbert, the College of Jesuits at Coimbra, Antonio dt>. 
Dominis, and Stevin. 

78. Galileo Ga.lilci ( 1564-1642). 
The fqurth dialogue of Galileo's System of thB World t is devoted to the discussion of the 

tides. His object is to show that they are dne to the non-uniform motion (in space) of the particles 
of the sea and solid eartll, aml that their presence goes to prove the earth's axial rotation and its 
motion around the sun.§ Since the earth turns from west to east an cl also moves eastward in its 
orbit, the actual mot.ion of a place in the nighttime must 'be greater than the actual motion of the 
same place in the daytime; hence the diurnal acceleration and retardation of the otherwise 
uniform motion in space of any given sea, and hence the tidal cause whose period is a solar day. 
Galileo does not realize that the tides call for the lunar instead of the solar day. In HilG Kepler 
points out to Galileo that the lunar day should be taken.II 

He notices that there are several "varieties" of tidal movements depending upon the localities. 
Considerable tides may be accompanied by weak currents or 'by strong currents, and small tides 
may be accompanied 'by strong currents, as happens around several islands of the Mediterranean. 
Such "varieties" he tliinks would be present if a vessel (like the Mediterranean Sea) 'be subjected 
to a non·uniform movement, 'but not otherwise. He notices that (analogous to the pendulum) the 
nn<lulations of waters in short vessels are more frequent than in long vessels; also that an increa,;e 
or tleptil increases their frequency.,l 

• Opnra Omnia, Vol. III, p. l!Jl. 
t Opera Omnia, Vol. V, p. 255. 
+ Galiloo's earlier paper on t11ies, written in Hi16 nnd entitled "DiAcorso sopra 11 tlusHo e retlusso de! mare" 

(Opero, \' ol. II), contains tho same theory as tl.Jat fouml in his System of tho \\'1lrld. 
\I Kepl<'r points out that thiH is no proof of the earth's motion, Opera Omnia, Vol. VI, p. 180. 
II Kcplt1r, Oporn Omuin, Yo!. 11, pp. 116, 117. 
~Cf. Forel's soit·he period, ~ 31. 
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In reference to certain other hypotheses the dialogue reads:• 

And there dwelleth not many miles from hence a famous Peripatetick, that alledgeth a cause for the t1arne 
newly fishod out of a certain Text of AriBtotle, not well understood by his Expositors, from which Text he collectet!J, 
that the true cause of these motions doth only proceed from the different profundities of Seas: for that the waters 
of greatest depth being greater in abundance, and therefore more grave, drive back the Waters of lessc depth, w!Jich 
being afterwards raised, desire to deHcend, and from this continual collnctation or contest proceedH the ebbing and 
Jlowing. Again those t!Jat reforre the same to the Moon are many, saying that she hath particular Dominion over 
the Wat-0r; and at last a certain Prelatet hath published a little Treatise, wherein ho saith that the moon wandering 
too and fro in the Heavens attracteth and draweth towards it a Masse of Water, which goetb continually followi11g 
it, so that it is full Sea alwayes in that part which lyeth under the Moo11; and because, that though she be under the 
Horizon, yet nevertheless the Tide returneth, he Raith that no more can be said for the salving of that particular, 
save onely, that the Moon doth not onely naturally rntain this faculty in her self; but in this case hath power to 
confer it upon that degree of the Zodiack that is opposite unto it. Others, as I believe you know, do say that the 
Moon is able with her temperate heat to rarefie the 'Vater, which being rarefied, doth thereupon flow. 

Later on in the dialogue still other theories are referred to. 
Galileo's indistinct notion of the tidal period and his contempt for the idea that the moon is 

the principal cause of the tides may be gathered from the following extracts: 

The period of six hours therefore is no more proper or natural than those of other intervals of times, though 
indeed its the most observed, as agreeing with our Mediterrane, which was the onely Sea that for many Ages was 
navigated: though neither is that period obsen·ed in all its parts; for that in some more august plac6!!, such as urn 
the llelleBpont, and the .!Egean Sea, the periods are much shorter, and also very divers amongst themselves; for which 
diversities, and their causes incomprehensible to A1°istotle, some say, that after he had a long time observed it upon 
some diffes of Xegropont, being 1Jrought to desperation, he throw himself into the adjoyning Eurip11s, and voluntarily 
drowned himtmlf. 

Now follow the two other Periods, Monthely, and Annual, which do not bring with them new and different 
Accidents, otlwr than those already conHidered in the diurnal Period; but they opera.to on the same Acciclents, by 
rcndring them greater and lesser in several parts of the Lunar :Monet.h, and in several times of the Solar Year; as if 
that the Moon and Sun did each conceive it self apart in operating and producing of those Effects; a thing that 
totally ela.sheth with my uuderstanding, which seeing how that this [movement) of Seas is a local and sensible 
motion, made in an immense mass of Water, it cannot be brought to subscribe to Lights, to temperate Heats, to 
predominacies by occult Qu1ilities, and to such like vain Imaginations, that are so far from being, or being possible 
to be Causes of the Tide; that on the contrary, the Tide is the cause of them, that is, of bringing them into the 
brains moro apt for loquacity and ostentation, than for the speculation aml disco,·ering of the more abstruse secrets 
of Nature; which kind of people, before they can be brongh't to prononnce that wise, ingenious, and modest 
sentence, I know it not, suffer to escape from their mouths and pens all manner of extravagancies. 

Galileo thinks the monthly inequality due to a supposed retardation and acceleration in the 
earth's orbital motion, caused by the moon being alternately outside and inside of the earth's orbit, 
and his reason for this is that distant bodies have longer periodic times of revolution about the 
sun than near ones. He believes that this irregularity of motion may be too small to have been 
observed by astronomers and yet sufficiently great for producing the tides. 

But how each Planet governeth itself in its particular revolution, and how precisely the structure of its Orb is 
framed; which is that which is vulgarly called the Theory of the I'lonetB, we cannot as yet undoubtedly resolve. 

But amongst all the famous mon that have philosophated upon this admirable effect of Nature, I more wonder 
at J(cplcr than any of the rest, who being of a free and piercing wit, and having the motion ascribetl to the Earth, 
before him, hath for all that given his ear and assent to the llloons prodominaney over the Water, and to occult 
properties, and such like trifles. 

Because of its author, the system' of Galileo attained recognition from uumerous sources. 
Ga.~.~endi (15!l2-1655), in his De ~'Estu Maris follows Galileo iu the main; and it appears by ltis 
later writings that Kepler may in part have renounced his own more rational views. Hiccioli 
explains Galileo's system at considerable length; the attempts of Balianus and Wallis in this 
direction are given below. Fournier at times, in his Hydrographie, resumes Galileo's theory as 
modified by Gassendi, but he was not altogether pleased with it. 

In justice to Galileo it should be added that lie at one time contemplated a treatise on the 
theory of tides, but that his religious persecutors rendered it well-nigh impossible for him to co11-
tinue his scientific work. 

•Thomas Saiusbnry's translation, found in his Mathematical Collections and Transaction!l (Lon1lon, 1661). 
I Antonio de Dominis, Archbishop of Spalatro. 
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79. John Baptist Riccioli (1598-1671). In the second, fourth, and nintll books of his Alma­
gestum Novum,• H.iccioli treats of the tides. 

Galileo's system or theory is explained and refuted at some length. Ile quotes the theses laid 
down by Kepler, and mentions a great number of other theories both ancient and modern, thus 
giving much historic value to his work. 

Wccioli divi1les the ordinary motions of the sea into three classes: 1\Iotion in latitude, in lon­
gitude, a11d in height. TJ1e last he regards as the tide-the <estus or theflux·us ac rejiu:cus. The 
motious from eai;;t to west are real or supposed ocean currents, but the north-and-south motions 
are, at least in part, tidal. For example, he speaks of their period being twenty-four hours around 
the J.\folucca and Philippine Islamhi. 

He gives some account of the tides of Europe including tile Mediterranean Sea, and makes 
some mention of tile tides in America. For example, he states that at the island of l\Iartiuique 
and in the Caril>l>ean Sea the sea rises scarcely 1 foot. 

Ile gives a tal>le showing for various localities the times of high water at new and full moon; 
also a table, after Fournier, showing the times of tide for each day of the month. The values 
upon successive days generally become later by 48 minutes and recur after an.interval of 15 dap;. 

John Baptist Bcilianus. t This writer undertakes to supplement the most obvious defect. of 
Galileo's theory by supposing the moon to describe the orl.lit about the sun, and the earth to 
aecompany the moon revolving al.lout the latter every month. 'l'his would give alternate accelera­
tions and retardations in motions in space of any given point of the earth, and the period would 
lie a lunar instead of a solar day. 

Later, Dom .Jacques A1exandre, Beuedictine, in a paper on tides which took the prize of the 
.:\(':ulemy of Bor<leaux in 1726 adopts the hypothesi8 of Ba.lianus. l\1. de l\Iairau refutes this in 
the l\I1;111oires de l'Academie, 1727 . 

• Je1·c111iah llorro.r (c. 1619-l<i40). Horrox, the astronomer, observed tides for three months 
in HHO short]~· l.lefore bis death, which occurred when be was only 21 or 22 years of age. 

Jlorro"k" appears to havo heon tho first person who nn<lcrtook tho prosecution of n. continuous course of obscr­
rntious of the tides, for tho express purpose of obtaining a series of facts which might form the ground work of n. 
philosophical investigation of tho 1rnbject. t 

It seems, however, that the heights of remarkably high tides upon the Thames have l.leen 
recorded ever since the Norman conquest,§ and that Caudale made in 1575 several observations 
011 the tides at the mouth of the Garonne.11 

80. Ren<f Descartes (15UG-1650). 
Ju tl.JC fourth part ofl1is Principles of Philosophy, Descartes attempts (c. 1G4·1) to explain the 

tides in accordance with his il.JCory of the movements of the heavenly bodies set forth in the third 
part. According to the vortex theory, the sun, being at the center of tlle solar system and sur­
roun1led by a l.loundless fluid, does, by its axial rotation, set in motion the fluid layer arijacent to 
it; this layer imparts its motion to the adjoining layer; this in tnru to the next, all(l so on to the 
distant parts of space. The planets placed in their respective flui1l layers are in this way carried 
al.lout the sun. Similarly, each planet, because of its axial rotation, is the center of a secondary 
vortex system. In tllis are involved not only the satellites attending the planet, l>ut likewise the 
air :111d water by whicll it is surrounded. By meaus of the intervening flnid, he supposes the 
1110011 to exert a pressure upon the atmosphere and, in some way, produce the tides, low water 
when she is npon the meridian and high water when UO degrees distant. Ile supposes that spring 
tides are dne to the moon's approaching the earth in a syzygy, and tllat neap tides are due to her 
receding from the earth when in quadrature. 

The vortex theory of the universe appealed to the popular imagination, because there seemed 
to lie no occult or unfamiliar properties of matter involved. It exerted a consideral>le influence 
for al.lout one hundred years. '.rhe last honor paid to it by the Academy of Sciences of Paris was 
in the ~·ear 1740 when the essay of Cavalieri received a prize along with the essays of Bernoulli, 
::\l:wlaurin, and Euler. 

• Firnt print0tl in 1651. 
t Hiceioli, Almo.~cst. N ovum, Bk. !l. 
: Grunt'B lli~tory of Ph~·Bi<'a I Astrono111y, p. ·l28. 

0584--~H 

·-·--·-·------- ·--------------
~ Chiltlrey, Phil. Trans. (1670); Ahr. Vol. I, p. 516. 
II Ln.la111le, AHtronomie, Vol. IY, p.35. 
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In Propositions LII and LIII, Bk. II, .Newton shows the inability of the vortex theory to 
account for the planetary motions. For, in order that the planets be so carried, their periodic 
times must be as the squares of their distances from the sun, and, moreover, their densities must 
be the same as that of the surrounding fluid. 

As already noted (§GG), Seleucus held a view somewhat similar to that of Descartes. Among 
writers upon tides who adopted this explanation are Vareuius and Jacques Cassini. 

81. Rernhardus Varfmius or Renilutnl Varen (IG~2-1G70). 
The Geographia Genernlis of Varenius appeared in lli:10; in 1733 the work was translated 

into English by Dugdale,* aml it is from this that the following quotations upon the subject of 
the tides are taken. 

Although apparently 11ot satisfied with Descartes's explanation, he accepts it, with some 
amendments, as the most platrnible one known to him. 

He states that, as shown by observation, water bas but one natural motion, viz. from a higher 
tn a lower place; also that-

1'/te 9mwral 21/otion of the Sra ia twofold; the one is co11sta11t, a111l from EaHf. to Trest: fhP, othm· is eompo•ed of two 
contra1·y Jlotions, and called the Plu.r and Reflux of the Sea, by 11•hieh, at certain l!o111·•, -it ,tlou's towards the shores, and at 
othe1·s back a!Jai11. 

lie instances numerous straits where the east-to-west motion is very strong. 

The Cause of I/tis !fcneral 1llotion of the Sea from East to ll'est is 1111c1rtain. 
THE Aristottdians (tho' neither they, nor their :\laHter, nor any Europra11 Philosopher, bad the least Kotion 

of tbPso Things, befor<3 the l'o1·tugn1·He Hailed thro' tho ocean in the Ton·id Z01w) HuppoHe, that it is causetl b~· the 
Prime .Motion of the HeaYons, wllich is common not only to all tlw St11r8, but eYen, in part, to the Air and Oceau; 
and by which they, and all things, are carried from East to \Vest. Some Copernicans (as ](eplcr, etc.), altho' they 
acknowledge tho .Moon, to be the prime canse of this Motion, yet they make the ;\lotiou of the Enrth not a little 
contribute to it, by reason that the Water, boing not joined to the earth, but eoutiguous only, cannot keep up with 
it's cptick Motion towards the East; but is retanle1l and left towaru the West; ancl so the 8ca is not moved from one 
Part of the Earth to another, but the Earth leaves tlrn Parts of the Sea one after another. 

OTHERS, who are satisfied with neither of these Causes, have recourse to tho Moon; which they will have to 
be the Go,·erness of all Fluids, ancl therefore to draw the Ocean round with her from East to \Vest. If yon ask, 
bow she performs thisf They answer, it is, by an occult Quality, a certain Influence, a Sympathy, her Vicinity to the 
Earth, and such like. It is \'ery probable indeed the Moon, some way or other, causes thi8 l\Iotion, lHJcauee it is 
observed to be much more violent at the New ancl Full Moon, than about the Quadratures, when it is, for the most 
Po.rt, but small. 

THE ingenious des Ca1·tcs mechanically explains how the Moon may cause this ;\lotion, both in the \Vater, aud 
the Air. 

He then attempts to explain this motion by Descartes's theory. 
After attempting to derive the phenomenon of the tides froni considering tl1e westward 

flowing current be says: 

HENCE we muy determine, that the Flnx and Reflux of the Sea is no way distinct from that general ::\lotion, 
which we explained in the former Proposition, whereby the Ocean is perpetually moved from East to West; for it 
ie only a certain ::llocle or Property of tbut Motion. · 

To t'xplai11 tlw Cause of the Swelling a11d Swagin!f of the Sea, vulgarly called it's Flux and Reflux. . 
THERE is no Ph:Pnornenon in Nature that bas so much excrcisecl and puzzlecl the \Vite of Philosophers and 

learnecl Men m1 this. Some have thought the Earth u11Cl Sea to be a lh·ing Creature, which, by it's Respiration, eauscth 
this ebbing and flowing. Others imagined that it procee1ls, aiul is provoked, from o. greut Whirl-pool near Norway, 
which, for Six Jlonr8, ab~orhs tlw \Vatcr, ancl afterwal'<lR, disgorges it in the same spaco of Time. Soaliger, and 
others, supposc<l that it is canHccl by the opposite Shores, especially of America, whereby the general ;\lotion of the 
Sua is obstrnctc<l and reverberated. But most Philosophcra, who have obsen·ed tho Harmony that those Tides 
have with the Moon, have given their Opiuiou, that they aro entirely owing to the Inllneuce of that Luminary. 
But the Question is, what is this luJlueucei To which they only answer, that it is an occult Quality, or Sympathy, 
whereby the J\loCln attracts all moist BodieR. But iht•8o are only "'or1ls, and Riguify no more than that tho l\Joon 
docs it by i;ome means or other, but they do not know how: \Vhich is the Thiug we want. 

lie then returns to Descartes for an explanation of the phenomenon and offers some 
amendments. 

----------··----··------------·-· -----

•"A Complt~at System of Genernl Geography: • . . . Originally written in Latin by Bernhard Varenins, 
M. D., sinco improved ancl illnstru.tod l>y Sir.Is:tac Newton ancl Dr. Jnri Loudon, 1734, Vol. I, Ch.14. 
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Having noted that greater tides happen at tho syzygies than at tlle quadratures because the 
moon is nearer to t.he earth in the first instance, he says: 

YET in some Places there urn higlrnr Tides nt tho Full :\loon thnn ut the Now, which l cannot ncconnt for, unless 
they be the Effects of it's greater Light nt that time. Nor cun it be otherwise explained, why at tho Full llloon 
Vegetnbles uud Animals aro impregnated with a greater quantity of Son Moisture, thnn at the New, tho' eYen thou 
the Tides nre evor,v whit us high. It is vory wonderful what one 1'wi8t, n J>11tch1111w, relates in his Description of 
1111/ia. He 1-mys, thut in the Kingdom of G11::ai·at (where be Ji\•ed many Years) their Oysters, aud Crabs, and other 
Shell Fish, are not so fat nrnl juiey at the Full :\loon as nt the Now, contrary to their Nature in nll other Places. Nor 
is it Jess admirable, that on the Coast of tho same Kingdom, near tho Mouths of the Hh·or Ind11.~, tho Sea swells, und 
is troubled, at the Now Moon, when not far from hence, t'i::. in tho Sea of Calic11I, the greatest Hise of Urn 'Vnters is at 
the Fnll. But it is requisite that we !lhould hu\'O repeated En<p1irios arnl Observations about these Matters, boforo 
we prote1Hl to !lolve their Phaenomenn. 

1>HS Carles pretends to account. for this Phaenomcnon hy his llypotheHiR, hut I cannot apprnhend his Meaning by 
his 'Vords, nor how it can be deduced from it. It i~ probable, that tlw Snn and the general "'iuds may contribute 
much to raise these Tides, when, in tho equinoxes, the Snn is vertical to the Ocean in the middle of tlw Torrid Zo11c, 
and thernfore may cause both the Wiiul and Water to ra.ge, and tho former to agitate the latter. The contrary of whid1 
may happen about the Solstices. Or we ma~· say, that these extraordinary Ticlns then happen by the same Hoason, 
and proceed from the same Cause that frequent Hains ancl Inundations proceed from in these Seasons. 

THE Flux is caused by the Pressure of the )loon, or the celestial ;'\latter, between it an<l the Sen, ancl continues 
no longer than thn Cause forces it: \mt in the Ebh, tho Sea only flows from a higher ton lower Place, which i:i tho 
natural l\Iotiou of the "'ator. 

The tides are generally highest in those places over which the moon is vertical-
BECAlJSE those Places arc more pressed, null tho swelling of tho Sen is groutnr, over which tho l\Ioon squeezeth 

tho celestial !\latter, whereby greater Ti<les art1 produced: but where the incumbent Matter is less squeezed, and 
other Causes conspirn, tho Altera! ion will be lesH. 

SINCE tbe l\loon, in the l\Icridian, iri 1rnarer any l'lare than when she is in the Horizon, (becanlle the Hypotenuse 
of any right-nnglecl Triangle is longer than tho l'eqwnclienlur) it folloW8 (by Proposition HJ, of this Chapter) thitt 
then it ought to be High Water in that l'lncn (whern sbe is full i:'outh). And when she is full North, or in tho 
lower Part of the l\lcridian Circle, it ought to bll also High "'ater in the same Place, because, tbo' she bo not 
there, yet the opposite Part of the Vortex of the Earth is straitued, ancl hath the same Effect, as if the Bodf 
of the ;'\loon it8elf were prnsont. 

Then follow descriptions of tides in numerous localities, also a somewhat improved table 
for flnding the time of the moon's transit from the age of the moon. As nsnal, uo account is 
taken of the sun's effect becaneie the moon alone is :mpposed to be n•sponsiUle for the tides. 

The Gyrations of tlw Sea, which we oall Vorter.c8, or Tr hirlpools, are of three lliuds. 
SOME Whirlpools only turn the 'Vater in a, Ronnd; others at Times absorb, untl emit or vomit it up; and some 

again Huck it in, but do not cllllt it out. Aud doubtless there iH a fourth Kind somowhore in the Channel of the 
Sea, which may throw out 'Vatcr hut takes uono in. I do not. remember nn~· llUeh to be rocortletl hy Authors; 
only upon the dry Land there are sevnral observed. The JJ11!cll ~InrinerH cnll these Whirlpools Jllaclstroo11i. 

THERE arc but very few of these, at lca8t, that lmve been taken I'\otice of. 
BETWEEN" Noyropo11t and Greece there is a fomouH '\'hirlpool; mile<! the l~urip11R, much tnlkecl of because of 

the fabulons Story of .d1'istotle's dying thcrt1. Scaligcr endcavonre to explain it t.hns. It is not much amiss (su~·s 
Im) to suppose the Wn.ter, received into the Caverns, in the Clitfa of tho Hocks l1elow, issuet.h from thenco; for by 
the continun.l running in of the Water the little rocky Bays nre lilied, and bein~ full, they emit what they 
roccive<I, thro' win cling nnd subterraneous Passages; whose Capacity is such, that they pour ont the Water for so many 
Hour,, whereby tlie Ti<les nre now obstrnoted or repelled, and a little after forwarded or helped. But any one may 
perceive thn insufficiency of this Cuuse. 

THE lllaclat1·oom on the Coust of No1·way, is the swiftest and largest known Vortex; for it is suid to be thirteen 
J>11t1Jh Miles in Circuit; in the middle of which there is a Rock, which the People thereabouts call the ,l!ouske. 
This 'Vhirlpool, for six Hours, sncks in whatever appro:iches it, or comes nigh it; not only "'nter, but "'halos, 
loa<lcd Shi pH, nnd other Things; aud in as many HourH disgorges them all again, with a hideous Noise, Violence, 
and whirling round of the Water. The Cause is latent. 

BETWEEN Norma11d11 in France, n.nd England, there is a Whirlpit., toward which Ships nre dmwn with nn 
incrocliblo Celerity; but when they come near thn middle of the Swallow, they are, with the sumo Force, thrown 
out again. 

Is1urc Yossiu.~ (1618-168!J), in his book entitled De Motn Mari um et Yentorum, contends that 
the tides are produced by the heat of the sun, and that their apparent co1111ectio11 with the moon 
is ouly a casual sy11chro11is111.* 

*Reviewed hy Wallis, Phil. Tran~. (lGfiG) [Vol. I, p. 286]; Ahr., Yol. I, p. 105. 
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82. Dr .• Tohn Wallis (1616-1703). 
Largely in accord with Galileo's explanation of the tides in bis System of the World, is the 

lJypothesis of Dr. vVallis, found in Philosopllical Transactions for the year lUGG. 
Galileo's theory makes tl1e tides depend upon tllenon-uniforrn motion (in space) of the diffe1ent 

parts of the earth; that is, the places having night go eastwar1l faster than those haviug day. 
lVallis takes into account the fact that the earth's center does every month describe an orbit 
abont the common center of gravity of eartu and moon, and not about the moon itself as Baliauus 
assumes. 'l'his causes the places having the moon below the horizon to move faster than those 
having the moon above. 'l'his gives an acceleration and retardation having a period of a lunar 
day-a period which Galileo did not obtain. Neither writer, however, makes it clear why there 
should be two high waters and two low waters daily instead of one. 

f 'l'o show that the tides cannot be caused except by the existence of attraction, we may 
proceed as follows: 

Suppose the axial rotation of the earth were zero; then (at least for a 1011g time) a given 
hemisphere of the earth would face a certain fixed star as the earth is carried around the center of 
grnYity of itself and the moon. Every particle of the earth would then have equal and parallel 
mot.ions and so, of course, equal centrifugal forces. Hence there could be no differential or tidal 
forces from this cause alone. 

nut given sufficient time, and some kind of mutual attraction between earth and moon which 
are supposed to be revolving, without axial rotation, about their wmmon center of gravity; the 
two bodies will eventually face each other and revolve upon their axes 011ee a month as if parts of 
one rigid body, anu the spherical surface of the water will then l1ave become spheroidal, chiefly, 
we may uow suppose, on account of the centrifugal force. nut the amount of this centrifugal 
deformation is obviously zero when the axial rotation is zero, aml it can become sensible only 
when the axial rotation becomes, or tends to become, monthly. But in the case of nature, the 
earth has an axial rotation whose period is constant and 110 approach to the month. Hence this 
centrifugal force can have no effect upon the tide.*] 

Ile tries to account for the spring and neap titles by the fact that when the moon is full the 
velocity (in space) of the earth's center about the sun is a miuimum; when new, a maximum; and 
when in quadrature, the Yelocity l1as its mean yalue. 

ln quotations given below it will be noticed how nearly Wallis comes to the solution of the 
prolilem of universal gravitation.t 

Tho sea's ebbing an<l llowing has so great a comwxion with the moon'R motion, that iu a manner all philosophers 
ha\'t• attributed much of its cnuHc to tho moon, which either by some occult quality, or particular influence which it 
has on moist bodies, or b~· ~ome magnetic virtutl, drawing the water towards it, which Rhoul<l therefore make the 
water highest where the moon is vertical, or by its gr:i\'ity and pressure dow11wanls upon the terraqneons globe, 
which should make it lowest, whore the moon iH v.irtical, or by whatever other means, has so great au in1lnenco on, 
or at least con11exion with, the sea's Jinx and re1lux, that it would seem very unreasonable to separato tho consider­
ation of tho moon's motion irom that of the son: tho periods of tidoH, to say nothing of tho greatness of them near 
the new and full moon, so <'Onstnntly wait.ing on tho moon's motion, that it may bo well presumed, that citlicr the 0110 

is governed by tho other, or at least both by some common cause. 
I consider thereforo, that in the tides, or tho llnx and re1lux of the sea, besides extraordinary extravagances, or 

irregularities, whence great inundations or strangely high tides follow, (which yet perhaps muy prove not to he so 
meroly acci<lenlal as they have been thought to be, hut might from tho regular laws of motio11, if well considore<l, 
be hoth well ac<'ounted for, and even foretold;) these three notorious obs!.'rvations are made of the reciprocation of 
tide~. 

1. The dinrunl reciprocation; whereby twice in somowhat more than 24 hours, we have a flood and an ebb; 
- . ·--· - -··--·----. -------------

•The idea that the tides are due in 1mrt to a centrifugal disturbing force supposed to be set up becauso tho 
earth is carrie<I aronn<l the center of gravity of it nml the moon or sun, has appeared from timo to time since tho clays 
of \Vallis. E.g., Hube, "Vollstiindigcr und fasslicher l:ntcrricht in der Naturlchn•," Pt. III (Leipzig, 1794), pp. 210 
et sc<J.; Aloxander \Vilcocks, "An Essay on the Tides" (Philn., 1855); P. E. Chase, .lour. Frunk. Inst., Vol. 47 (181H), 
pp. 137, 208; Nowcomb, Popular Astronomy (1878), p. 91. This part of the explanation does not appear in Newcomb 
nn<l lloldcn's Astronomy. It is, howc\·cr, still gi vcn in some text-books and popular lectures. Bornoulli, in the 
third urnl fourth chapters of his essay on tides, especially mentions the inability of this centrifugal force to alter the 
figure of the earth. 

In this connection, see Thomson and Tait,~ 813; also Darwin, Nature, Vol. 43 (1891), p. 609. 
t "Hypothesis on the Flux and Retlux of the Sen," Phil. Trans. (1666) [Vol. I, pp. 263-281]; Abr., Vol. I, pp. 

89-101. In quoting, Hutton's abridgmout will generally he followed. 
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or a high-watt>r ancl low-water. 2. The menstrnul; wherehy in one synodical 1>eriod of the moon, suppose from 
full-moon to fnll-moon, tho time of thosn cliurnal ,-icissitmles moves round through the whole compass of the 
Nvxu'J/uFpov, or natural day of 2·1 hours; as for instance, if at the full moon the full son be nt HtJCh or snch a 
place j1rnt at noon, it shall he the next clay at the same place sonwwhat before ouo of the clock; the clay follow­
ing, between oue an<l two; and so onwnr<I, t.ill at the uew moon it Hhall be at midnight; tho other ti<le, which 
in the full moon was at midnight, now at t.ho new moon coming to be at noon; and so forward, till at the n<'xt full 
moon tlw full Hca shall at. the same place come to boat noon again: Again, that of the spring tides and ueap 1 i<lcs; 
nbo11t the fnll moon and new moon the tides nro nt the highest, at tho qnndruturos the tides arc a.t the lo wost; and 
at the times intcrmodinto, proportiouahly. 3. Tho aunnal, * whereby it is obsorveu, that at some part of the ~·ear, 
the spring tides are yet much higher than tho spring tides at others, which times aro 11s11ally taken to be at tho 
spring and autumn or tho two equinoxes; but I ha\'Cl reason to believe, as well from my own obsen·atious for many 
years, as of oth.,rs who have alike observed it, that wo should rather assign the beginnings of Februar~· and 
NovemlH:r, than tho two equinoxes. 

Jn his explanation, as already intimated, he attributes the thlcs to the rotation of the earth upon 
its axis, the revolution of moon and earth about their common ee11tcr of gravity, and the revolution 
of this common center about the sun,-gravity serving- merely as a tie to connect the bodies, their 
motions causing the tides. 

From this quotation it is seen that the semi-annual variation in the phase inequality (in height) 
was known to \Vallis although he was for some years mistaken in thinking the times of its maxima 
could fall far from the equinoxes.+ Ile attempts to explain this uo11-coincide11ce with the equi­
noxes by the inequality in the length of the solar day, or rather by the cause of the incqnality 
In further discussion of the sub,icct, lie <listinctly suggests an annual variation in the phase 
inequality (in height) <lne to the sun beiug in apogee or perigce.:j: To clear up these questions he 
very properly tmggests the observing of low waters as well as of high, and the selecting- of stations 
near the opeu sea.§ 

'l'o retul'll to the question of gravitation. Jn reply to an objection to this portion of his theory, 
he says: II 

To the first objection of those you mention, That it appears not how two bodies that have no tie Cll\I have one 
co111111011 "entro of gravity; that is, for so I umlerstancl the int.en<lment. of tho objection, cau net or be ncted int.he 
sumo 111an11er as if they were cmmectetl: I shall 011ly 1rnHwer, that it. is harcler to show how the~' have tha11 that tlwy 
have it. That t.he loadstone and iron h1l\'o somewhat eqnivnlent to a tie, t.hongh we see it not, ~-et by the effel'ts we 
know. And it wonl<l bo easy to show that two loadstones at once applie<l iu different positions to the same uce<lle, 
at sonlll eouvenient <liHt.ance, will drnw it, not t.o poi11t directly to either of them, but to some point between hoth; 
which point. is, us to those two, tlrn common centre of attral'.tiou; anu it is the same as if some one loadstone Wl'ro in 
thnt point. Yet han1 these two loadstonm1 no connection or th,, though a common <'eutro of virt1w, n<'cording to 
whieh they joiutly net. An<l :1s to the present case, how tho earth nncl 1110011 are eounected, I will uot uow 
undertake to sllow, nor is it necessnry to my pnrpo!<e; hnt that there is Romewhat. that cloes connect them, as rnnch 
as what collll<'Cls the loadstone ancl the iron which it clrnws, is past clonbt to those w!.io allow them to \10 carried 
abont by the Hnu, as oue aggregate or 1.Jocly, whose parts keep a resp<ic.tive posit.ion to one a11other: Likens .Jupiter 
with his four satellites, a11d Sat.nm with his one. Somo tie there is that 111akes those Hatellites attend tlwir lor<ls, mul 
move in a bocly; though we do 11ot se" that till, uor hear the words of <·ommnn<I. Aud so here. 

This is a close approach to Newton's discovery, but the law of the snppo~e1l attract.ion is not 
Rtated. Halley, however, in lti84 coucluded that the centripetal force in planetary orbits must be 
inrnrsl'ly as the Rquare of the distance.,) Kepler had asserted, in HiO!), that the force is 
proportional to the masses. Newton discovered an1l established the law of universal gravitation 
in Hi82, but the details of its extension to physical and astronomical questions extended over a 
few succeeding years,-until the 1mblication of the Principia in 1687. 

*See nuder Strabo, Pli11y, Seneca, and Bacon. 
t See Taulu 31, observing the variation in S, duo to T, and solar K~; or the table given in ~ 58, fal'tor for 

(Rg-Np). Cnptuiu St.nrmy speaks of those as tb1i "annual spring tides" and states that be bas observed tllat they 
huppen iu r.farch and Septm11her. Pllil. Trans. (1668) [Vol. III, p. 813]; Ahr. \'ol. I, p. 2!l0. See note under~ 70. 

t Phil. Trnns. (1666) [Vol. I, p. 283]; Ahr., Vol. I, p.102; see also Phil. Trans. (1670); Abr., \'ol. I, pp. 521, 522. 
~Phil. TrnnR. ( 1666) [Vol. I, pp. 283-285]; A br., \r ol. I, Jlp. 112, 113. 
\I "Au Appe11dix, written hy Way of Letter to the Pnblishor, l>eing nn Answer to 110111e Objections made by several 

Persons to th" precC<ling Discourse." Phil. Trans. (1600) [Vol. I, pp. 281-286]; Abr., Vol. I, pp.101-107. 
~Phil. Tm us. (Hi76); Abr., \'ol. II, p. 32i, 11ote; Grant's History of Physical Astronomy, pp. 27-30. 
See Newton's Principia, Bk. I, Prop. IV, Cor. 6, Scholium. 
Al~o H nmbohlt's l\osmos, \' ol. III, pp. 18-21 (Cosmos, Vol. III, pp. 18-22, Otto's translation). 
Ibid., Vol. II, pp. 348, 349 (Vol. II, pp. 689--091, Otte's tra11s. ), 
Also Lalunde's Astronomio, H 3379-3382, and Brnwster's Life of Sir Isuac Newton, Ch. XI. 
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Later replies by Wallis are found in the TranRaction:'I for 1668 and 1670. 
83. Sir Robert Moray*' ( -167~). Moray doubt~ the supposition that the increaRe of tides 

from neaps to spring exactly followR the law of sines. He points out that the irregularities in the 
time required by the moon in goiug from new to full, or vice i 1ersa, will preclude any exact law in 
the matter. 

He proposes what was probably the first box gauge; i.e., a gauge with a tloat.t 
Among other things, be recommends observing the height of the tide and the v<'locity of the 

current every 15 minutes; the exact heights of high an1l low water; the direction and velocity 
of the wind; the state of the weather, including barometric readings. He would have the series 
continued for some months, or rather, years. 

Samuel Colcpresse. From observations made at and near Plymouth in 1667, Colepresse arrives 
at the following conclusions: :t 

Tho diurnal tides, from about tho latter end of March till the latter end of Septmnhor, aro about a foot higher 
in the ovening than in tho morning, that is, in eYery tide that happens aftor noon and before midnight. On tho 
contrary, tho morning tides, from l\liclmolmas till Lady-day in March again, are constantly higher by about a foot 
than those that happen in tho evening. Ancl th ill p1 oportion holds in both, in the intcrmeuiato times of incrcnso 
arnl tlocronso. Tho highest monihly llpring tide is always tho thircl tidn after the new or fnll 1110011, if a cross wind 
do not oppo!!o tho water, al! tho north-east or north-west UHnally does. Tho highest spring!! make the lowest ebbs. 
Tho water neither flows nor ebbs alike in respect of equal degr<'e8; but its velocity inereases with the ticle, till jut1t 
at mid-water or half Hood, at which time the velocity Is strongest, and HO decreases pro11ortionahly till high water 
or full sea. As appears by tho following scheruo, collected from ohservntioull made at several times a111l places; 
which, though taken at Plymouth Haven, where even the water usually risen about llixteen feet, yet it may indifforently 
serve for other placos, where it may rise as many fathoms, or uot so high, by a proportional ad<litiou or lluhtraction. 

r I hr. 
I 2 

Time of flowing. i ~ 
l~ 

Height. 

r feet 6 inch. l 1· 1 hr. 
2 6 I 2 

! ~ ~Time of ebbing. ~ 
2 6 JI I s 
I 6 l 6 

II eight. 
I feet 6 inch. 
2 6 
4 0 

4 0 
2 6 

6 

It will be Sl'en that Colepresse was familiar with the diurnal inequality in the height of high 
water and knew that if for one half of the year higher high water fall in the evening, say, for the 
other half it would fall in the morning. 

flf we use the letters ~ to mark such lunitidal intervals as give a higlier high or lower low 

water when ar>plied to an upper north or lower south transit of the moon, then the truth or 
a lower north or an upper south 

falsity of statements like the above may be ascertained by the following rule wliiclt is an obvious 
consequence of the equilibrium theory of tides: 

Wh th . t l . k 1 th t ·a . t noon+ interval ' l k . th en em erva Is mar e< a e grea tI e Is nearer o midnight+ interval o c oc m e 

summer 1 If , tl t midnight + interval , 1 •k 
win te1· ia -ye,tr ian ° 11oon + interval 0 c oc · 

When the interval is marked b the reyerse is true. 
By great tide is here m<'a11t tbe higl1er high or the lower low water.] 
His table shows the rise and fall for each hrnar hour reckoned from the times of low water 

aud of high water, the tide having a range ot' 1G feet. 
Henry Philips§ draws a circle whose circumference is divided into 12 equal parts representing 

the 12 hours of transit of the moon. TLe diameter upo11 which these points are projected has 
written upon it the values of the interval which correspond to the several hours of transit. These 
arc got, not from ob~ervatio11s alone, but by assumi11g that the variation in the interval follows 
the law of i,;ines so that, the diameter's length representing the (•xtreme observed variation, equal 

·---·-·-- ·-·-

• "Considoratious and Inquiries concernin~ Tides," Phil. Trans. (1666) [Vol. I, pp. 298-301]; Ahr., Vol. I, 
pp. 113-115. 

I Lalande, Astronomie, Vol. IV, p. 36, describes u somewhat elaborate box gauge propose1l in ahont 1675. 
t "Titles ohRen·e1l at Pl~·m1mth," Phil. Trans. (16G8) [Vol. II, pp. fi32-634]; Ahr., Yo!. I, p. 227. 
~ "Timo of tho Tides ob1:1on·ed at London," Phil. Trans. (1668) [ \' ol. III, pp. 656-65U]; A hr. Vol. I, pp. 239, 240. 
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divisions upon it represent equal times.• He is wrong in assuming that the longest interval 
corresponds to the zero or twelfth hour of transit and the shortest to the sixth. This was pointed 
out by Flamsteed, the first astronomer royal, about 15 years later. Ile says that Philips 
''was certainly the first that brouy;ht the inequality to a rule." t Philips says that by changiug 
the values written upon the diameter, the same construction is applicable elsewhere. 

Capt. Samuel Sturmy. From the extract given below describing the tides in Hong· Road, near 
Bri::>tol, it will be seen that Sturmy as well as Colepresse was familiar with the phenomenon of 
high·water diurual inequality, and knew that if for one half of the year the higher high water fall 
in the evening, say, for the other half, it would fall in the morning; he knew, moreover, that this 
inequality is independent of the springs a11d neaps. t 

Concerning our diurnal tides, we observe, that from about the latter end of March till the latter end of Septem­
ber, they are nbont t foot 3 inches higher in the evening than in the morning; that is, when high water happens 
after the sun is past the meridian, or in the tides between noon and midnight: But from lllichnelmas till Lady-day 
we find the contrary, the day tides beiug in that season higher by 15 iuches than the night tides, or the tides between 
ruiduight and noon. Aml thi8 proportion bolus in both, after the gradual increl18e of the tides from neap to the 
higlw~t. spring, and the like decrease of their lleight till neap agaiu. As for the highest menstrual spring-tide, it is 
alwayH the tllird after the full moon or change-day, if it be not kept back by north-east wintls. 

Stnrmy gives n taule, similar to that given by Colepresse, showing the rise and fall in Hong. 
Road, near Bri::>tol. He then describes tlie ''boar" in the Severn. 

Iu the Severn, 20 mileR above Bristol, neur ::\'cwnham, 160 mileH from the river's month (Lund~·,) tho head of the 
flood, in spring-tides rises in height liken wall near nine feet high, and AO runs for many miles together, coveriug ut 
onc<1 all the Hhoals which were dry before; nt which time ,uJl vesHClls that lie in the way of these head tides, or bonrH, 
as tlley are popularly called, uro commonly overset, or carried upon the banks; and the head of the tide being past, 
such vessc!H nre left dry again. It 11ows there but 2 hours and 18 feet in height, and it ebbs ten hours. The reason 
of tile saitl boar is don btless the straightening and Bhoaliug of tile ri\•er in that place, it being there but half a mile 
broatl; as it is but 20 perches over three miles higher, running tapering to Gloucester. 

84. Joseph Childrey. Childrey does not agree with Wallis in the mistaken notion that the 
highest tides happen about Allhallowtide and Candlemas. He says that English seamen, as a 
rule, believe them to occur uear the equinoxes. He thinks that Wallis's November high tides must 
have l>een due to freshets. After giving numerous instances of remarkably high tides when the 
moon was in perigee, from the year 1250 to 1G69, he says:§ 

Further, whnt inclines me to believe that the perigmosis of tho moon is of some concernment in this matter, is, 
because it is a maxim among our KentiRh scumen, thnt thBy never l1ave two running spring tides (as they call tht>m) 
together, but that tho next spring tide, after a higll running spring, is proportionnbly weak and slack; which, if 
true, is very correspondent to my opinion, because, if the moon be in Jlerig11'0 at this spring tide, she will be in 
npog:~o ut the next. 

But I conceive the best touchstone to prove the<Sounduess of my opinion is, to have it observed, whether those 
11eap-tides be not nppnrently higher that llappen at the moon's being in porigreo either at tile first or last quarter: 
because it is a recei\·ed and demonstrable truth in nstronolll~', that the moon being in perigmo at either quarter, 
comes then nearer the ea,rth tllun when it is iu pt"rigreo at the change or full. 

Assuming the tides to be due to the rotary motions of earth and moon (i.e., Wallis's theory), 
Ohildrey evidently believes that the parallax inequality occurs wit.h the ueap tides as well as with 
the spring; and, moreover, that such inequality is affected by the moon's phase. This virtually 
infers au inequality in the parallax effect, whose period is the synodic period of the anomalistic 
month and the half synodical month, or about one· half of 41~ days; this is the inequality due to 
the evectiou. Its effect, however, is quite the reverse of what be surmises it to be,1J owing to the 
wrong astronomical notion which he entertains, and which was generally received before it was 
supplanted by the hypothesis of Horrox.~] That is, the parallax inequality in height is really 
increai,;ed in the syzygies and diminished in the quadratures.0 

•Sell P1~rt III, ~~ 2, 47, nm\ 'l'ahle 2·1. 
t l'hil. TrauH. (1682 or 168:{) [Vol. XIII, pp.10-13]; Abr. Vol. 2, pp. 555-557. 
l "Ti1l••s observed in Hong-Hoad, four Miles from llristol.'' Phil. Trans. (16fl8) [Vol. III, pp, 813-817]; Abr., 

Vol. I, pp. 2!10, :!!Jl. 
~ "A11ima1lYCrHions on Dr. WnlliR's Hypothesis allont the Flux and Reflux of the Sea." Phil, Trans. (1670) [Yo!. 

V, pp. 2U(il-21Hi8]; Ahr.\' ol. I, pp. 516-520. 
II See Tables 1 aurl 3·1. 
~See Wlwwell'H llistor~· of Imlnetive Sciences, Vol. I, p. 457. Also Flumsteed's letter, Phil. Trans. (1675) [Vol. 

X, pp. 868-870]; Ahr., \'ol. II, pp. 220, 221. AlMo Gotlfmy, Lunar Theory (1885), p. 113. 
**See Tables 2 and 84. 
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John Flamstecd (1646-1719). Flamsteed published (in the Philosophical Transact.ions) a tide 
table giving the times of high water at London Bridge for the year 1G83, and cont.inued its 
publication for several succeeding years. 

He corrects Mr. Phillips\; table from observatious which he caused to be made. 
In his descriptiou of the 1G1:i3 table he says:" 
Hitherto our tide-tables h:we onl.r showed the tillln of that one high-water which next follows the moon's 

southing; but in this new ta hie I ha Ye given the times of both ..•. 
This table may be re<lnced an1! made to scn·e for any other port of his majesty's dominions urn] ndghbouring 

countries, by only subtracting or a1lding so much time to the bigh·watcrs noted in it, as the high-water observed in 
the sai1l place shall be found to precede or follow tlrn time of the bigh-water the sanw day. For b~· 1rnch accounts 
as I have met wit.11 alHl receh·cd of the ti1lcs in rellloto places, I li111l there is eY<'ry where, about England, the same 
difference between the spring arnl neap-tides, that is here observed in tho rh·or Thames. 

I could easily hav" made and gh·en you a talJle for tl1is reduction, if I Jure ha,·e rcliell on tho account our 
mariners give of tho tidPs in other ports; but I find tlll'ir ;,pinions different, except whore they have copied from 
each other in their calernlan1; by reason of the af'oro-meut.ione1l difference between the times of the moon's sou things 
and the true high-waters; for which reason I forbear it, till further experience shall hll\'O informed ns better. 

About a year later Flamsteed pnblishe<l a table of tidal differe11ces to be applied to the 
London tides. t Thi:; is probably the earliest known table of tid<~l differences. 

80. Dr. Rrlmuud Halley (1657-1742). 
Halll'y uotes the connection of the 1110011':-i decli11atio11 aud the titles at '1'011qui11, which Francis 

Da\'euport's ohservatio11s hall shown to be diurnal in their character. Bnt the law which he pro­
poses for ascertaining the height of high or low water for various longitudes of the moon, is 
obviously iuconect. He says: :j: 

The effect of the moon on the waters in tlw production of the tides in the port of Tonqnin is the more sur­
prising, as it seems different in all its eircumst.ancn8 from the ge1wral rule, whereby the motion of the sea iH 
regulated in all other parts of tho world that I h:t\'e yet heard of. For first, each flux iB of about 12 hours 1l11ration, 
and its correspondent reflux as long; so that there is hut one high water in 2-1 hours. Then there arn in each month 
two intermiseious of the tilles, nbont 14 da~·s asunder, when thern is no sensible llooll or rising of the waters to he 
ohserve<l, but the dea is in a manner staguant. Thir1ll~" that the increase of the water haH its U days perio1l 
between the aforesaid intermissions; and at 7 <lays crnl makes the highest tides; from which time the water again 
gra1l11ally abattts, and the flood is wenker till it comes to a stagnation, both increase and <lccrense observing tbe 
same rnle in being exceedingly slow in their beginning nnd end, and swift in the middle. Lastly, and which is most 
strange, the rising moon in the one half of each month makes high wnter, and the setting moon in the otlwr half. 

These pnrticnlars considered, together with the tables showing the days of the water's stagnation in each 
month, gave me a light into the secret of this strange appearance, so as to be able t.o bring the hitherto unaccountable 
irregularity of these tides to a certain rule. And first it appenrs that the intermiHsions of the tides happen nearly 
on those <lays that the moon enters the signs of Aries arnl Libra, or pnsses the equinoctinl, which tlivides the moon's 
course nearly into two e11ual parts, as well as the sun's; and from lrnnce it follows, tlrnt the tropical moons in§ and 
't.l, are those which occasion the greatest flux arnl rellux.~ It also appears thnt the moon in northern signs 
brings in tho 11oo<l, whilst !!he is abovo tho horizon, so as to make high water at her setting, and on the contrary, 
that whilst she is in southern signs, it flows all tho timo t!:o 1110011 i8 below the horizon, and so makes high water at 
her rising. llnt it is to be obse~\·ed, that though tho moon paMs swiftly from south to north when she is in or near 
')", and from north to south when in or near~, yet the 111otio11 of the sea, which is the cause of this tido, is scarcely 
dis~ernihle for 3 or 4 days, when the moon passes tho sai1l eqniuoctial poiuts; whence it appears, that though the 
declination of the 1110011 he that whereb~· these tides nro re;;nlated, yet the increase and decrease of the water is 
by no rne:ins proportionate to that of her declination, that changing swiftly, whero tho increase of the water is 
obscrrn1l to be most slow. It seems therefore, and 1 propose it as a probable conjecture, that the incrense of the 
waterH should be always proportionate to the vcrso1l sines of the doubled distances of the moon from the equinoctial 
points. 

In the same discussion he suggests the existence of an inequality in the ''spring range" 
(i.e., gl'eat tropie range) dependent upon the obliquity of the lunar orbit to the plane of the earth's 
equator.II He says: 

There is yet. another thing well worth inquiry, viz. seeing that this motion of the sea is more or less, as the moon 
is farther from or nearer to tho equinoctial, it is not unlikely that some years may have nmch higher spring tides 

•"A correct Tide Table, showing the true Times of tho High-waters at London Bridge, t.o every Day in the Year 
1683," Vol. XIII (1682-83) [pp. 10-15]; Ahr., Vol. II, pp. fi55-557. 

t Phil. Traus. (168:3-8-1) [Vol. XIV, pp. 458-16'.!]; Abr., Vol. III, Jl. 3. 
t "A Theory of tbe Tides at the lfar of Torn1ui11." Phil. Trans. (1684) [Vol. XIV, pp. 685-688]; Abr., Vol. III, 

pp. 67-6U. 
§ See nllller Strabo; also ~ 7. 
II See Part III,§§ 48, 4U; also Tables IO, 13, U, am! 32. 
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than otlrnrs, 1ic1·onling to the various obliquity of the moon's orbit to the equinoctial; for when the ascemling nocle 
i>1 in 'Y, as it waH anno 1671, am! will be anno HlflO, t.he moon in § and VJ deviates from the cc1uator full 28~0, and 
but 18~0 when tho same node is in~, ll8 it will! anno 1680. 

In the year 16ll7 Halley calls attention to the excellence of Newton's Principia in explaining 
the cause and phenomena of the tides.• He notes that the moon's disturbing force would cause 
the spherical surface of the ocean to become spheroidal; that sun and moon have similar effects; 
that spring tides correspond to new and full moon, and 11eap tides to the quarters; that equinoc­
tial spring tides are, ca:tcri.~ paribus, the highe8t, but that the nearness of the sun in the wii1ter 
displaces them somewhat, making them in February and October; that there should generally be 
a diurual inequality; that tidal inequalities should have an age; and that even diumal tides, like 
those at 'roll(1uin, may be accounted for. 

SG. The preceding pages show the diversity of views concerning the cause of titles and tidal 
currents entertained before the law of gravitation was established. Among those described or 
alluded to are: The discharging of rivers into the sea (Tim:eus); winds, set up by the sun or moon, 
striking the water (Aristotle, Heraclides, Seleucus); ho1lily oscillations of large bodies of water 
within the earth (Plato); the surface of the sea being on a slope (Eratosthenes); vapors surround­
ing the moon (Strabo); submarine caverns; the breathing of au earth auimal (Apollonius); water 
increasing with the waxing 1110011 (Pliny); sympa.thy whereby the moon attracts moist bodies; 
rarefaction of the water caused by the moon or sun; occult qualities of the moon; westward diur-
11al motion of the primmn mobile; the vortex theory (Descartes); a whirlpool off the coast of Nor­
way; the absolute motion of a fixed point 011 the earth's surface uot being uniform at all times, 
thereby setting up a variable ce11trifugal force (Galileo, Wallis); and the heat of the suu. 

Some of the other 11otio11s which have been advanced to explain the phenomenon of the title 
are: U ncqual depths causing diverse densities in the water; submarine heat, fermentations, UIHl 

vapors; a libratio11 of the earth; and the force of rays of light from the sun and moon. 
l\fore particulars alo11g this line are given by H.iccioli, Lalande, Peschel, Huge, aud Uiinther. 

--------------------------------------·---------
•"Tile trno Theory of tlrn Titles, extracted from Mr. Isaac Kowton'H treatise, entitle<l P!Jilo8ophim Katuralis 

Principia lllat!Jernatic:t; heing a Di8conrsci pre8ent"d with that Book to tho late King .Jamos." Phil. Tm.us. (1697) 
[Vol. XIX pp. 445 et seq.]; Abr., Vol. IV, pp. 142-J.l!l, 



OHAPTER VI. 

NEWTON TO LAPLACE. 

Rir Isaac Newton (1642-1727). 
87. Before referring to Newton's work upon tides it may be well to state some of the conse­

quences of the law of gravitation when applied to certain astronomical questions which have a 
direct bearing upon the subject. In Propoi:1ition LXVI, Book I, of the Principia, the disturbing 
force of a third body is considered. Applying his results to the case of the moon as disturbed by 
the sun we obtain the following: ' 

The moon's motion is by the action of the sun retarded while in the first and third quadrants, 
but accelerated while in the second and fourth (Cor. 2). 

Ga:terfa paribus, the moon moves more swiftly in the syzygies than in the quadratures (Cor. 3). 
Occteris paribus, the moon is nearer to the earth in the syzygies tllan in the quadratures (Cor. 5). 
The line of apsides advances in the long run although its motion is at times retrograde. It 

advances most rapidly when the line of apsides is in syzygy and most slowly when in quadrature 
(Cor. :1, 7). 

The eccentricity of the moon's orbit will be the greatest when the apsides are in the syzygies, 
and least when in the quadratures (Cor. !J). 

The nodes being either stationary or having a retrograde motion, will for any revolution of 
the moon be carried backwardl'I (Cor. 11 ). 

The disturbing force of the sun is a little greater at conjunct.ion than at opposition (Cor. 12). 
The disturbing force of the sun is, very nearly, inversely as the cube of its dhitance trom the 

earth's center (Cor. 14). 
The action of the sun upon the redundant matter in the equatorial regions of the earth will 

cause the equinoxes to be carried back\vards (Cor. 20). 
In Proposition LXXI, Book I, it is shown that the attraction of a spherical shell upon an 

external poi11t is the same as if all matter of the shell were collected at its center. 
From the construction given in Proposition XXV, Book III, it follows (considering the great 

distance of the ~mn) that at the quadratures the disturbing force of the sun upon tile moon js 
directed towards the earth, but at the syzygies the disturbiug force is twice as great and is 
directed from the earth. 

In Proposition XX VIII, Book III, it is found that the moon's distance from the earth in the 
syzygies is to its distance iu the quadratures (setting aside the consideration of the eccentricity) 
as u!.l to 70, very nearly. 

In Proposition XXXII, Book III, the mean motion of the lunar nodes is 19° 18' 1" 23"' per 
sidereal year; ancl in Proposition XXXIX the precession of the equinoxes due to both moon and 
sun is very nearly 50". 

Newton regards the tide in three different ways: 
First. Book I, Prop. LXVI, Cors. 18, rn, a kinetic theory or hypothesis. The motion of a 

particle of water re.volving with the earth about a fixed axis is disturbed by an extraneous body, 
just as the moon revolvlr1g- about the earth is disturbed by the sun causing the inequality of 
variation. This necessitates low water a11d maximum eastward velocity :with respect to the fixed 
surface of the earth) at the time of upper or lower transit; also high water arul maximum west­
ward velocity at moonrise or moonset. For, supposing an analogy to the moon's \'ariation, the 
particle becomes a little nearer to the earth's center, and moves a little more rapidly (in space) as 
the body nears meridian. He makes no attempt to apply this theory to observed tides.• 

"Prof. J. Cballis, in "A mathematical theory of tides," Phil. :\lag., Vol. 3!J (1870), pp. 31, 32, <loe8 not belie,·e 
that thiB hypothe8is of Newton's necessitates low water at the tinrn8 of transitB, hnt rather high water. Challis 
erroneously assumes that the time of the title <lependB upon the vertical forces msteud of the horizoutul. Cf.~ 41. 
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Second. Cor. 20. His next hypothesis is that (disregarding friction, etc.) high water occurs 
wl1e11 the disturbing vertical force is zero, instead of when its value becomes a maximum, as in 
the uncorrected equilibrium theory. This occurs about three hours before or after the transit 
of the tidal body. He assumes that friction may retard the times of the tides somewhat and 
that "the motion of ascent or descent impressed by these (astronomical) forces may by the vis 
insita of the water continue a little longer or be st.opped a little sooner by impediments in its 
channel." 

'Third. Book Ill, Prop. XXXVI, an equilibrium theory or hypothesis, in which the density 
of the earth is that of water. 

88. In Propositio11 XXlV, Book III, Newton treats of the principal phenomena pertaining to 
tides. He says: 

"By Cors. l!J and 20, Prop. LXVI, Book I, it appears that the waters o.f the sea onght twice to riso und twice 
to fall twcry da~-, as well lunar as solar; and that the greatest height of tho wut.ers in the open and deep nous onght 
to follow tlw appnlse of the luminaries to the meridian of tho place by a lcst1 interval thnn 6 hours; as happens in 
nil that. en8tem tract of the Atlantic und ..Etlliopic ~eus between Fra11ce and the Capt! of Good Hope; and on the 
coasts of Chili and l'cru in the South Sea;" in all which shores tlrn flood fulls out about the second, third, or fourth 
hour, unless where the motion propagated from the deep ocean is by the shallowness of the channels, through 
which it pusses to some particular places, retarded to the fifth, sixth, or Hoven th hour, and even later. The hours 
I reckon from tho uppulse of each luminary to the moridiun of the place, as well under as abovo the horizon; 
ant! uy the hours of tbe lunar day I understmul the 24th prirts of that time which the moon, by its ripparent 
diurnal motion, eruployH to come o.hout again to tho meridian of the place which it left tho duy beforo. The force 
of the sun or moon in raising the sea is greatest in tho appnlse of the luminary to the meridian of the pince; but 
the force improsscd upon the sea at that time continues a little while after the impression, and is afterwards 
increased by 11 new though less force still actiug upon it. This makes the son rise higher and higher, till this new 
for<·e becoming too weak to misc it all,\' more, the sea rises to its grl'atest height. And this will come to pnss, 
perhaps, in one or two hours, but more frequently near the shores in about three hour1>, or even more, where tbe sea 
is slrnllow. 

Tho two luminaries excite two 111otions, which will not nppetir distinctly, but botweon them will arise one mixed 
motion compounded ont of both. In the conjnnction or opposition of the lnmitHtries their forces will he conjoined, 
an<l bring on tlw grnntest floo<l ulHl obb. In the quadratures the sun will raise the waters which th(l rnoon depresses, 
und depress the waters which the moon raises, and from the difforenco of their forces the smallest of nil tides will 
follow. And because (as experience tells us) the force of the moon is greater than that of the sun, tho g1·eatcst height 
of tho waters will happen about tho th ir<l lunar hour. Out of tho s~·zygics an<l qu1ulrntures, the greatest tide, which 
hy the single force of tho moon ought to fall out at the thir<l lunar hour, uncl by the single force of tbe sun at the 
third solar hour, by the compounde<l forces of both mnst full out in nu inkrmcdiato timo that approaches nearer to 
tho third hour of the moon than to that of the 111111. And, therefore, while the moon is passing from the syzygies to 
the <pllldratnrrs, during which time the 3<1 hour of th<i 81111 precedes thti 3'1 hour of the moon, the greatest height of 
tile waters will nlso prcce<lo tho 3<1 hour of tho moon, and tbat, by the greatest intervnl, n little after the octnnts 
of tho moon; and, by like inten·uls, tho great.est tide will follow the 3d lunar honr, while the moon is passing 
from tlrn qnadratnres to tlw syzygies. Thus it happens iu tho open sea; for in tho mouths of rivers the greater 
tides come later to their height, 

Bnt the effects of the luminaries depend upon their distnuc~s from the earth; for when they are less distant, their 
effects are groator, aml wl1en more distant, their effects are loss, aml ,thnt in the triplicate proportion of their apparl•nt 
diameter. Therefore it is that tho sun, in the winter tim<', being then in its peri~ee, has I\ greater effect, an<l wnkcs 
tho tides in the syzygies something greater, and those in the qundraturcs something less than in tho summer seuson; 
un<l every month the moon, while in the perigee, raises greater tides than at the distance of 15 days before or after, 
when it is in its apogee. Whence it comes to pass that two highest tides do not follow one the other in two 
immediately succeeding syz~·gies. 

The dfect of either luminai·y doth likewise depend upvn its declination or distance from the equator; for if the 
luminary was plu<'e<l at the }!Ole, it wonlcl constantly attract all the parts of the waters without any intension or 
n·mission of its action, and conl<l cause no reciprocation of motion. And, therefore, ns tbe lurninnries <lechno from 
the e<1uator toward either pole, they will, by degrees, Jose their force, and on this account will excite lesser tides 
in tho solstitial than iu the equinoctial syzygies. Hnt in tho solstitial quadratures they will raise greater ti<lcs than 
in tho quadratures abont the nqnmoxes; bocuuse the force of tho moon, then situated in the equator, most exceeds 
tho force of the snn. Therefore the great!lst tides full ont in thoso syzygies, and the least in those qnudratnres, which 
lmppcn abont the times of both equinoxes: and tho greatest tide in the syzygies is always succc0<led by the Ion.et 
ttdo in the qun~lruturcs, as we fin<l b~· experience. llut, because the sun is less distant from tho earth in winter 
than in summer, it comes to pass that the greatest nn<l !oust tidos more frequently appear before than after the 
vornnl equinox, un<l more frll<JIHmt.Jy ufter than before the autumnal. 

Moreover, tho effects of t.he 111minurim1 dcpon<l upon the lntitudoil of places. t 

•To ascertain the amount of trnth in thesn stat<·ments, conRnlt a cotidnl chart. Tho cotidal hour diminished 
by the west longitmlo of the pince (in hours) will giYo its lunitidal intnrvul (in lunar hours). 

t Mottc·s translation, 1st Am. ed. 
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He then assumes, without proof, that the Rnrface of the sea takes the form of a spheroid 
whose axis points at the position of the moo11 three hours before the given time. He shows 

that the greater high water should follow au
1
npper nort,~ transit for places in north latitude, :111d 

· a ower soutu 
vice vcrsn for places in south latitude. This, in a general way, explains the diurnal inecpiality. 
ne adds: 

An<l the greatest 1liffcr1mce of the floo<ls will fall out about the times of the Holstices; especially if the ascen<l­
ing no<le of the moon is about the first of AriQ.~. So it is fonn<l by expcricnc<l that the rnorni11g titles in winter 
exceed those of the evening, and the ovening tides in snmnwr excce<l thos<1 of the 111orning; at Plymouth by the 
height of one foot, but at Bristol by the height of 15 inches, according to the observations of ColepreBB antl Stunuy. 

ThiR explains in a satisfactory manner the annual and nodal variation in the diurnal 
i11equality."' 

Co11tinui11g, Newton gives an explanation of the smallness of the diurnal inequality which 
seems to have passe<l 1111<1uestio11ed u11til the subject was investigate<] by Laplar.e: t 

Bnt the motions which we hav1i been <11·scribing si:fl'cr some alteration from that force of reciprocation, which 
the waters, being once moved, retain a little while by their 1.'iH illxila. \Vhence it comes to pas~ that the tides mny 
continue for sonw time, thongh the actions of the luminaries shonl<l cease. This power of retaining the improt;se<l 
motion lesAeut1 the <lifference of tho altt1rnate tides, a11tl makes those tides which immetliatd~- Huccced after the 
syzygies greater, and those which follow next after the qua<lratures less. An1l hence it is that tht• alternate ticles at 
Plymouth and Jl1·i8tol do not differ much more one from the other than by the height of n foot or 15 inches. :uul that 
the ~re:itest tides of all at those ports are not the first but thP third after the syzygi<'B. Antl, besides, all the 
motions are retar<le<l in their passage through t1hallow channels, so that the grenteAt tides of all, in Home straits 
and mouths of rivers, are the fourth or even the fifth after the syzygiPs. 

Farther, it may happen that the tide may be propagate<l from the ocean through different channels towards 
the same port, and may pass c1uicker throngh eome channels than through others; in which case the Hauw title, 
divided into two or more succeeding one another, may compound new motions of different kinds. Let u~ suppose 
two equal tides flowing towards tl1<1 same port from ditfernnt placeR, the one preceding the other by six honrs; and 
suppose the J;rst tide to happen at the third hour of the appnlso of Urn moon to the meridian of the port. If the 
moon at the time of tho uppulse to the meri<lian was in the equator, every six hours nlt.crnat"1y there woulcl nriso 
equal floods, which, meeting with as many equal ebbs, woulcl so balance oue the other, that for that day, the water 
would staguate antl remain quiet. If the 1110011 then tleclinetl from the equator, tho titles in the ocean would be 
alternately greater and less, as was sai<l; and from thence two greater and two lesser tides wonl<l be alternately 
propagated towards that port. But the two greater f1001ls would make the greateAt height of tho waters to fall out 
in the middle time betwixt both; and tho greater and lesser floods would make the waters to rise to a mean height 
in the mi<ldle time between them, uud in tho mitl<lle time between the two lesser floods the waters wonl1l rise to 
their least height. Thus in the space of 2-1 hours the waters would conw, not twice, ns commonly, but once only 
to their greatest, and once only to tlwir least height; and their greatest height, if the moou <lecliued toward 
the elevate<! pole, wouhl happen nt the Gth or 30th hour after tho appulse of the moon to the meri<lian; an<l when 
the moon chnuged its <leclination, this flood would be changed into an ebb. An exumple of all which Dr. Halley 
has ~iven ns, from the obscrvntious of seamen in the port of JJaiBltam, in tho king<lom of Tu11q11i11, in the lntitnde 
of 20" 50' north. In that port, on the day which follows after the passage of the moon over the eqnntor, the waters 
stagnate: when the moon declines to the uorth, they begin to flow und ebb, not twice, as in other ports, but once 
ouly every tlny: 1111d the 110011 happens at the setting, nn1l the greatest ebb nt the rising of the moon. This tide 
increuses with the declination of the moon till the 7th or 8th day; then for the 7 or 8 days following it decreases 
at tlrn same rate ns it bad increased before, and ceases when the J110011 changes its dechnatiou, crosHing over the 
equator to the south. After which the flood is immediately changed into an ebb; nml thenceforth tho ebb happens 
nt the setting and thn flood at the rising of the moon; till the moou, again pnesing the c111rntor, changes its decli­
nation. There nre two inlets to this port aml the neighboring channels, one from the sens of Clti11a, between the 
cont.inent and the island of Le11co11ia; the other from the.£111/ian se1i, between the contineut nod the island of Borneo. 
But whether there be really two tides propagate<l through the sai<l channels, one from the Indian sen in the space of 
12 hours, and one from the s1•n of Cltina in the space of 6 hours, which therefore happening at the 3d and 9th lunar 
hours, b)· being compounded together, produce those motious; or whether there be nny other circnmstnnces in the 
stnt<1 of those seas, I leave to be <letermiuetl b)· observations on the neighbouring shores. 

Thus I have explained the causes of the motiona of the moon nud of the sea. Now it is fit to subjoin Aomething 
concerning the quantity of those motions. 

In the next proposition,:j: it is shown that the disturbing· force of the sun upon the moon at 
quadrature is the 1 /6380!l!Nl part of the force of gravity at the earth's s11rface, this Leiug· one half 
its value at syzygy. 

~See Tnhle 32. 
t Cf. WalliH, Phil. Trnn8. ( 1666) [p. 275]; A br. Vol. I, p. (Hi: "Thongh the next tide have uot the same cause 

also, the impetus contmeted will have influence upon the next tide." 
I Bk. III, Prop. XX Y. 
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SD. Proposition XXXVI, Book III, resumes the question of the tides, and begins by passing 
from the snn's disturbing force upon the moon to the force tending to move the sea. 'l'his is the 
first attempt at a quantitive dete1·mination of tlrn tidal forces and constitutes an important laud­
mark in the development of the subject. He uses the sun rather than tho moon becau~e the ratio 
of the 11rnss of the moon to that of the earth was then an unknown qnaut~ty. 

But, desce111li11g to the surfa<"e of the earth, these forces are diminished in proportion of thll distan1·cs fro111 
the <"entro of thl' earth, that is, in the proportion of 60! to 1; n111l therefore tl10 former force on tho earth's surface 
is to tho force of gravity nH 1to38 60-1600;~ nnd hy this force the sen is depressed in sueh places as arc !JO degrel's 
distant from t.hc sun. But by the other force, which is twice as great, the sen is misecl not only in ·the plal'es 
directly under tlie sun, but in those also which are directly opposed to it;! and the sum of these forces is to the force 
of gradt~· as 1to12 868 :WO.! And because the same force excites the same motion, whether it depresses the waters 
iu thostl places which are 90 llegrees distant from the sun, or raises them in the places which aro directly u111ler and 
directly opposed to Urn snn, the aforesaid snm will bo the total force of the Run to disturb the sea, antl will have tho 
Baille effed mi if tho whole was omplo~·ed in raising tho sea in the places directly under and directly opposed to the 
sun, an(l tlill uot act nt all in tlrn 11laces which are !lO degrees removed from the sun.~ 

And this is the foroo of the Hun to disturb tho sea in any gh·en place, "·hero the sun is at tho same timo both 
vertical, arnl in its mean distance from tl.10 earth. In other positions of the s1m, its force to raise tho sea is as tho 
versed sine of double its altitude above tho horizon of tho place directly, II and the cube of the distance from the 
earth reciprocally. 

Cor. Since the l'entrifngal force of tho parts of the earth, arising from the earth's diurnal motion, which is to 
the force of graYity as 1 to 28!l, raises tho waters under the c11uator to 11 height exceeding that nuder tho iioles by 
85 472 l'aris feet,~ as above, in Prop. XIX, tho force of the sun, which we have now shewed to be to the force of 
grnYity as 1 to 12 868 200, 11111! tl1<·rcfore is to that cPutrifugal force as 289 to 12 868 200, or as 1 to 44 527, will be able 
to rnise the waters in tho placl'S dirnctly under au1l directly opposed to the sun to a height exceediug that in the 
places which arc 90 degrees n•moved from the snn only by one l'm·is foot aml lllu inches; for this measure is to the 
measure of g;; •1i2 feet as 1 to 4·1 f>27. 

'l'he next proposition, entitled "To find the fon·e of the moon to move the sea," and in which 
further quantiti,·e results are obtained, is as follows: 

Tlw force of tlrn moon to move the sea is to be deduced from its llrOportion to the force of the sun, :tll(l this 
pro port ion i1:1 to be collcctotl from tho proportion of the motions of the son, whid.1 are the effects of thoso forces. 
Before tho mouth of tho river Al'011, throe miles below JJriBlol, the height of the ascent of the water in the vernal and 
antunmal s~·zygies of the luminaries (by the observations of Sa.ni1wl St11rm.y) amounts to about 45 foet, but in the 
quadratures to 25 only. The former of thoso heights arises from tho ~11111 of the nforesuhl forces, the Jatfor from their 
difference. If, therefore, S and L are Hupposed to represent respectively the forces of the sun nnd moon while they 
are in tho equator, as well as in their mean distances from the earth, wo shall h1n·e L + S ti) L-S as •15 to 25, or us 
!J to 5. 

At l'ly111011th (by tho observations of Samuel ColcJ11'CBB) tho tide in its menu height rises to about 16 feet, nnd in 
tl1e spring and autumn the height thereof in the syzygies may exceed that in the quadratures by more than 7 or 8 
feet.. Suppose tho greatest differenoo of those heights to ho !l foot, aud L + S will be to L-S as 20~ to 11~, or ns 41 
to 23; a propoi-tiou that agrees well enough with the former. Bnt because of tho great title at llrislol, we nre rather 
to depeutl upon the observations of St11r111y; and, therefore, till we Jlfocure someth!.ng that is more certain, we shall 
use tho proportion o( !l to 5. 

But bee1iuso of the reciprocal motions of the wators, the greatest tides do not 1111.ppen nt tho times of the 
syzygies of tho luminnrios, but, us we have suitl before, are tho third in order after the syzygies; or (reckoning 
from tho syzygies) follow next after tho third nppulso of the moon to the mericlinu of the placn after tho syzygies; 
or, rather (us Sl11rmy obsen·es) are the third after tho day of the new or full moon, or ruther nearly after the twelfth 
hour from the new or full moon, antl therefore fall nearly upon the forty-third hour after tho new or fnll of the moon. 
But in this port they fall on t about tho seventh hour after tho appulse of tho moon to tho meridian of tho place; nncl 
therefore follow next after tho appulse of the moon to tho meridian, when the moon is distant from tho sun, or from 
opposition with the sun by about 18 or l!l degrees in co11scq11e11fia. So the summer and winter seasons come not to 
their height in the solstices themselves, bnt wlwn the sun is udvauced beyond the solstiem• by about a tenth part of 
its whole oourse, that is, by about 36 or 37 1legroos. In like mauner, the greatest tide is raised after the nppulse of tho 
llloon to the meridian of the place, when tlrn moon has passed by the sun, 01• t!tc opposilio11 tltereof, by about tho tenth 
part of tho whole motion from one f/1·c11tcBt ticle to lite next followi11!J yreatcBt tide. Suppose that distance about 18~ 
degrees; and tho sun's force in this clistanoo of the moon from tho Hyzygies mul qundru.t.ures will be of loss moment 
to augment and diminish that part of the motion of tho s"a which proc<'mls from the mot.ion oft.ho moon than in tho 

-·----------·----- ---·--------
* :'18 (i04 600 = 638 092•6 x 60!. 
t Nowton here substitutes the simple equilil.Jrium hypothesis for the 0110 previously entertained. 
t 12 ~68 200 = 38 604 600-;- :~. 

~I. e., this force corresponds to tho rango of solar tide. 
II The snn is supposed to move in the p laue of tho 011 nator and tho observer to bu Ioetitetl upon the equator. Seo 

note to ~ !J3. 
~ 1 Paris foot= b toise = 1 ·06!l75 foot= 0·3:!5 metre. 
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syzygies and qnarlraturos themselves in tho proportion of tl1e radius to tho co-sine of double this distance, or of an 
angl" of 37 <logrecs; that is, in proportion of 10 000 000 to 7 986 355; nnd, therefore, in the preceding analogy, in 
place of S we ;uust put 0·79863558. • 

Hnt farther; tho force of tho moon in the quadratures must bo diminished, on account of its declination from 
tho equator; for the moon in those quadratures, or rather in 18! degrees past tho quadratures, decline~ from tho 
equator \iy about :!3° 13'; and the fo1·c11 of either luminary to mo,·e the se1~ is diminished as it declines from 
tho equator ne:irly in the dnplicato proportion of tho co-sine of tho decli11atio11; ancl thereforn the forC'o of tho 
moon in those qua<lratures is only O·f;570327L; whence wn lia\'e L + 0·7H86355S to 0·8570327L-0·7986355S as !I to 5. • 

Farther yet; tho cliamotPrs of the orhit in which tho moon shoul<l move, setting aside tho consi<leration of 
eccentricity, are oue to tho other as G9 to 70; uu<l therefore tlio monn'H distance from the earth iu tho syzygies is to 
its clist:wce in the 1111a<lraturcs, cwtcris 11111·ib11s, as 69 to 70; arnl its distano<'B, when 18t degrees advanced beyond 
tlw Hyzygies, wlwre the i.rrcatcHt tide \\'as excite<!, and when 18~ degrceH pa"soll by the quadratures, where tllo least 
tidl\ was \1rnduce1l, uro to its nu':m distnnco as H!Joll!)87·17 nnd G9.897:ll5 to G!J.\. But tho force of tho moon to nwvo 
tho sen is in tho reciprocal triplicnto proportion of its di,t:mcr; and thcreforn its forces, in the greatest and least 
of those <listnuccs, are to its force in its mean distance as O·!JS:m.127 and t-(l17ii22 to 1. From whence we have 
1 ·<ll752:!L x 0·7\J8G8i'i5S to 0 !l830-l27 X 0·8570827L - 0·7\l863;;;;s as !l to 5; alHl S to L as 1 to 4··1815. Whernforn 
sin<·o the force of tho snn is to tho force of gravity as 1 to 12 868 200,. tho muo11's forcn will be to the force of gravity 
as 1 to 2 871 ·IOO. 

Cor. 1. Sincn tho waters excited by the imn's force rise to tho height of a foot an<l 11·.,\r inehcs, tho JU'Jon's 
for1·c will raiHe the s11111c to tho hei1d1t of 8 foet anti 7J·~ inches; and the joiut forces of both will raise the same to 
the licight of 101 feet; and when the moon is in its perigee to the lieight of 12t foot, and more, especially when tho 
wind sds the same wn.v as the tide. And a force of that quantity is alrnuclnntly sufiicient to excite all the mot.ions 
of the sea, and agrees well with the proportion of thos<i ruotious; for in such sea~ aA lie free nud open from east to 
west, as iu the /'ac(!ic Aea, and iu those tracts of the Atlantic and Ethiopic sea8 which lie withont tho tropics, tho 
waters commouly rise to G, 9, 12, or 15 feet; but in t.110 !'aciji1: sea, which iA of a greater depth, as well as of a larger 
extent, the tides are said to he greater th11n in the Atlrrntic und Eti1io)liC ;;cas; for to have a full tide raised, an oxt<'nt 
of sea from east to west is required of no l~ss than 90 degrees. In the Et/1iopic sea, the waters ri8c to a less height 
within the tropics t ban in the tempera to zones, hccanse of the narrowne8H of the sea he tween .·lfrica anti the south­
ern parts of Amm·ica. ln the middle of the open sea the waters oannot riHe without fulling together, aud ut tho 
same time, upon both tho eastern and western shores, when, notwithstanding, in our narrow seas, they ought to 
foll on those Hhoros by alternate turns; upon whil'h account thoro is commonly but a small flood and ebb in such 
islands as lie for distant from the continent. On the contrary, in some ports, where to fill ancl empty the bay8 
n.lternntolr the waters are with great violcnee forced iu and ont through shallow chan1JclH, the Hood and ebb nm~t 
be greater than ordinary; as at Plymouth uncl ChepBlow B1·idge in England, at tho 1110111Jt11ins of St. Michael, and the 
town of .111ra11clics, in Non11and!t, nnd nt Cambaia ancl Pe,q1i in the EaBt Indies. In tllcso }>laces tho sea is hurried in 
and out with snch violence, as sum<·timcs to lay the shores under wn.ter, sometimes to lea\'c them dry for many miles. 
Nor is this force of the influx and efllnx to bo broke till it bas raised and dcpresHed the waters to 30, 40, or !'iO foot 
and abovo. And a like account is to be given of Jong and shallow channels or straits, such as the Magellanio straits, 
and those ch1mm·ls which t>nYiron Englm1d. The tide iu such }>Orta and straits, by the violence of the influx and 
efflux, is augmented above measure. But on snch shores as lie toward tho deep and open sea with a steep descent, 
where the waters muy freely rise and foll without that precipitation of intlux and ofllux, the proportion of tlie tides 
agrees with tho forces of the sun and moon. 

Cor. 2. Since the moon's force to move the sea is to the force of gravity as 1to2871 400, it is evident that tllis 
force Is far Jess than to appear sensibly in statical or hydrostatical experiments, or even in those of pendulums. 
It is in tho tides only that this force shows itself by any sensible effect. 

Cor. 3. Because the force of tho moon to move the sea is t.o tho like force of the sun as 4··1815 to 1, and those 
for<"es (by Cor. 14, Prop. LXVI, Hook 1) ara as the densities of the borlies of the Hnn nn<l moon and tho cubes of their 
apparent dianrnters conjunctly, the density of the moon will bo to tho density of tho snn as 4·4815 to 1 directly, and 
the cube of tho moon's diameter to tho cube of the sun's cliametor inversely; that i~ (seeing the mean apparent 
diameters of the moon an<l snu are 31' 1Gt" and 32' 12"), as 4 891to1 000. But the density of the snu was to tho 
density of the earth as 1 000 to ·1 000; and therefore the density of the moon is to the density of tho earth as 4 891 to 
4. 000, or a>1 11 to 9. Therefore tho hotly of the moou is more dense ancl more earthly than the earth itself. 

Cor. 4. Auel since the tmo clianrntor of the moon (from the observations or astronomers) is to the tmo diameter 
of tho cartli as 100 to 363, the muss of matter in tho moon will lie to the mass of mutter in the earth as 1 to 39·788. 

!lO. Iu "'rhe system of the world" the tides are discussed somewhat as in the third book. 
The matt1•r is not arrnng('(l in formal propositions, a popular treatment of the subject having been 
the authm's intention at one time. 

He here calls attention. to tl1e illlpossibility of the lnnitidal interval being of uniform length 

•Assuming that Newton i11, in all <'ases, dealing with equinoctial sprmg an!l noap tideR (i11Htl'ad of equinoctial 
syzygial tide!l), then oqniuoctial !lpring range: nqninoctial neap range =L + S: L cosi o - 8=9 :5, ()being tho mnon'H 
dol'\inution when at equinoctial quadrature (generally about 23~0 ). Tlie above a8sumpt.ion HMms justified in light 
of tlio snbsoqnent parallax correction!!; and so Kewton's proportion is orro11co11s in so far as the age of tho phase 
inequality is involved. Cf. Airy, Tides u1Jd Waves, Art. 17; Ferrel, Tidal Researches, Iutroclnction, 9 5. 
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across the Atlantic Ocean, because rise in one place necessitates fall in another; also to the fact 
that "the great11ess of the tides depends upon the greatness of the sea." 

Ile imagines a pair of vertical canals, one in tlrn axil'! of the tidal spheroid and the other 
perpendicular thereto, both passing through the earth's center. Then, knowing that the whole 
weight of the water in either canal or leg is proportional to the square of its length, and that the 
attraction Of the earth upon a particle at its surface is 12 8()8 200 times that of the Still U]IOn the 
sa111e particle, the square roots of 12 868 200 and 12 sns 200 + 1, or 12 868 201, are proportional to 
tbe two semiaxes of the tic1hl spheroid. '.L'heir difference thus found is n, or, more accnrately, 9} 
Paris inches. '.L'his is about two.fifths of the result given in Book III, because the mutual 
attraction of the disturbed fluid particles is ignored. 

Ile estimates tbat tbe moon's tidal force is Gk that of the sun, instead of 4·4815, as in Cor. 3, 
Prop. XXXYII, and so the ranges of tides are !l inches for the sun and 4 feet for the moon. He 
thinks that the theoreti<'al ranr,e of tide may be doubled or trebled because of the reciprocation 
(oscillatory motio11) in the motion of the waters. 'l'he mass of the moon here obtained is 1/29, 
instead of 1/3!Vi88, the result given in the third book. 

Demiel Bernoulli (1700-1782). 
91. In the year 17:38 the Acach;mie des Sciences at Paris proposed the problem of the tides as 

the subject of a prize essay. The prize was divided, in 1740, among Daniel Bernoulli, professor of 
anatomy and botany at Basel; Maclaurin, professor of mathematics at Edin burgh; Euler, professor 
of mathematics at St. Petersburg, and the Jesuit Antoine Cavalleri. The three first mentioned 
founded their theories upon the principle of universal gravitation, while Cavalleri adopte1l the 
Cartesian system of vortices (tourbillons), a system which most philosophers 11ad already aban­
doned because of Newton's more rational theory. 'l'he essays of Bernoulli, Maclaurin, aud Euler 
are to be found in Le Seur aud .Jacquier's edition of the Principia. 'l'hey bear the respective titles, 
"Trnitc sur le flux et reflux de la mer,"" De causa physica fluxus et relluxus maris," and" Inquisitio 
physica in causam 11uxus ac refluxus maris." 

Laplace has given a review of the essays of Rernoulli and Euler in the thirteenth book of his 
Mecanique Cfleste, aud Ferrel gives a similar review in the introduction to his Tidal l{esearches. 

Each of the three writers begins bis esi;;ay with some historical remarks on the subject. 
!l2. Bernoulli was the first to develop the equilibrium theory or hypothesis sufficiently far to 

give it a practical value in the prediction of tides; hence this theory is often associated with his 
name. He proceeds upon the follow in~ suppositions: 'l'hat for tillal purposes we may assume the 
undisturbed surface of the earth to be spherical, i. e., we may disregard the ellipticity of the 
earth's meridiau; that the earth is composed of concentric layers, any one of whi~h ha:;; a uniform 
density throughout; that either luminary causes the earth to assume the form of an ellipsoid of 
revolution whose axis points toward the center of the luminary; that the nucleus of the earth is 
practically rigid, and is surrounded by a homogenoous sea, shallow in comparisou with the radius 
of the earth. 

He determines the ellipticity of the tidal spheroid, and so the range of the tide (due to the 
sun), by imagining a vertical canal or well, directly under the body, cut to the earth's center, there 
communicating with a similar opening 90° distant from the first-an artifice employed by Newton 
in finding the effect of the centrifugal force at the earth's equator. He denotes the range of the 
solar tide by tJ and the lunar tide by o. Various theoretical values of the ranges are obtained 
upon assuming different laws for the density of the earth. Upon the assumption that the earth's 
density is uniformly that of water, Bemoulli finds fJ about 23 inches, or Newton's rmntlt. He 
regards this range too small to be consistent with observed tides. That most of his conclusions 
based on various assumptions as to density are erroneous may be seen upon comparing them with 
the following obvious considerations: If we give to the earth a certain mass arranged in concentric 
shells, the height of the tide is independent of the law of change of density along a radius. If, 
011 the other hand, we take for our estimate of the earth's mass, or mean density, a portion of 
surface material, water for instance, then the mass will, of course, be niuch affected by tbe assumed 
law of increase or decrease of de11sity from the surface toward the center. Consequently any law 
which assumes the density to decrease from the surface toward the center will give larger tides 
than upon the assnmptio11 of uniform density, and vice versa for a law which supposes an increase 
in density below the surface. Bernoulli reaches conclusions quite opposite to these. 
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93. In the fifth chapter of his essay Bernoulli finds that the fall of tide from high water is 
proportional to the square of the sine of the moon's 11our angle-the transits of the moon are 
assumed to occur at the time1; of high water."' [Of course n, similar rule obtains for the height of 
the tide (surface of the sea) reckoned from low water. To establish these rules, assume an ellipse 
of small eccentricity, and upon its major and minor axes as diameters describe circles; the 
departure of the ellipse (along a radius) from either circle whicll it touches is proportional to the 
si11e of tlie angle which the radius makes with tlie oue drawn through the point of contact. 'l'liis 
may be readily seen upon writing the polar equation of the ellipse referred to its center.) , 

After observing that the solar and lunar tides may be treated separately, because either 
produces but a small deformation in the figure of the earth, he gives an expression for the height 
of the combined tide. This height, when referred to mean sea level, may be written 

Height of tide=~ c - <J2C + ~ a - p2o (1G9) 

where rr is tbe sine of the hour angle of the sun and p the same for tbe moon. Ir m denote the 
siue of the angle uetween the sun and the moon, aud n the cosine, then 

p = m .;1.:..... 7-nrr. (170) 

.From the square of this equation pdp is readily obtained, <J being the variabk From the differ­
~ntial of the expression for the height, which must be zero at the times of high or low waters, 

c 
pdp = - Cf <Jd<J. (171) 

Equating the two expressions for pdp, we obtain as the value of <J at a high or low water 

<J= ± <~ ± ... ~-·)rr, 
, 2v4+A2 

(172) 

where 

A=·~ [m2
- n2

- -~-] Jllll 0 • 

Tbe value of pis the same as that of <J when A is replaced by B, which quantity is obtained from 
the expres:-;ion for A uy i11tercba11ging c and c~. 

Regarding the angle !Jetween the sun and moon as vanable, 

becomes a maximum when 

This gives 

dB 
d1i1= 0· 

(174) 

(175) 

(17G) 

for the sine of the angle between sun and moon when the lunar tide is the most perturbed in time 
by the solar. The corresponding value of the cosi11e is 

(177) 

This gives to p the value 

( 178) 

·------· ·-----------------
•This is equivalent to sn;l'ing that the fall is proportional to the vcrse<l Rine of twice the moon's hour angle, 

since 2sin''0=1-cos 2 0; cousequcntly a co!liue curve represents the rise and fall of the tide. Cf. ~ 47. 
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or approximately, 

(179) 

when o is much larger than G. 
Near the syzygies the lunar tide or tidal fore~ is displaeed (in longitude) by an angle whose 

sine is 
(J 

·c+ o' x m; (180) 

and the solar tide by an angle whose sine is 
r5 

6 + 0, x m. (181) 

:Near the quadratures the sine of the angfo by which the lunar tide is displaced is 

(i 

,5 - (j x 11. . (18~) 

After considering the available evidence, Bernoulli assumes the ratio of the solar to the luuar 
tide, or (j / o, to be -~. By aid of the expressions just obtained, he finds that at the syzygies (springs) 
the tides become later e.teh day, not by 50 minutes, but by 35, and at the quadratures (neaps) by 
85 minutes.• He then gives a table showing how much the time of tide departs from the time 
of the moon's transit because of the sun's action. This seems to be the first table of its kind 
since the attempts of Philips and Flamsteed already referred to, and which were uot based upon 
the theory of gravitation. The distance between sun and moon is taken to each 100 from oo to 
180°. The intervals as well as the age or rctcird of the tide are each supposed to be zero; the 
value of (jjo is aRsumed to be f. He computes the angle, whose sine is p, from the formula 

(183) 

He then converts this displacement into minutes of time by multiplying the number of degrees 
by, as it seems, exactly 4. 

His second table shows the same quantities as the first, excepting that t.hree distances of the 
moon-perigean, mean, and apogean-are provided for instead of the mean only; also that the age 
of the tide is assumed to be 20°, or one and one-half days, instead of zero. Tu is amounts to writing· 
the tabular values in the second table opposite an argument 20° greater than that in the first 
table. The perigean or apogean values of the departure of the time of tide from the time of transit 
may be approximately obtained from the values computed for mean distance by multipl,ying the 
latter by 

or 
<)' 

ra-1ige of hinar tide at apogee" 

Since the rang·e of tide due to either lumiunry varies inversely as the cube of its distance from 
the earth, t the perigean, mean, and apogeau ranges should have values proportioned to 

or roughly to 
3, 2~, 2, 

the reciprocals of which are proportional to 
R, 1, }. 

•Tabin ~J.i gives for tho daily retardation of tho tide nt the times of spring and 11ea1; ti<leM, ."10- :Jli 8: minutes 
!'II· 

and 50 + 96 ~·~minutes, rospectively; or 36 au<i 8H wiuutos if Sz/l!tl, =:i. On nccouut of tho moon's vnri;1tio11, th<' 

moon's lagging is not 50 minutes per day, hut iil in syzygy ancl 49 in quaclrnturo. 
t As he domonHtrntos iu Ch. VII,§ 7. 

Ci584--27 
' 
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Tbese are the factors used by Ilemoulli in constructing his secoml table. 
His third table gives the relative value of the height or range of tide for each 100 of distance 

between sun and moon. Having the values of p given in the first table, the corresponding values 
of ff become known by the formula 

. p = 111 -vr..:.. <J'2 - nu. (184) 

These values substituted iu the expression 

(18:"i) 

won Id give the height of the tide. Bernoulli mentions this fact, but Jll'~fers to use a formula for 
the range of the resultant tide involving rJ, a, and the angle between snn and moon. His 
formula is 

'l'he efjnation between fJ and '5 gives, when pis small, 

u = m - llfJ; 

aml the equatio11 between p and B gives, approximately, 

or, less accurately, 

1 
p=B; 

111 n (J 
P= ·-·(i--·· 

'l'hesc values of tJ aud ff substituted in the expression for the height of tide give 2 M. 
In his third table he again assumes rJ / c) = ii and takes rJ + o as unit height. 

The value of )1 is approximately equal to 

n2 A+ m2 Bt 
where 

A= o + c, B = o - c. 

( 18fi) 

(187) 

(188) 

(190) 

(HH) 

By finding the variation iu the lunar tide for perigean and apogeau distances of the moon, 
tl1e table just referred to can be made the. basis of a more general one which, wi;h the arguments 
increased by 20°, eom;titutes Bernoulli's fourth table. 

Hesuming the values of the lunar tide in terms of the solar, viz.: 

3 r;, !!2 c, 2 c, 
according as the moo11 iH ar its pel'igea11, mean, or apogean distance, WP. find for the several cases 

A''--"' 1·2()+rJ=1·14 (<~ + rJ) = 1·14 A, 

B' = l •2 r5 - rJ = 1 ·33 ( o - C) = l ·33 13; 

A'= rY + C = 1·00 o + r; =A, 

B' = r5' - r; = 1 ·00 o - r; = B; 

A' = 0·8 a + r; = 0·86 ( o + o) = 0·86 A, 

B' = o·s n - r; = 0·67 (o - 6) = O·u7 B. 

(192) 

'l'hese values of A', B' substituted for A, B in the expression for M give approximately the 
talmlar values of IlernoullFs fourth table, but the 11umerieal coellicient~ llo not exactly agree. 

·· It may be noted here that the expre~eion 

v oi+ (C'+-2 66-cos :! 0), 

where fJ is tho augle between the sun and moon, givos, whe11 cxpnuded, all hut the lm;t term of M. 
t Herc A and B denote quantities entirely different from the former. 
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94. 'l'o determine the effect of the declination of either luminary upon the tide at a given place, 
Bernoulli finds by spherical trigonometry the distance of the place from the pole of the tidal 
spheroid. Then the radius of the spheroid at the place in question l>ecomes known from the fact, 
already stated, that in an ellipse the radius vector is t.he half of the minor axis increased by a 
quantity proportional to the square of the cosine of the a1I"gle between it and the major axis. 

Denoting the sine of the moon's polar distance by S and the cosine hy C, the sin~ aud cosine 
of the polar distance of the place by sand c, also the cosine of the moon's local hour angle by y, 
tlien the height of the lunar tide itbove mean lunar low water (i. e., a plane~ <S below mean sea 
level) is 

which gives for lnnar high water heig·ht. 

or 

(Ssy + Cc)2 o, 

(Ss + Cc)2 o 

(- Ss + Cc)2 <>, 

(Hl3) 

(H.IJ) 

(1!)5) 

according- to the transit used. Expression ( l!l3) serves to explain most of the peculiarities of the 
luuar tide due to the moon's decliriatio11, and the latitude of the place. 'l'he declination al effect of 
the sun follows from analogy. 

Bernoulli shows how the mnge of the resultant tide of sun and moon is affected by their 
angular distances apart, their parallaxes, their declinations, and the latitn<le of the place 
eonsi1lered simultaneously, and his final expreilsion for the rauge of tide in\·olves all tl1ese effects. 
In this formula he assumes that observations at the particular place furnish values for the spring 
and neap ranges 

From Bernoulli's discussion it would seem that he intended his tables of phase and parallax 
corrections to be app1icable to all places, although, in the instance just referred to, he assume~ 
that Rpring alHl neap heights must be found from observation. He does 11ot state whether or not 
a general table could be prepared showing the effect of declination (on the semidaily tide). Hut by 
taking the mean of (1!)4) and (1D5) also putting y = 0 in (193) for low waters, we see that the effeet 
of declination is to decrease the range as the square of the cosine of the moon's declination." 

It would seem that he supposed fhe age or retard of the tide to be about a day and a half for 
all places, and so capable of being determined once for all. But he was aware of the fact that 
within a small extent of longitude the ltenr d1t port, high-water interval, could assume all Yalues 
from zero to a half lunar daS. He nates the use which might be made of the high-water inequality 
in keeping track of the tide wl.wre the coast line is very irrcgular.t He erroneously attributes the 
retard to the inertia of the water, as does Newton, but suggests that it may he due in part to the 
time required for the action of gravitation to reach the earth.t He agrees with Newton in the 
mistaken JlOtiou that the smallness of the diurnal inequality is due to the oscillation oft.he sea, so 
that a large tide would have a tendency to increase the otherwise small tide following it by twelve 
hours.§ Both writers failed to see that the tides are forced, and not free, oscillations. 

Bernoulli knew that recourse to observation would be necessary for ascPrtaining, at any given 
place, quantities like the range of tide, the lunitidal interval, and the maguitu<le of the diurnal 
inequality. · 

Near the close of his essay Bernoulli i11vcstigates the amount of rise and fall in a ~mmll 
in closed sea situate<l upon the equator. He ina<l verten tly makes the amount twice too great, as 
Lah1111le II points out. Thus correcte!l his rnle 111ay be stated 

ra11ge at } range for earth ( 1 1 f' 1 ' 1 · 
extre111ities : coyered with wnter l = engt lo sea : cart t H flt( ms. (1U6) 

·'General tabloM fo1· corrections tlno to parallax untl <loclination baso1l upon Bernoulli's work wern prepared by 
Lubbock, J'hil. Trans., 1~3G, pp. G7-7::; au1l pp. 217-2G6. These tables still appear in the annual "Ti1lo Tables for tho 
British au1l Irish Ports." Tho tables giviug tho phaso orreotious nm dorivo1l from obsorvation8 nm<lo ut the ports 
for which pro1lictions uro given. (See 1\§ 47, u0-61.) 

t Tmit6 Hnr lo flux et reflux do la mor, Ch. X, ~ H. 
t Ibid., Ch. \'II,§ 4. 
\I Ibid., Ch. X, 1\ 11. Lalnud.,, Astrouomio, \'ol. IV, p. 81, upholds this oxplunation; but Lapluco, .M1'0. ()<"!.,Bk. 

IV, 11 8, Bk. XIII, \I 1, points out the fallacy of it. 
II Astrouomie, Vol. I\', p.120. 
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[The truth of this is obvious. For, consider the condition of the tide on a sphere ~overed with 
water at a given instant. Reckoning distance from the point of instantaneous haU:tide level, 
the height at a neighboring point on the equator is 

1 . ht 450 l' . W . 9 ( distance \ 
ieig "·or · x sm ~ ·earth's radfos )· (197) 

But an inclo8ed sea will keep its surface parallel to the surface in the supposed case, all(} its 
length will be twice the above "distance;" 

I . 1 . . 1 . 1 " E W . ( length of sea ) 
• •• 101g it at extrennties = 1e1 er 1t 4.>0 "·or . x sin th' ·· 1. "' ear s ra< ms, 

1 . 1 4,,0 E . W length of sea h h . ] = 1e1g it •> • OI • X earth's -radius , W en t e length 18 not great. (198) 

95. Colin Maclaurin (1698-1746). 
Neither :\laclaurin nor Euler, in the prize essays already referred to, developed methods·for the 

reduction or vredietion of tides, hut each added to the theoretical side of the tidal problem. 
Maclaurin demonstrates for the first time (what Newton had assnmed without demonstration) 
that a homogeneous sphere when disturbed by the moon or sun l>ecomes1 upon the equilibrium 
hypothesis, a prolate ellipsoid. So far as known to the present writer, :Maclaurin is the first to call 
attention to an effect upon the water which the earth's rotation might produce. He says in 
Proposition VII of bis essay: 

If water lrn carried from tho south toward the north, either by the general motion of the tide or by any ot!J.,r 
cause what.ever, tho course of the water will t\Jereby ho deflected little by little toward the east, because the 
water at a prior time wiw carrie1l, by the diurnal motion, toward this sen with it greater velocity thau pertains to 
the more northerly place. Conversely, if tile water hn carried from the north townrcl the south, the course of the 
water, on account of n ~imilar cause, will L>o deflected toward tho west. From this sonrco I suspect various 
phenomena of the motion of the sea to ariRe, 

He suspects the winds are also affected by the same dim:nal motion. 
This effect of the earth's rotation forms an essential part of I1aplace's dynamical theory of 

tides. A somewhat analogous question, viz., the effect of the earth's rotation npon a body falling 
freely from a great height, was discussed l>y Newton and Dr: Hooke iri 1G7U. 

96. Leonard Euler (1707-1783). 
Euler discusses the tidal problem upon the correct assumption that the tides are caused by 

the horizontal component of the moon's disturbing force. But if the water have a density com­
paral>le to that of the earth, it is necessary to take into account the horizontal attraction of the 
two instantaneous high-water regions. Euler neglects this and obtains a smaller elevating effect 
than that given by the equilibrium hypothesis where the density of the earth is assumed to IJe 
that of water, and the mutual attraction of the water is properly allowed for. He expresses 
(§ 44 of his essay) the height of the tide due to sun and moon in spherical l1armonic functions 
of their :1.enith distances, carrying the expression to the fourth power of the parallaxes. 

Later on, he attempts to treat the tides as a problem of 1iuid motion; that Is, he attributes to 
the lluid particles the property of inertia which tlie equilibrium theory does not imply. It is now 
known that the fundamental tidal equations (first ol>tained by Laplace) have refere11ce to. the 
horizontal motions of' the fluid, and to the invariability of its volume. "None of these equations 
were 01Jtai11ed by Euler; be took into accou11t the vertical oscillation only, and neglected the 
condition of continuity. For a somewhat more detailed review of Euler's essay than is he1·e given, 
the reader is referred to the iutroduction of Ferrel's Tidal Researehes, which includes the most of 
Laplace's criticisms npo11 it. 

97 . • Joseph Jerome Lefranr;aii; de Lalande (1732-1807). 
Iu the fourth volume of his Astronomy, pages 1 to 348, J1alande gives an exhaustive survey of 

all available tidal knowledge up to the close of the yea1· 1780; in other words, his treatise covers 
nearly all that was known on the subject prior to the investigatious of Laplace. His great 
familiarity with sources of information eau be interred from the fact that he bad be(•n paying 
attention to the subject during the seventeen yearH preceding 1780. Be was the editor of the 
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Connaissance des Temps from 1759 to 1774, and again from 1794 to 1807, in which publication a 
few of his tidal papers appear. He contributed also to the academies at Paris and Dijon. 

Among the matters treated or included in his astronomy the following may be mentionPd: 
Tlie knowledge of tides possessed by the ancient Greeks and Homans. Their theories and 

otller theories (or hypotheses) before the time of Newton. Newton'~ theory. Work of Maclaurin, 
d'Alembert, Euler, and Bernoulli. Tlle equilibrium theory. Tidal phenomena or inequalities­
phase, parallax, diurnal, and declinational. Observ(~ equinoctial spring tides and otlier remarka· 
bly high tides. Cassini's discussions in the memoirs of the Frencli Academy. 'rides in closed seas, 
especially in the Mediterranean. River tides. Observat.ious at Br<>st-times a.nd heights of two 
or three tides daily, from June 10, 1711, to December 31, 1il2, and from January 1, 1714, to August 
31, 17Hi. Some observations at Toulon, 1777-78; Rochefort, 1771-72; St. Malo, 1775-7G; Havre, 
1701-2; Dunkirk, 1701-2, and Katwyk (Holland), l 7(iG. A collection of information bearing upon 
tides the world over, including sources of information. General circufatiou of tlie sea. Earthquake 
waves. Tides in lakes, including seiches. Intermittent springs. Table of establishments for 
places in all countries, with authorities and dates of determination. 

A g-iance at this table will show a sudden activity in tidal observations along tllc coast of 
Europe, beginning with tho year 1701; one of the great incentives to this work was the hope of 
connecting in a more satisfactory manner the tides and the law of gravitation. 

The treatise of Lalande, like those of Riccioli and Gassendi, is of special interest in connection 
with the historical side of the subject of tides. 

98. Jacques Henri Bernardin de Saint-Pierre (1737-1814). In memoirs written about 1790,• 
this writer accounts for the semidaily and semiannual tides and tlowings of the sea by the daily 
and yearly meltings of the ice caps in the northern and southern polar regions. He believes 
the heat of the moon may have some small share in melting the snow and ice. Be states that 
certain lakes have tides from the similar periodic melting of snow and ice on the surrounding 
mountains. The annual fiow of water from the polar regions (as evidenced by icebergs always 
moving toward the equator) results, he thinks, naturally enough from the hypothesis of the elder 
Cassinis which regards the polar diameter of the earth the greatest diameter instead of the least. 

Saint-Pierre's hypothesis is examined by Woods in the Philosophical Magazine, Vol. 8 (1800). 
S. Bennett, in a small volume entitled "A new Explanation of the Bbbing and Flowing of the 

Sea, upon the Principles of Gravitation,"t makes most of the points against the commonly accepted 
notion that the vertical attraction of the moon produces the tides, and shows that the horizontal 
attraction is the real cause. 

A rather important remark of his is that since the moon's daily period exceeds that of the 
su11, the lunar tides will get under way better than the solar and so would become greater even if 
the forces to which they are due were equal. 

• CEuvres compktes (1818), Vol. XI, pp. 425-508. <Euvres poMthumeij (18!0), pp. ·103-427. t New York, 1816. 



CHAPTER VII. 

LAPLACE.' . 

99. Laplace's work upon the tides occurs in Books IV and XIII of his Mecanique Celm;te. 
Near the beginning of the thirteenth book he giw.s an account of his work in this direction 
and of the results obtained. For our purpose, it has seemed best to give this account at the 
outset. It will be noticed that his aim is theoretical rather than practical; i.e., he tries to develop 
a rational theory for explaining tidal phenomena. In most of his comparisons between theory and 
observation, however, be virtually falls back upon the equilil>rium hypothesis; but his kinetic 
theory enables him to explain in a general way certain features· of the tide which do not accord 
with conditions of static equilibrium. For insta11ce, the comparatively small diurnal tide at Brest; 
also the fad that relative sizes of partial tides of nearly but not exactly equal periods may depend 
in part upon the motion in right ascension of the tidal bodies. 

'rhe work of I1aplace has been of much practical importance in the treatment of tides. He 
points out the three different species of oscillations and shows how to obtain the constants involved 
in them from tidal observations. In fact, up to the present time the predictions for the F.rench 
ports have been based upon the formula obtained by Laplace for the port of Brest. His prinriple 
of forced oscillations has since become, in the hands of Sir William Thomson (Lord Kelvin), the 
foundation of the most practical as well as the most accurate system known for the treatment of 
tidal observations. 

The following authors have commented upon, expounded, or restated the principal parts of 
Laplace's tidal theory: 

Nathaniel Bowditch, M<;cani<1uc Gdestc, by the :.\farquis de la Place, Translated with a Com-
mentary, Vol. I (1829), Yol. II (18:~2). 

George B. Airy, Tides aud Waves (c. 1842). 
II. Resal, Traite elt!mentaire <le Mecanique C1;leste ( 1885). 
Edmond Dubois, Hesumt~ aualytique de la Tl11;orie des l\lar<;es telle qu'ellc est <;tablie da11s la 

Mecanique Celeste de Laplace ( 188[; ). 

100. The mot.ion of fluids which _cov<'r tlrn planets was then n subject almost entirely new, when, in 177'1, I 
undertook to trent it. Aided hy the discoveries which ha<l just heen m:ide in tho calculus of partial difforouoes 
and in tho theory of flu ill motio11, discoveries in which d' Alembert had a hirgo share, 1 published in tho M6moirs do 
l'Acad<:mio des Sciences, for tlrn year 1775, the differential 01111atio11s of tho motio11 of the fluids which cover t.Jw 
earth, when they are attracted by tho sun a11d moon. I first appliecl these equations to the problem which <l' Alembert 
bud triecl in vain to solve; viz., that of the oscillations of a tlnicl whinh would cover tho eart,h aesumecl to be sphericitl 
and without rotatio11, supposing the attracting 11tar in motion aron11rl our planet. I gave the general solution of 
this problem, regardless of the density of the fluid anrl its initial stat<,, assm11i11g that each molecule of the fluid 
experiences a rosi11tance proportional to its velocity; th is ma1fo me see that the primitive conditions of the motion 
are :rnuihilated in the loug rnn hy the friction uncl 1rn1all viscosity of fluid. Bnt the i11spectio11 of differe11tial 
cquatio11s very soo11 made me recognize the necessity of having reg-ard to the rotary motion of th11 earth. I therefore 
considerocl this motion, and eBpocially strove to determine tho oscillations of the fluid which are independent of its 
initial Btate, and which alone are permanent. ThcHo OHcillations are of three classes. Those of the Hrst class ar11 
independent of tho rotary motion of tho earth, and their <fotorminution offers few difficulties. The oscillatio11s 
(]opendeut upon the earth's rotation, and whose period is about oue day, form the seconcl claHs. Finally, the thircl 
c·lnss is compoHed of oscillations whosn perio<l iH about h:ilf a day: they am considerably larger than the others in 
our porl8. I determined the diverse oscillations, exactly in 1mch cases as it is possible, and by rapi1lly conYorgent 
approximations in the other cases. Th11 excess of one high water o\'er an acljacent one-the ticlo·proclucing body 
heing in tho Holst.ice-depends upon oscillations of tho second clasB. This excess is Hearcely sensible at Brost., where, 
according to the tlu·or,v of Newton, it should ho very large. This great geometer :mcl his successors attl'ibute<l, as I 
have sairl, this discrepancy hetweon tlwir formulm and the ohsorvntions to tho inertia of thn wuters of thll oeean. 
But analysis made me sne that it depemls upon tho law of depth of the sea. I then Honght tho law which wonlcl 

'Pierre Simon, :\l:tr<Jllis de Laplace (1749-1827). 
422 
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render this excess zero, and I found that the depth of the sea for that purpose shoulll he constant. Finally, assuming 
the figure of the earth elliptical, which also gives the sea an elliptical figure of equilibrium; r gave the general 
express10n for iunqualitieH of the seco1H! class, and I concluded therefrom this l't!marlrnblo proposition; \'iz., that tho 
mo\'cmtmts of the terrestrial axis itro the same us they would be if the sea formed with the earth a solitl mass. This 
was contrary to the opinion ot" geometcrH, aud especially cl' Alembert, who, m his important work on the precession 
of the equinoxes, had atl\'anced the theory that thn fluidity of the sea took from it all influence upon this phenomenon. 
)I y analysis made me recognb:e, moreover, the gene ml con di ti on for the stab1li ty of the sea's eq ui Ii hri um. GeomoterR, 
<'Onsidering tho equilibrium of a fluitl pfaced upon an elliptic ~pheroid, had pointed out that in tlatteuiug its tigure 
a little it tonds to return to its initial state only in the case where the ratio of its density to that of the spheroid 
should be below ft; and the~· hat! made out of this cond1t1on the con<iit.ion of the stability of tho equilibrium of the 
fluid. But it is not sufficient in this research to consitl<>r a state of repose of the tluid very near to the state of 
equilibrium; it iH necessary to assume in this fluid any very small initial motion and to determine the necessary 
contlit1on for having the motion alwa~·s remain within narrow limits. In looking at this problem from a general 
point of view, I found thnt if the mean density of the earth exceed that of the 11en this tluid, disturbed by any 
causes whatever from its state of equilibrium, will never deviate therefrom save by very small quantitie8; but that 
the deviations might be very large if this condition were not fulfilled.* Finally I determiued the oscillationH of tho 
atmosphere as those upon the ocean which it surrounds, and I fount! that the attractions of the sun and moon cun not 
produce the constant movement from east to west which we observe under the numo of tl"aclc winds. Tho oscillations 
of tlrn atmosphere produce in the height of the barometer small oscillat1ons whose extent at the equator is a half 
millimetre and which deserve the attention of observerH. 

Tho preceding researches, although very general, are still far from representing the observations upon the t.ides 
in onr ports: tlwy assume the surface of the terrestrial spheroid regular and entirely coverod by the sen; ant! we 
feel that the !~reat irregularities of this surface ought to consitlerubly modify the movement of the waters by which it 
is covere1l only in part. In fact, experience shows that a<'cessory circumstunees produce considerable varieties in the 
heigl1ts and in the intervals of the tides at ports O\'eu when very near ono another. It is impossible to submit these 
varieties to calculation bocause the circumstances upon which they depe1Hl are not known; and even when they are 
known the extreme difficulty of the prohlem woul<i prevent its solution. However, in the midst of the numerous 
modifications of the motion of the sea due to circumstances, this motion preserves, with thn forces which protlnre it, 
ratios suitable for indicating the nature of these forces anti for verifying the lnw of the attraction of the sun and 
moon upon tho sea. Inquiry into these ratios of the causes t11 their offects is not less useful in natural philosophy 
than ht 1 Im direct solution of t.he problems, either for verif.ying the existence of these causes or for tletermining 
tho laws of their effects; it is of use more frequently, alHl it is thus, with the calculus of prohubilities, a happy 
supplement to the ignorimcn anti the feebleness of the human miud. In the present question I make uso of tho 
following principle, which may he useful on other occasions: 

"The state of a system of bodies in which the initilLI contlitionH of the motion have disappeared through the 
resistance which this motion experiences iB periodic, like the forces which animate it." 

From this I conclmlecl that if the sea is actuatetl by 1t periodic force expressed by the cosin11 of au angle which 
iucreuses uniformly with the time; there results from it a partial tide oxpressnd by the t:'oeiue of an angle increasing 
in the same manner, hut in which the constant involved in this angle and the coefficient of this cosine may be, by 
virtue of accessory circumstances, ver~· different from the same constants in the expression for the forcn arnl can be 
determined only through obHervation. Tho t·xpression for tho actions of the sun nut! moon upon the sea can 
be developetl in a. convergent series of similar cosineH. \\"hence ariso as nmny parti1il tides as, by the principle of 
the coexistence of small oscillatio11s, being added together, constitute the tide which is olJservctl in a port. It is from 
this point of view that I have investigated the tid<'s in Hook IV. In order to t"Onnect with these tho diverse 
constants of tlrn 1mrtial tides, I consitlert'd en eh partial title as produced by the action of a star which moves uniformly 
in the plane of the e'luutor. The titles whoso !H'riod is about half a day ure due to the action of stars whosti proper 
motion is very slow iu comparison with the rotary motion of the earth; and us the angle of the cosine term which 
expresses the action of one of tht'st' stars is a multiple of the rotation of the earth pluH or minus a multiple of the 
1iroper motion of tho star; nncl us besides the constants of these eosiue terms which express tho tidt·s produced h~· two 
stars Hhonltl h:n·e the sitme ratios nH the const.;1nts of the cosine ter111s which express tlwir actions, provitlotl the 
proper motions were eqnal: I have supposetl that tho ratios variotl from ono star to another proportionally to 
the difference of their proper motions, The error of this hypothe><is, if there ho any, has no sensible intlucnce npon 
the principal r!'snlts of my cnlculat.ions. 

The greatest variations in the heights of the titles in our port8 are due to the net.ion of tho sun autl rnoon, 
supposed t.o mo\·e uniformly in their orbits anti always at the sn.me tlistunce from ~he earth. Bnt for ohtaiuiug the 
l:iw of these variations it is necessary to so combine the observations that all the otllt'l' variutions dis11ppear from 
tho result. Jt, is this whieh we obtain in consitlering tho heights of the high waters above the neighboring low 
waters in the syzygies ant! quaclruturos taken in etprnl number toward each equinox aml toward each solstice. By 
thif. means the tides which are independent of the rotation of the earth and those having a period of nhout a tiny 
should disappear, as woll as thetidrs protlucecl by tho variation of the distance of the HUii from the earth. ln .-onsid­
ering three consecutive syzygies or three consecutivo quadratures, ant! in doubling the intermediate one, we en.use 
tho tide which is protluced by the variation of the distance of the moon to disappear; becausP if this stur i8 in per­
igee in one Hyzygy it is very near apogee in the syzygy following; and the compensation increases in nocurnc~· pro­
port.ionately to the greater number of observations employed, By this procetlure the intluenco of the wintlH upon 

*Cf. Kelvin, Popular Lectures and Addresses, Vol. II, l>· 328. 
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the result of obaenations becomes almost nothing; for if tho wind elevates tho height of a high water it elevates by 
near!~· the same amount thl'l neighboring low water, and its effect disappears in tho difference of the two heights. 
Thus, by so combining obson·ations that their combination presents only one element, wo arc able to determine 
successively all elements of tho phenomena. The analysiH of probabilities furnishe8 a method still more sure for 
ohtaiuinl-{ the8e elements and which we can designate by tho name of the most ad1Ja11tageo11s method. It consi11ts in 
forming betwo!l1i tho eleruoutH as many equations of condition as there are observation equations. \Ve reduce hy 
the rules of this method tho number of these equations to that of the element!:! which we determine in solving the 
t1quations so retluce<l. It is by this process that :\Ir. Bouvanl has constructed his excellent tables of Jupiter, Saturn, 
and Ura11ns. But the observations of the tide beiug far from attaining the precisfon of astronomical observations, 
the ~rcat number of them which it is necessary to employ in order that their errors countorbalauce one another doe!:! 
not permit us to apply to them tho most advantageous method. 

101. Upon tho invitation of the Acadcmie des Sciences and at the beginning of the last century, observations 
woro made upon the tides in the port of Brest during six consecutive yoars. It is with these observations, published 
by Lalande, that I have compared my formulm in the book cited. The situation of this port is very favorable to 
this kilHI of observations: it communicates with the sea by a vast canal, at the head of which the city is built. 
ThuR the irregularities of tho motion of the sea come into the port much weakened, nearly a.s the oscillations which 
the irregular motion of a vessel produces in the barometer are lessoned by a choking made in the tube of this 
instrument. Moreover, the tides being considerable at Brost, accidental variations are only a small part of them. If 
we multiply the observations of these tides a little we notice a great regularity which the little river that loses 
itself in the largt1 bi1y of this port does not alter. Struck by this regularity, I proposed to the Government to have 
a now series of observations of the tides made at Brost, arnl that it be continued at least during one period of tho 
lunar node. Under these circumstanccH the obsen•ations were undertaken. Those new observations date from the 
first of .Juno, 1806, and since that time they have been continued each day without interruption. 'Ve have treated 
those belonging to the year 1807, an<l the fifteen following years. I owe to tho indefatigable zeal of Mr. Bouvard what­
ever concernt1 astronomy, and the immense calculations which the comparison of my analysis with the observations 
has exacted. He has employed in it nearly six thousand observations: the rcRults of those calculations are consigned 
to the tables which we shall see furtht1r on. For ohtiiining the height of the high waters and their variation, which, 
n<'ar the maximum aud 1nillinwm is proportion11,l to the square of tho time, we have treated near each equinox and 
near •iach solstice three consC>cutive syzygies betwC>on which the equinox or the solstice was comprised: we huvt• 
don bled the results of the int11rmcdiate syzygy in order to destroy the effects of the lunar parallax. \Ve have taken 
in each syzygy tho height of tho evening high water above the morning low water of tho da.y which precodm! 
sy1.ygy, of the day of syzygy, and of tho four following days; because tho maximum. of the tides falls nearly in th" 
middle of thh1 interval: the choice of hours is based upon the notion that observatiorn1 made <luring the day shoul1l 
therefore be more snro and more exact. We have made for each of tho sixteen years one sum out of the heights of the 
tides of th(' corresponding days in the equiuoctial· syzygies and a similar sum relative to tho solHtitial syzygies, and 
we have therefrom ascertained the 1naxima of tho heights of the high wat1ll's near the t1yzygios, either t1quinoetial 
or solstitial, and the variation'! of theHe heights near their niaxima: The inspection of those heights and thoir 
variations show the regularity of this species of observations in the port of Brest. 

In tho quadrature8 we have followed a similar procoss, save with the difference that we have taken tho execss 
of tho morning high wat~~ aho\·e the evening low water of the day of the quadrature, and of the three days which 
follow it. Tho iucroase of the quadrature tides, starting with their 111inim11111, being much more rapid than the 
diminution of tho syzygial tides, starting with their maximum, we ought to restrict to a very small interval tho law 
of variation proportional to the square of the times. 'Ve have formed for each of tho sixteeu years tables similur to 
those of the syzygial tides. 

All these tables put in ovidenc11 tho influence of the declination of the suu und moon, not only upon tht• 
alisolnte heights of the tides, but also on their variatious. Several savants, and especially Lalande, have called this 
in {]ueuco in doubt, because, instead of considering a groat number of observations, they have confined themselves 
tn some isolated oh&ervatione when the sea, by tho effect of accidental causeH, was elevated to a great height towartl 
the solstices. But the most Himplo application of the calculus of probabilities to the results of l\lr. Bom·ard is 
Hufliciont to see that the probability of the influence of the declinatjon of the stars exceeds aud is much superior to 
that of a great number of facts on which we do not permit ourselves to huve any doubt. 

We have determined from the variations of tho tides near their•maxima aud 1nini111a, the interval by which these 
111a.rima and these minima follow the syzygieH and the quadratures, and we have found this interval to be a day and a 
half, very nearly, which is perfectly in accord with what the old observations gave me in Book IV. The smno agree­
ment takes place relative to the sizes of these ma:rima and mini1na and in reference to tho variations of the heights of 
tho tides going from these points, so that nature after a cycle is found conformable to herself. The intorval of 
which I htwc just spoken depends upon constants under tho cosinu signs in the expression for the two principal 
tides duo to the action of the sun and moon. The eorresponding constants of the expression of the forces are differ­
ently modified by the accessory circumstances: at tho moment of syzygy the lunar tide precedes tho Holar tide, and 
it is only u day and a half afterwards, the lunar tide retarding each day upon the solar tide, that these two tides 
<'oincide and thus produce the niaximuni of tho resultant tides. A similar modification takes place in tho constants 
which multiply the cosines: thence there results an augmontatio1,1 in the action of tho stars on the sea. I have given in 
Book lV the means of recognizing this augmentation, which I have found about one-tenth from the old obsorvatious; 
but, however the observations of the tides at quadrature agree on this point with the observations ofsyz~·ginl tides, 
I have said that so delicate un element would require a very much greater number of observations. The calculations 
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of l\lr. nouvanl have confirmed the existence of this increment and have increased it t.o about one-fourth for the 
111oon. Tile <idermination of this ratio is necessary in order to ascertain from ti<fal observations the true ratios of 
the actions of the sun and moon, upon which ratio depends tho phenomena cf the l>ro<·ession of tho equinoxes and 
of tho nutation of tho earth's axis. In correcting tho actions of tho stars on the soa for tho inero111ent8 duo to the 
accessory circumstances, we find expressed in sexagesimal secomls !J" ·4 for tho nutation, 6"·8 for tho lunar equations of 
tho tables of the trnu, and for the mass of tho moon~', that of tlw earth. Those result8 nro very little different from 
those given by tho discussion of astronomical observations. Tho acconlanco of values obtaino<l by methods so 
divPrso is very remarkable. It is in comparing with my formulm tho maxima and minima of the observed heights of 
tho tides that tho actions of the sun and moon upon the se1~, and their augmentations have been determined. Tho 
variations of the heights of tho ti<les near these points are a series necessary for the purpose; in substituting, then, 
tho values of these actions in my formulm W<1 should return to very nearly tho observed variations. It is this that, 
in fact, we fin<l. This accordance is a grand confirmation of the law of universal gravitation; it receives a new 
confirmation from tidal observations taken at syzygies when the moon is near apogee or near perigee. I hnv<• 
considered in Book IV only tho 1li1forence of the heights of tho tides for these two llO. :itions of the moon. I consider 
further tho variation of these height.s going from their maxima, and on these two pointii my formulw represent the 
observatious. 

Tho times of the tides and retards from day to day offer the same varietieb ns their heights. Mr. nouvard hm1 
formed of them tables for the tides which ho had employed in t.he determination of their heights. We there clearly 
see tho influence of tho doclinations of tho stars and of the hmar parallax. Those observations, compared with my 
fortnnlm, offer tho same accordance as th11 observations upon the heights. 'Vithout doubt we might make tho small 
anomalies, which comparisons st.ill present, disappear by properly determining the constants of ea.ch partial tide­
The principle by which I have united these diverse constants cannot be rigorously mm.ct. Perhaps also the quanti. 
tics which we neglect in adopting the principle of tho coexistence of oscillations might become sensible in largo 
tides. I have here contented myself with noting these small anomalies in order to direct those who would extend 
these calculations when the observations of the tide11 which arc being made at Brest, and which are deposited at the 
royal observatory, shall be numerous onough for making certain that tho anomalies are not due to errors of the 
observations. But before modifying tho principles which I have made use of, it will be necessary to carry further the 
anal~·tical approximations. 

Final!~·, I have considered tlrn tide whoso porio<l is about a day. In com puring the differences of two cousecutiYe 
high waters and two consecutive low waters in a great number of solstitial syzygies, I have determined the ampli­
tude of this tide and tho hour of its 111ari111u11i in tho port of Brest. I found its range to be about one-fifth of n 
meter a.ml about one-tenth of a day for tho time by which it iirecedes the time of the marimuni of the somidiurnal 
ti<fo at Brest. Although its amplitude be not ono-thirtieth of the amplitude of the sornidiurnal tide, at the same 
timo tl10 generating forces of these two tides are nearly e11u11l, which shows how differently the accessory circum­
stances influence the amplitudes of the tides. One will not be surprised, if ho consider that in the case whore tho 
surface of the earth is regular and entirely covered by tho sea, the diurnal tide should dis1tppear if the depth of tho 
sen. were corn•tant. 

The accessory circumstances might oven make the semidiurnal inequalities disappear in a port and makn tho 
diurnal inequalities ver~· sensible. Thon there is only one tide ouch day, and this disappears when tho stars are in 
the equator. It is this which has been observed at Batsham, a port of the Kingdom of Tonquin, and in some islands 
of the South Son. I shall observe, relatively to these oircumstanoos, that some belong to the entire sen and nm duo 
to canseH very remote from the port where the tides are observed. 'Ve cannot doubt, for example, that tho mululation!! 
of the Atlantic Ocean and South Sea, reflected by the eastern coast of America, which extends almost from one pole 
'to the other, should have a groat influence upon the tides of tho rort of Brest. It is principally upon tlrnse 
circumstances that the phenomena, which are nearly the same in our ports, depend. Such appears to be tho retard 
of tho higheat tide after the instant of syzygy. Other circumstances nearer the port, Buch us the neighboring 
coasts or straits, produce thn differences which one obsen·os between tho heights and times of the tides in ports near 
together. From this it follows that~t partial tide has not, with the latitude of the port, the ratio indicated by the 
force which produces it; since it depends upon similar tides corresponding to the latitudes far away and ornn in 
another hemisphere. 'Vo can, then, determine only by observation tho sign and amplitude of this tide. 

The phenomena o'f tho tides of which I have just spoken depend upon the terms of the development of the 
action of tho stars divided by tho cube of their distances from the earth, the only ones which we have considere<I 
heretofore. But the 111oon is sufficiently near the earth for rendering the terms of tho expression of its action 
divided by the fourth power of its distance sem1ible in the results of a groat number of observations; for we know 
by tho theory of probabilities that the number of observations supplements their want of precision, and put in 
evidence inequalities much Iese than tho errors of which each observation is susceptible. 'Ve may oven by this 
theory assign the number of observations necessary for acquiring a great probability that the error of the reAult 
ohtained is included within gh·en limit11. I have thought, therefore, tlmt the influence of the terms of the action 
of the moon divided by the fourth power of her distance to tho ourth might be manifest in the combination of the 
numerous observations discussed by l\lr. Douvard. The tides corre11ponding to tho t.erms divided by the cube of 
the distunco give no difference bntwoen the tides of the new moons und those of tho full moons, but those which 
have for divisor the fourth power of her distance make a difference between these tides. They 11roduce a tid<• 
whose period is about a third of a day. The observations of Mr. Bouvnrd •lisoussed under this pomt of \•low 
irnlicato with a great probability tho existcnc<• of this purtial tide. They establish, further, without any doubt, 
that tho action of tl1e moon for producing tide at nrest iH greate1· when hBr declination is south than when it is 
north, which ean be duo only to the terms of thn lunar action divided by the fourth power of the d1sta.nco. 
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We see by this expositiou that the re~earch containing the general ratios between the phenomena of the tides 
aml the actions of the sun and moon on the sea supplement in a happy fashion the impossibility of integrating the 
<liffereutial e<prnt.ions of its motion and the ignorance of the necessary data. for determining the arbitrary fnnetious 
w:i:.. :h enter into their integrals; thence results a complete certitude that these phenomena have as their only cause 
the attraction of these two bodies conformable to the law of universal gravitation. 

I have insistetl particularly upon the flow and ebb of the sea because it is, of all the effects of the attraction of 
celestial bodies, th<l neare11t to us and the most sensible; morPover, it appearecl to nw very proper to show how we 
coul<l recognize and determine by a great. number of ohservatio1rn, although made with little precision, the laws aml 
the causes of the phenome11a for which it is impossible to obtain the analytical expressions hy the formation aml 
integration of their differential equations. Such are the <>ffect>i of the solar heat upon the atmosphere iu the pro­
<luction of trade winds awl monsoowi, and in the regular variations, either c~inrnal or unnn:il, of the barometer and 
the · hermometer. 

102. By§§ 1, 3, Bk. IV, the general differential equations of the motion of a. perfect fluid upon 
a sphere may be written 

!I -
,1(y1t) _ ~~(y_v) _Yu cos H 
- J fl - J rv sin (/ ( lH!l) 

,)2 1t 9 • ,) 'V ,1 y J v I 
J ti - ..,, n sm fl eos {)Tl = - !/ J- {). + ,) fl , (!WO) 

. .. l v 9 ,· () fl J u J y J V'. 
sm· fl ,) f,7i. + ..,, n s111 cos ,1 t = - !/ J 1;r + J -(ij ' (201) 

or 

(202) 

JJ 1l '> _ / -- J 1) - I ---- J ( V') J t2 - ., n fl v 1- /-'t J t = v I - 1-1t Sf' f/Y- , ('..!03) 

('.!04) 

where 

1 =the earth's radius; 
fl = the polar distance of the particle subject to disturbance; 
fl =cos fl; 
'G1 = the terrestrial longitude of this particle; 
y = the elevation of the particle above the surface of the nndisturbe1l sea; 
1t =the corresponding change in e; 
v. = the corresponding change in rv; 
y =the depth of the sea, supposing it to be small in comparison with the earth's radius 

and to be a function of the independent variables H, rv, or 11, r.r where 1-1 =cos fl; 
nt = the rotary motion of the earth; 
g = the force of gravity; . 
V (found below)= the potential of the llisturbing forces-that is, the function whose partial 

differential coefficients are the impressed forces in the correspo11di11g directions; 
Y' =this potential increased by the potential due to the disturbed water; i. e., V' is the 

entire tide-producing potential on the statical or equilibrium hypothesis.• 
If u, v are to represent quantities proportional to the horizontal distances moved over by the 

distur·bed particle, then u,v sin {}(of Laplace) should be replaced by u, v; and the above equations 

•Comparison between notations: 

Laplace :\foc. Ce!.); o, "', 
IUsal C'.If.c. C61.); 0, r.:, 

Darwm (Enc. Brit.); 0, 11, 

y, 
z, 

h/a 

-·------ .. --------

u, v, 
11 or 11 Ir, v Ism 0 or 1'/ 1· sin O, 

;; a, 1// ll-

y, 11t, , .. 
' !I· 

y, nl, v, fl· 
Y/a, nt, [Jl: /a·', 9/ci. 

Darwin's a denotes the earth's radius which Laplace, and generally R<-sal, assume to he unity. The character 
:c as here used and as u8ed m §§ 11, 12 of article "Ttde8, ''Enc. Brit-., deuotes the equilibrium height of the tide. 
In~ 6 of the same article, this height is nae I',, :c there being a constant. 

Laplace's a 111 here generally omitted. 
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take the form given by Hesal in his M1~canique Celeste,§ 132. The equation not involving t is 
the equation of continuity for an incompressible fluid; the other two equatio11s respectively 
express relations between the different forces acting along the meridian and parallel. "'h1•n 
friction is taken into accouut and assumed to be proportional to the velocity of the fluid particle 

(as is done in § 6, Bk. IV), a term of the form f:J Ju_ must be included in (200) and oue of the form 
Jt 

fJ sin () ~; in (201) divided by sin fi, and these two equations will still remain linear; but not 

so if the resistance due to friction be proportional to some power of the velocity other than the 
first. Before integrating tlll'se equations, something must IJe known about V' and something 
assumed in regard to the depth y. 

Let 

r =the distance between the earth's center and the center of the disturbing body L; 
L =the mass of the disturbing body; 
1/· =its right ascension; 
v = its declination. 

'l'hen by§ 1, Bk. IV, 
L L L • v - - - --- - - . - ---- - - --- . 0 - v r2 - 2 r<>' + 1 r r2 

' 

wherein 
o =cos H sin v + sin H sin v cos (nt + U1 - 1/:), 

(205) 

and so c~ is the cosine of the angle between L and the disturbed particle as seen from the earth's 
center. 

Now by§ 2a, Bk. III, this may be developed in powers of l/r, thus 

(206) 

where zuit is a rational integral function of }-I ( = cos H), vl -)ii sin (;J' and vi-- µ2 cos U1 of the 
degree i, such that 

{ 
,1z,., } ,12.zui 

,1 (1- }-< 2)---- ---2-
Jµ ,l<tJ' . . 1 '~ ·1 0 --- __ J ___ +-1 ----2+ i (i+ ) '-'" = . 

µ -u 
('..?07) 

By putting Z'; 1/r1+1 equal to U<il, (206) will be a series of U's. Laplace expresses the part of 
Y' due to tlrn spherical layer by means of a series of J"s, a11y one of which satisfies equation (20i). 
The combined result is 

-, _ .3(] yui 
. , V' = ;?; U'•) + 2-- '-- '> .-+ l' p .. i 

p beiug the mean density of the earth, that of water being unity. 

(208) 

3 I Whe~ i = 2, which is the case for the tides, total Y' is to partial Y', or Y, as 1: 1- /p. -[)p 

being a small fraction is sometimes disregarded by Laplace.t In fact, his theory geuorally fails to 
take into account the attraction of the water in its actual disturbed state.] 

10:1, In treating the three fundamental equations (202)-(204), Laplace confines 11imself to the 
case where the depth, y, is a function of fl without m. He seeks solutions wherein y, u, 1•, V' ~tre 
of the following forms: 

y =a. COS (it+ SW'+ t), 
1i= b cos (it+sus+1:), 
1' = c sin (it+ sus + t), 

V' 
y- -=a' COS (if+ Sr.1 + f), = y', g 

Cf. oqnation ( 106), l'nrt II. 
I .1,Ul i~ proportion1d to I', (o) or Y; (11, r.>) in rocent notation. 
! Sen ~ 36, Part II. · 

(209) 
(210) 
(211) 

(212) 
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a, b, c, a', being rational functions of µand vi - µ 2, s being an integer; J/1 is the excess of the 
true height of the tide (y) above the equilibrium height ( V 1 

/ g or Vi 9).* The8e values subst.itutl'd 
in (203), (204) give 

2 Ja' 2 ngs , -g(l-µ)---+ -.--Jill 
b- ________ Jµ ____ i. 

- (i2-4n2µ2)v1-µ2' 

all(} these values of b and c substit'ut('(l in (~02) give 

<L=g _J j Z [~~IS µa' -(1- µz)J<!:_' J } 
Jµl t Jµ 

2 ng.~ µz { 2 ns , 2 Ja' } s2
{/ z ( i 2 

- 4n2 µ 2
) a.' + . -- JUL - (1 - µ ) -- - + ----- ----

i (1 - µ 2
) i ,Jµ . i 2 (1 - µ 2 ) 

(215) 

wherein 
Z= ____ Y -- _, 

iz_4 nzµ2 

This is known as Laplace's tidal equation for an ocean whose depth is constant along any 
parallel of latitude. When by its solution a' bas been found, b and c become known by the two 
prececliug equations. 

Be does not attempt to integrate bis equation, but merely to satisfy it. The primitive motio11s 
of the ocean must long ago have disappeared because of the resistances which the waters encounter, 
and so the tide must depend upon the tide-producing bodies; the oscillation of th~ ocean oug·ht to 
correspond to the approximately periodic terms of the attraction of these bodies. 

:Neglecting terms iu 1/r4, expression (205) becomes 

or, when arranged with reference to (nt + 7l' - 1p), 

L\·2 1 2} . --. \ sm v - cos v 
4r-' ( 2 { 1 + 3 cos 2 fJ } 

3L + -., sin H cos fJ sin v cos v cos (nt + m - 1/J) 
r 

+ ~~ sin 2 (:} cos 2 v cos~ (nt + i;r - 1/·). t 

* Comparison between notations: 
Laplace (Moc. Ccl.); 1·, a, b, c, a', i, a, E. 

Reaal (Mee. Cel.); A, a, b, c, a', i, a, c. 
Darwin (Enc.Brit.); 1", b, x, y, n=h-o,2nf, k, a. 

(2Hl) 

(217) 

Darwin's 1·, h, y, x, and u must be divided by hie a, tho earth's ru<lius, in order to make tho111 corupurul.Jlo with 
r, a, b, c, anil a' of Laplace. 

t These terms may l.Je written 

!:._ (1-3 cos' 0) (1-3 sin• v) + 3/, sin 2 0 i;in 2 v oos (nt + ro-1/J) 
4.r• 41·1 

+ 3 !:_sin' 0 cos' v cos 2 (nt + ro-·1·) 4.r o/• 
(21X) 

or, using Ferrel's notation, 

where a=O, 1, and 2. 
:;?;, N. cos s (11t + ro-1/J) (21!!) 
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Referring to this expression Laplace remarks: 

As tire tlrree quantities r, v, l/J, vary witlr extreme slorv11ess, in comparison with tire rotary motion of the eartlr; tire three 
p1·eceding te1·ms p1·oducc three d(ffe1·ent species of osoillations. Tltc periods of tire oscillations of tire jil'st kind are l'cry long; 
tltcy arc indepcnde11t of tire rotary motion of the earth, a11d dcpc11d toholly upon the 111otio11 of the body L in its 01·bit. The 
p1'1'iocls of the 0Hcillatio11s of the second species depend chiefly on the rnfar!f motion of the eai·th nt; thefr duration is nearly 
one day. L11stly the periods of the oscillati-0118 of the third ki11tl depend chiefly 011 tire an,qle 211t; they a1·e completed in about 
ltalf a da!J. 

The equation (215) is a linear differential equation; hence it foll0\v8, he remarks, that these 
three species of oscillations can exist together, without being confounded with each other; there­
fore, we may consider them separately. These three kinds of tides are then discussed by putting 
N successively equal to O, 1, and 2. 

104. o.~cilla.tion.of the fir.~t species.-The expression for e indicates that for small values of i as 
in case of oscillation of the first species, the east-and-west motion of the fluid particle may be great 
in comparison with the other motions, provided thern is no fluid friction involved. Laplace believes 
that the resistances which the waters encounter will, in the case under consideration, reduce the 
oscillations to their equilibrium values, especially in the case of the sun I Bk. IV, § G J." The 
oscillation of long period thus becomes 

_L (si11 2v-2 cos 2v) (1+3 cos 28). Y- ·- -·----- · --7--,~-----------
4 r:1g ( 1-5-) 

. p 
(220) 

Oscillations of the second species.-Here i=n, and .~=1; y is assumed to be equal t<> l ( l-q;12
), 

land If being constant for all latitniles. 
He finds for the height of the o:,;cillation of the secoml species an expression which become.-

GL ,, . e tJ • 
1~1· IAJ 8111 COS Sill V COS V 

Y= cos (nt + UJ -1/·) (221) 
2 lgq-n2 

when we neglect the small fraction 
5
3 . The coefficient is a, or the amplitude of the oscillation. 
{J 

This coefficient diminished by the (astronomical) equilibrium value is .the value of a'. These 

values of i, s, y, a and a' satisfy the fundamental equation (215); moreover, y has a form analogous 
to the corresponding term in the tide-producing potential. This is tlierefore a solution uf Laplace's 
tidal equation of the required form. 

When the depth is such that q is small this oscillatio11, and so the diurnal inequality becomes 
small. When the depth is constant all over the sphere q=O, and so oscillations of the second 
species vanish everywhere.t 

'l'he coefficients b and c become known by (213), (214) •ts soon as a' has heen determined; the 
horizontal oscillations become 

3L _ 
r:1 Slll V COS V 

'2lyq-n2 
cos (nt + r.1 -1/·), I/.= -

3L cos H . 

V= 
,.:1 sin H s111 v cos v 

sin (nt + r.; - 1/'). 
2lgq- n2 

(223) 

Tliese do not vanish when q = O; i.e., tidal currents of a daily period would exist in the case 
of an ocean of uniform depth covering the sphere. 

In the second as well as in the third species, Laplace finds a value of If which will enable one 
to determine the oscillation even if ·i be not exactly equal to n or to 2n. 

•Darwin conclncles [Proc. Hoy. Soc., Vol. 41 (1886), pp. a39, :J.12, au<l Erll'. Brit. art." Tides"] that thiH hnrnthe~is 
iH nnt1mnblo nnlos8 tlrn period be very long, ns in the cnHe of the minute oscillation whoHe period rs 111·11rly 19 years. 

t See nrnler Ntnvtm1 an<l lleruoulli. 
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10.). o.~oillations of the third species, the depth being constant. 
The quantities r, 4,·, and v vary slowly in comparison with 2nt, aud so may be treated as con­

stants. The small fraction 1/ p, which expresses the ratio of tlle density of the sea to that of the 
earth, may be regarded as negligible. Putting i = 2n and s = 2, the oscillation corresponding to 
the :::;emidiurnal term of lT', or 

is 

Vz', =~~sin 2 ti cos 2 v cos 2 (nt + r.J - 1/'), r 

y =a COH (2nt + 21'.iJ -21/·. 

a L t 2) 2 .·.a'= a - 'f i"1ff ( - µ cos v. 

(224) 

(225) 

(220) 

'fhe depth being constant, y = l. Substituting these values of a' and y in Laplace's equation 
(!HJ), it becomes 

4n2 J2a Ii f, 
lg a (l - p 2

)
2= - J;12 (1 - µ 2

)
2 + ((i + 2 11

2
) a. - r''rl ( 1 - p 2

) cos 2 v; (227) 

or putting 

, .2 Ya , Ja (' .z 2n" .4 ) liL - ,2 • • z • -.'If (1 - ,( ) -J.t'2 - x Jx - 2 a 4 - x - l!J .x ' + r:lg .l cos ' - o. 

To satisfy this equation, replace n by the assumed value 

a= A'11.1,.z + A12>x4 + A::na,.o + 
and compare coeflicients of like powers of x. 

A 'I' 3 L 2 
••• · ;=----. cos v; 

4 r3 fl 

(22S) 

(22!J) 

the comparison of the coefficients of .v4 gives an identity; but all following coctlicients can be 
expressed in terms of A' 1l and A• 2 :. 

Laplace's determination of the coefficient of x 1 has led to discussions by Ail'y," Fcn·pl,t 
'fhornson,f Dal'wiu,§ and G. H. Ling.JI 

Laplace assigns (Bk. IV, § 10) values to l such that .2 n2 / lf/ = 20, fi, and ;)/2 succe:s:sivl'ly; that 
is, since nl/[f = l/.28!J, 

1 1 1 1 = .28Uli' 72.2;;;' 3uf;.2i)' 

the earth's radius being unity. 'l'he value of n' l>ecomiis a series in powers of .r 2
, each lrnviug 

a numerical coeflicieut, and (230) as a general coeflicient. For pl:wes on the equator the three 
co1Tespowling spring ranges of the semidiurnal tide are, if A ' 11 '"' 0·1!!316 meters, 

7·34, 11·05, 1 ·!JO meters. 

'l'hc expressious show that the tides are inverted in the finit instance hut direct in the secoud 
and third. In high altitudes, however, tl10 tides are always direct. For a g"l'eat depth, the equi­
librium spring range is approached which is 0·!185.28 meter, assuming- the tidal effect of the moon 
thrice that of the sun and disregarding the density of the water. 

• TideB arnl \Vaves, Art~. 110-113. 
Phil. MaJ., \'ol. 50 (1875), pp. 277-!Hfl, Ti1fal Hesearclu·s, p. lii•l. 

t Phil. Mug., Yo!. I ( 1871i), pp. 182-187. 
The Astronomical Journal, Vol. IX (1889), pp. '11-·U. 
Tlw Astronomieal ,Journal, YoL X (1800), pp.121-128. 
Tho Astronomical .Journal, Yo!. IV (18i>Gi, pp.173-176. 

t Phil. :\lag., Vol. 50 (187ii', pp. 227-2·12. 
~ Encyclope1lia Britannica, article Tides. 
II AnnalB of Math., Yol. 10 (1896), pp. 05-125. 
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106. In the chapter on the equilibrium of the sea he finds that-

The c111lililwi11m of the Bea iB stable, if itB dc11sity b" less than the mean de11sity of the 1•a1·th. 
If the density of the Bea p..rcced the m~an dc11sity of the t'arth, it~ fir111re ceases tu be stable i11 111a11y caBeB, 

In the chapter on particular circumstances of each port he finds that-

The 0Bc-illatio11s of the second kiud mnnot ra11ish, for the whole cm·th, excejlt i11 the single ca8e u•here the dejith of the 
sea is co11slant. 

Xo admissil1lc law of the depth of the ua can make oncillatio11B of llw third ki111l 1•a11islt ill all parts of the em·th. 

At the end of§ 15, Book IV, he says: 

Tlw in·cg11lal'it,11 of the depth of tho ocean, th1· 111a1111cr in which it is spread Ol'l1' the earth, the 11ositio11 a11d declivity of 
the shores, their co1111cxio11B with the a1(ioi11i11!/ coa.•ls, t/11: 1·11rre11ts, 1111d Ille. i·esislanccB which the waters suffer, ca1111ot poBsibly 
be submitted to au accurate calculatio11, lho11!fh lhcBtl ca11s1'B modify the oscillatio11s <\{ thiB !fl'eat j/1iid mass. All 101· ca11 do is 
to analy:c the !fC11eral phc110111e11a which 11111Bt rernlt from lh1' attractionB of the s1111 and 1110011, a11d to dcd1u~' fl'Om the obserra­
tio11B such data as 111 e indiBpensable, fo1· comp/cli11f/ in each port the theory of the ebb and .flow of the tides. Thes1' data a1·e 
the arbitra1·y '.[Ut1nlities, depe11di1111 011 tho exle11t of the s1o:f'ace of the •ea, itB depth, aml the local l'irc11111Bta11ccs of the pol't. 

At this point lie returns to an empirical or modified e(1uilibrium theory, takeu in connection 
with a dynamical principle which he liere lays dowu, viz.: 

The state of a Bystem of bodie•, in which the Jll'imitfre co11clitio11s of the 111otio11 have disappeared by the 1·esista11ceB it 
s11.(/i,rB, is pm·iodical, like the forc1·B whfoh ad 011 ii. 

Knowing the terms of the potential to be simply harmonic, and having fou ud the terms of the 
component forces to be of tlie same character, Laplace concludes, uy au argument based npou 
the iutrocluction of another equal suu, that the oscillation is simply liarmonic. Oonsequently the 
expression 

(231) 

U and ;\, being two constants dependent upon the particular port, gives the law by which the 
solar tide rises and falls, the sun heiug in the equator. 

By considering a tide propagated up a. canal having two mou tbs, Laplace 11otes tliat the phase 
and amplitude of the resulting tide are dependent upon the rapidity of the motion of the body in 
its orbit; i. e., upou the period of the oscillation, aud so 

Thornforo tho ratio of tho coelllcion ts JJrI', arnl _ll'!!_, gh·en hy observation of tho ticlc8, iH not t•xact]\· that of tho 
1·':1 .. .... 

fo l'C"S J, ll-111 [ L'. 
r'I 1'1:J 

But i;inco the constant quantities JI nnll ,1 woul1l be tho sumo for tho sun and moon, if tho motions of these 
bo;licH worn equal, it is natural to Hnpposc that their llifforences nro proportional to the <liffermH'l'S of theRO mot.ions; 
therefore wo Rhall adopt this hypothesiH, aud we shall lint! that it satislios the observations with romarkahlo 
exactness. lleuc" wo Bhall put 

1=0-m1'; 

B=l' (1-2mV); 

o, T, l' 1111d r,I beinf/ the samef01· the s1m aml 1110011. • 

(232) 

(233) 

Jn% rn, Bk. IV, Laplace investigates inequalities in the motions of the sun and moon moviug 
in the equator by means of fictitious bo<lies. He says: 

Tho mo~t important of these torms is that depondiug on tho anglo 

211t-2 mt+ 2 m, (23·1) 

which proclucos tho ebb and flow of thn tide, in tho casn wo have just examined, where the sun is supposed to ffiO\'O iu 
tho i1lano of tho equator, and to ho al wn~·s at the Hnme distaneo from thll oarth. The other torms 111ay ho consillcrl'<l 
us tho result of tho iwtions of ns umny other boclios, moving uniformly in tlrn plauo of tho cq na tor. Con1 biniug together 
tlw par(ial ebb and llow, co1T0Hponding to each of these bodies, we ~hall obtain the total ubb aml How arising from 
t.ho al'tion of tho snn. 

•Ferrel early camo to t.lw conclusion that, the !'hang•' in thn tidal ('OPITicientR 11110 to a change of Yolocity of tho 
llisturhing body iu right ascension iH uot gouerally proportional to the amouut of change in thiH \'eloc1ty. 
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If we put I for the mass of tho fictitious bocly, whoso action produces the term <lepencling on the 1111glo 
2 nt-2 qt+ 2 E, and a for its distance from the co11tro of the earth; we shall havo 

3l 
9:i=k, -a 

l 2 
or a·•= 3. k. (23T>) 

\Vo have seen in tl1e preceding article, that the sun being snppos<.>d to move uniformly in the plane of t11e 
"'t1'i11tor, with an angular motion equal to mt, the part of the exprnssiou of the height of the sea, depending on the 
angle 2 11!-2 mt+2 "'•is equal to 

L 
l'(l-2m(J)T', cos2(nt-mt+m-0-t-1111'). (:!36) 

The constant quantities J', (,I, O, T, are the Ha.me for all the hcav<·nly bodieH, whatever be their proper motionH; 
therofore tho Rnm of the partial tides, arising from tho action of all the ho<lios l, l', l", &c., will he, 

l 
:SP(l-2q</) a' cos2(11t--qt+<-O+qT);. (237) 

consequently it will he, 

.:\ 1' :Ek cos 2 (nt-qt+ t:-<>+ qT) 

+ i l'<J (~ :Ek !!ill 2 (11t-qt + E-O+qT); (238) 

1/11: differt:ntial 1udn!f taken •1tpp0Bi11y 11t to be co11sta11t. Bnt by what prcce<les, we have 

2,"k cos 2 (111-qt + F. - O+ q1')=~_!; CO!! 2 (11t + <D-rp-,\)j 
-r 

the time I being decreased by T, in the variable quantities nt, ¢, r, of tho Hecon<l member of this oqnntion, nud 
,1=0-n1'. Therefore the part of tho height of the ti<lo depending upon the action of the sun, and also upon tho 
angle 2 11t + 2 "' -- 2 1/1, with tlui prece1ling conditions, iR represented by 

P !:. cos 2 (nt+m-1/J-A)+l'Q d I~ si11 2 (nt+"' -1/J-A) (. 
~ ~i~ ' 

(210) 

If wo tranafor to the moon what we have !!aicl relative to the Rtm, we Kball find, that the part of the height of the 
tide depo11ding upon the lunar action, and tho rotatory motion of tho earth, i!! 

I' L' cos 2 (nt + G:J- ifJ' -A)+ PC/ cl ~ !,'sin 2 (11t + G:J- l/!' -,\) ( 
~ ~I~ I 

(:!41) 

in which expression tho timo t must also he <lecrensod by T. 

Introducing the declination aud the part independent of the rotary motion of the earth, the 
general expression for the height of the tide is found to he 

- 1 + 3 C08 2 0 I L ( 1 'l . . ) + /,' ( 1 3 . ' . , ) <r11-- .. ·- _3 . i , .. , -. sm· v r"' -. Bill \ 

8 !J (1---) 
5p 

+A I~ sin v co~ v co~ (11! +at-1/1-y) +/,'Hill, .. coH v' cos (nf +G:J-l/!'-y) 
lr 1 r'~ 

+u-~) !.:, Min v cos v sin (111 + G:J-1/1 -y) + // si11 v' cos v' sin \nt+r.i-1/1' -y) 
dtir· ~· 

+I') L CO!!., v ('OH 2 ( 11t + <D-1/!-?..) + ,,_' cos' v' COB 2 (11t + <D-1/1' -A) ( 
( , .. , ,.1.1 s 

+I'</ d j f, COH" \'Hin 2 (nt+ <D-1/!-.A) + L' eo!!'V' Hin 2(11t + G:J-1/1' -- 1l) (. 
dt i ,.. r'·' I 

In thix e,·presxion thr. dWere11tialB m11st be take11 supposin!I nt to be co11sta11t; ancl the ti111e t must be di111inished liy a 
co11sta11t q11a11tity 1'', in the tenns 111ultiplied by A, B; and /1y the constant q1ianlit,11 T, in the: terms 11111lti11liccl b,I/ P, Q; these 
co11stanf quantitiex, as well as A, B, y, 1', Q, ?.., must be tletermi11ed, in each part, 1111 ubxe1Tation. 

107. Now observations made at Brest show that the terms in Band (j are small aud may be 
neglected, an<l so the preceding formula becomes that resulting from the equilibrium theory.• 

• Soe below; also uml1•r Ferrol. 
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This formula gives the height of the tide at any instant. [Laplace finds for the tide at Brest 
(Bk. IV, § 41) 

ay=-7' -0""02745 [fl (1-3 sin'! v + 3 i"1 (1-3 sin2 v')] 

+om·07179 W sin v cos v cos (u-(i()O ;1')"+3 i 1
:
1 sin v' cos v' cos (v+1f'-1/"-66° 5')] 

+0111·78112 [i3 cos2 v cos 2 (u-660 5')+3 i'3 cos2 v cos 2 (v+1p-1/·'-660 5')]. (243) 

Here v deuotes the sun's hour angle; i, the ratio of the sun's meau distance to its actual 
distance.] 

To fiu<l the times of high or low watei· all but the terms in P can be omitted, aud we liave 

upon equating d
1
!1 to zero 

lt 

;.~ cos2 v sin 2 (1/:-1/J) 
ta11g2(nt+ur-1/,1-A)= 1 , ·--- -- ---1--------

.. , cos2 v' + ~ cos2 v cos 2 (1') -1'.-') r'3 r1 1· 1 

Range of ti1le = 2 PJ(fi c~~;-;-y+~;f cos2 ~~~: cos2 v' cos 2 (1/,1 - 1/) + ({.~~ cos2 v' y 
Hauge of tide near the syzygies =Y" = 2 P l 1: cos2 v ± Y cos2 v1 } 

quadratures I r1 r'J 

4 P L 2 L' . 2 
-:1 cos v /3 cos v 

=t=- - ~-- ::----- -· - { (1f"-1/J)2 + k q2}' 
L 2 ±J., 2 I 

1;:1 cos v ?;/3 cos v 

(2'14) 

(245) 

(246) 

11 being the variation of the arc 1//-1/J in the interval of two consecutive high watC'rs near syz":J·gy 
or qua1frature; if:'-1/J is taken at a time of a low water, and so for the mean of two adjacent high 
waterti · 

Th 
1 946 . 

1 
decrease near the syzygies. 

e ast term of (- 1
) is t 10 increment near the quadratures. 

The time of high water is also given by the equation 

1'
1

1 
cos2 v sin 2 (1f/-1l') 

r'· 
tan 2 (nt+ur-1/·-A)= ,-·- , 

L 2 +], . 2 I 2 1' 1) Cos V C()s V Cos (! " _,, r3 r'3 , -
which near the syzygies may be written 

L' · (1//-¢)- cos2 v' 
,.13 

nt+ur-1/:-A.=- , ; 
L cos2 v'+L cos2 v 
r'a r3 

similarly uear the quadratures 
L' (ifJ1-1/•) -·. cos2 v' r'3 nt+ur-1/·-A=- --·--·- --·--· 

L' 2 • £ , 2 
r':i cos " - r" cos v 

(247) 

(248) 

(24!)) 

(250) 

These expression8 give the retardation of the tille 11Par the syzy~ies awl near the quad­
ratures. 
----·- ----·- __ ,,,,, __ 

• Sexngesimnl. 
G.iS4--28 
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Observations show that at Brest 

(251) 

very nearly (§ 31, Bk. IV). With this assumption, the above forrnulre, all of which follow from 
the equilibrium theory, enable one to verity the theoretical part of the statements here quoted: 

We Bhall now rccapit1tlate in a f~w wordB the principal phenomena of the tideB, and their relation with the laws of 
uniVMBal u1·al!itatio11. \Ve have generally considered these phenomena near their maxima. un<l niinima, and we ha,·e 
divided them into two cla8ses; the one rclath·e to the heights of the ti1les, tho other relath·e to the hours of the tides, 
and their inter\•als. \Vo shall now examine separately these two classes of phenomena. 

Tho heights of tho tides in each port., at their 111a.r.i1111w1 near the syzygies, an<l at their mini11111111 near the quadra­
tures, are tho data of tho obsorvati01m, which best show tho ratio of the actio111> of the snn ancl moon upon the ti<les; 
and by means of this ratio, tho vdrious phenomena of tho tides, which result from the theory of universal gravitation. 
One of these phenomena, which fo very }!roper for the verification of the theory, ii> tho law of the diminution of tho 
tides from the time of ?ll(!Ximum, or the law of t!ltlir increase from tho millimum. We have seen in [2593', 2716], •that 
tho theory of gravity accords pc::fectly with the observations in this res}lect. 

These laws of tho decrease and increase of the tides vary with tho declinations of the sun and moon: we ha,·o 
seen in [2590, 2592J, that their decrea8e 11ear the ByzyuicB of the equi11oxes, iB to theil' co1·r.,Hpondinu dec1·eaBe near the ByzygieB of 
the BolBticcs, in the ratio of 13 to 8; and that this result is conforruahle to th~ theory of gravity. t \Vo have Heen lilrnwise, 
[2717', 27.18'], that the increment of tho tidcB, counted .from the mininwm near the quadrat111·eB of the equiuoxeB, i• to the 
correBpondi11g increment near the quadratureB of the BOIBtices, aB 2 lo 1; and that the theory of gravity givei> nearly the 
same ratio. t 

According to this theory, the height of the total tide, at itB maxinium near the syzyuies of the cquinoxeB, iB to the 
correBpondin[! height 11ea1· the Byzygies of the solstices, nearly aB the Bqua1·e of the radiua is to the Bq11are of the coBineB of the 
declinations of these bodies 11ear the solsticcB; and we havo seen in [2590, 2592], that this differs hut little from the 
result of observations. By the same theory, the exceBB of tit~ heightB of the total tides, in their minimum, near the quad­
ratureB of the BOlBtices, abot'<l their correHpo11di11g heightB, 11ear the quadratureB of the equinoxeB, iB the Banie aH the exceBB of 
the heiuhts of the total tides iii their maximum, near the Byzygie& of the equi1wxe•, abore their con·espo11di11g heights 1wai· the 
syzygicB of the BolBtices; and we have seen [2590, 2592, 2717', 2718'] tliat this is exactly conformable to the theory.t 

The influence of the moon npon the tides increases, by the pri11ciple of g1·avity, aB the cube of ilB para liar; nnd hy 
[2608, 2623, &c], this is so exactly conformable to observBtion, that we might haYe deduced from obser\•ations the law 
of this influence. 

The phenomena of the intervals of the tides accord equally well with the theory, as those of their heights. 
A.ccor11ing to the theory, lfte daily retardation of the tideB, at their maxinium, near the syzygieB, is 011/y about half what it ia 
at their 1;1i11imum, near the quadrat11rcs. In the firRt case it is nearly 27' 9 [2757], and in the last eo..~e 55' [28311. We 
have seen in [2745, 2809], that tho observations differ bnt little from this result of the theory.II 

The retardation of the ticleB varies with the clcclinationB of the bodit'B. .dcco1·ding to the theory, it iB ureater in the syzygieB 
of thesolBtices, than in thoBe of the equinoxes, in the ratio of8 to 7. In the quadrature• of tho cq11ino:res, it is [!Teater than in those 
of the BolsticeB, in the ratio of 13 to 9. \Ve have seen in [2777, 2839'], that tho observations give nearly the same ratios.II 

The diBtanco of the 11won fro1n the earth h«B an influence on ;the retardation of the tideB. According to tho theory, an 
increaBe of 011e 111inute in the semi-diameter of 1110 moon, 1wod11ccB an i11creasc of 25811 [2783] in. tltiB retardation, in thR BYllYf/icB, 
and only 90'' [284.7] in the quadratureB; and we have seen in [28-l7], that this agrees with tho observations, and con­
forms in every respect, relatively to the tides, to the law of universal gravitation.~ 

We ha.vo treated folly on the ebb and flow of the soa; because it is ono of the results of the attraction of the 
heavenly bodies most obvious to us, and the law which regulates it can bo examined at every moment. It is hoped 
that the theory of the tides hero gi'Ven will i1uluce ohserverH to attend to the subject, in ports which, like Brest, are 
well situatocl for such observations. Accurate observations, eoutinue<l during a period of tho revolution of the moon'11 
nodes, might fix with precision the olements of the theory of tho ebb and flow of tho tide, and perhaps make 
sensible th11 small oscillations depending on tho inverse ratio of the fourth power of the distance of the moon from 
the earth, which have heretofore been confounded with the errors of the obi>orvations. • • 

-----··-·-----------
*References markocl with brackets hem refer to Bow11itch's Lapluco. 
t Last term of equation (2.16). 
t Equation (246). 
§ 27 minutes decimal time= 391n ordinary time; and 55 decimal minutes =79 ordinary. 

111 clec.=n da.y=2h·4 ordinary. 
1111 dee.= ( T~l>->1' = nhnr day= }m·44. ordinary. 
1• dec.=(m)"'=~ day=()a·864 ordinary. 

II Equations (248)-(250). 
~Equations (248)-(250). 

1° = m rt. angle= 0·9 degree, sexagcsimal. 
11 =(Th)"=nhir rt. anglo=0·54 minut11 of nrc, sexa.­

gesimal. 
l"=(Tbu)'=r01n\mnr rt. angle=0·3:!4 Mecoml of arc, sox-

a.gosimal. · 

"*The quotations from Bk. IV follow Bowditch's translation ancl italicizing. 
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108. lu the thirteenth book, Laplace writes the semidiurnal tides iu the fo\·m 

AL r3- cos4 z c cos (2 nt + 2 r.r-2 mt-2 A.) 

+ 2 -~f, si112 c cos (2 nt + 2 r.r -2 r) 

A'L' + rd- cos4 z s' cos (2 1tt + 2 r.r - 2 m't - 2 A.') 

iBL' . ?. ) + 2 -;:;·3 SIU2 s' cos (2 nt + r.r - .. r 

when the constants A, A', B, y, il, A.' are known only from observation.,,,. 

435 

(252) 

At a time T when the cosine of the first angle is unity, and the sun is distant 111T from the 
equinox, the range of the solar tide is 

2 A L 4 i + B L . 2 ?. T ·.:i·· COS 2 c - 3 Sill c COS., m .. 
1 r 

(253) 

If p denotes the square of the cosine of the declination at syzygies, 

• 2 2 1' 
cos2 v = p ....:.. 1 - SU~ f- + ?OS -2~ ; (254) 

and since 

(255) 

the above may be written 

2 A ~1 p - (A - B) ~~1 sin 2 s cos 2 mT. 
r· r 

(25fi) 

Similarly, the high water of the lunar tide may be written 

L' . L' 
2 A' "-"-~p' - (A' - B) - 3- sin2 s' cos (21n'T - 2o), 

r'" r' 
(257) 

o being the right ascension of the ''intersection." 
If P, Q denote the sums of the squares of the cosine of the sun's declinations at equinoctial 

and solstitial syzygy, respectively, and P', (J' similar quantities for the moon, then the value of i 
rauges at equinoctial syzygies is 

2 fo = 2 A!-! P + 2 A' 1·0273-i -[;'I'' rJ ~3 

- (A - B) ~ (P- Q) - (A' - B) 1·02134 f,~ (P' - Q') (258) 

where 1·02734 is written instead of unity because the inequality of variation increases the ti<le­
producing force of the moon in the syzygies by 2·734 per cent. 

For solsticial syzygies 

2 ia' = 2 A [!
3 

(J + 2A'1·02734 ~3
1 

Q' 
r r' 

+ (A - B) L (P - Q) +(A' - B) 1°·02734 [!' (P' - Q') rJ . 1•'J , (259) 

2<l' may be supposed to refer to equinoctial syzygy and 2a' to solstitial syzygy. 
For equinoctial quadratures 

2 fa"= 2 .fl' 0·07266 !.;_' Q1' -2A!! P 1 J-13 1·3 

+(A' - B) 0·972G6 !/(Pi' - Qi')+ (A - B) !: (P1 - Q1). 
r 1

•
1 r 3 

(2li0) 

•Tho terms in B nro solar nnd lunar KQ, tho orbits uoing circular. F. 1 E' donoto incliuations of tho orhitB lo tho 
piano of the lllpmtor. 
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For solstitial quadratures 
2 ia'" = 2 A' 0·97266 I.:_' p I - 9 A L Q 

:p!3 I .., 1'3 I 

- (A' - B) 0·97266 !',:(P1
1 - Q1')-(A- B) !:, (P1 - Q1). 

r• r 

'Uppose the values 2 ia, 2 ia', 2 ia", 2 it~"' to be known from observation, and P, Q, P', <J', ... 
to be taken from the almanac; the unknown quantities are 

L ,L' L L' A - , A ---- , B , B - . 
r" r'3 r 3 r'3 

(262) 

If the two latter could be fournl, then the ratio~;./, ~-would become kuown; and, taking from 

astronomy the distances of sun and moon, the relative mass of the moon ( L') would become known. 

But B~, B~: cannot he determine1l because we caunot eliminate the one without eliminating the 
r r ' 

other. Accordingly Laplace assumes, as in his fourth book,• 

.A = ( l + m.v) B, A'= (1 + m':i:) B, (263) 

wherein m/m' = sun's motion -7- moon's motion = 0·0748. From these relations aud the four 
observation equations, the four unknown quantities and m'.r or 111.r become known, an1l so the ratio 

~'./f.· 
For Brest Laplace finds 

[old ob:->ervations gave about ,3] 

New observations 
( 18o7-1822) 

, Old ohserimtions 
(1711-1716) 

EQUINOCTIAT, SYZYGIES. 

met. 
48·a= r53·7rr 
48·(, = 3·388 

met. 
150·235 

3·163 

SOLSTITIAT, SYZYGIES. 

4S·a1 = 134·325 
48·~1 = 2·078 

132·371 
1'945 

EQUINOCTIAI, QUADRATUR:r;s. 

48'<t11 = 56·561 
48·011 = 7'744 

58·033 
7'495 

SOI,STITIAI, QUADRATURES. 

48·a111 = 74·769 
48·0111 = 3·394 

m'x = 0·25291 

L'/L' = 2·35333 r 1:• r:• 

75·517 
3•410 

Mass of moon= 1/74·946. 
Age of phase inequality in these four cases: 

r:~~~~~} f.'51a49 =the quantity by which maximum tides follow syzygy; 

l:~~~g~} f:51116 =the quantity IJy which minimum tides follow quadrature. 
-- - -- - - ---·-- ------·------- ---- - --- ·- -------- ------- -------

*Cf. equation (233); nleo Ferrel, United States Const Survey Report, 1870, pp. l!JO-l!l!J. 
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He adds that the interval from syzygy to maximum tides and the interval from quadrature to 
minimum tides m<iy be regardcrl as equal. This is in accord with the old observatio11s, which gave 
1·50724- and 1·5077 (Bk. IV,§§ 24, 31 ). 

['l'he variation in height (of which (J is a coefficient) near spring or neap tides is as the square 
of the time from them.] , 

lu the fifth chapter, Laplace writes the diurnal portion of the s1111's disturbing force in the 
form 

:u, . n () { sin E sin (nt + tv') } 
'> ·1 Slll £1 COS • · ( t 2 -~ ' ~r - Slll E Slll n + tV - 'f' 

(264-) 

thus bringing to light the two components which have since been styled solar K 1 and P 1• Simi­
larly the lunar attraction gives rise to two waves since styled lunar K 1 and 0 1• Ho determines 
the amplitude of the diurnal tide by ml'ans of observations around the solsticial syzygies. He 
finds its range to be 0111

•
1·2134, while that of the semidaily t.ide is 5""'1·60, the equilibrium theory 

giving ouwt.r,74 and 0 111 •t·:350, respectively; also that the high water of the dirunal w:we precedes 
that of the semidirunal by 0<1·095.• He says: 

Thus, by the effect of tho rotation of tho earth antl accosBory oircumstances, tho diurnal title is reduced to nearly 
one-third [of its theoretical \"aluo], while the 8emidlurnu.l tido liecomes multipliet! by lli. However, this grout diffor­
onco ought not surprise us, if we con8ider that, by Book IV, the rotation of tho earth tlest.roys th1i diurnal tide inn 
sea everywhere of oqnal depth; 1111d that if the depth of the sea is rlii of tho terrestrial rndins, or about 9,000 
metres, the height.~ oftbe semidiurnal tide in the syzygies is 11 metres. 

Iu the sixth chapter he detects a tide depending upon tl1e fourth power of th~ moon's parallax 
and having· a period of one-third lunar day. 

-------·-- ---·-·· -· ·---------·· 

•From recent harmonic analysee,2 (K,+01 +Pi)= l.OOfoot=0.30 meter; l\k'-K,0 -0 1''=66"=2.3 hours=0.09da~·. 



CHAPTER VIII. 

WORK SINCE THE TIME OF LAPLACE. 

109. Dr. Thomas Yomig (1773-1829). The tidal theory of Dr. Young is contained in the 
Encyclopredia Britannica, 8th edition; article, Tides.• 

He seems to have been the first to distinctly suggest an extensive system of cotidal lines. 
But iu reference to it he adds: -

If, however, we actually make such an attempt, we shall soon find how utterly inadequate the observations 
that have been recorded are, for the purpose of tracing the forms of tho lines of contemporary high water with 
accuracy or with certainty although they are abundantly sufficient to show the impossibility of deducing the time 
of high water at any given place from the Newtonian hypothesi11, or even from that of Laplace, without some direct 
observation. 

Somewhat after the manner of Euler he first treats the tidal problem by the equilibrium 
theory, using the horizontal component of the tidal force. He does not fail to notice the necessity 
of taking into account the attraction due to the high-water regions when the density of the water 
is considerable. Ile states as theorems that the (horizontal) disturbing force of a body varies as 
the sine of twice its altitude; that an oblong spheroid with its axis passing through the disturbing 

·body is a form of equilibrium; that the tide will be propagated with a velocity equal to the 
velocity acquired by a body falling through half the depth of the fluid· (Lagrange's rule); that 
''the oscillations of the sea and of lakes, constituting the tides, are .subject to laws exactly similar 
to those ot' pendulums . . ." Besides these he states theorems relating to the disturbing 
attraction of the meniscus of water, to the reflection of waves, and to certain differential equations. 

He introduces fluid friction into his equations, generally regarding it as proportional to the 
square of the velocity. The arbitrary constants entering into his solution, being assumed at 
pleasure give possible explanations for phenomena observed in various places: such as unusually 
large or small tides; also, whether high water or low water should occur at the time of transit. 
He finds that the "age" of the tide may be explained either by the difference of the velocities of 
sun and moon, or by the resistance due to friction. In fact, he was the first to mention the latter 
explanation. His equations refer to a single oscillating particle without reference to the ocean as 
a whole, and so their solution must be regarded as giving results analagous to nature, but not 
as being a complete solution of the tidal problem. This manner of treating the subject, while 
open to criticism from a theoretical point of view, is in line with most working hypotheses and 
especially that underlying the harmonic analysis. In further anticipation of this analysis, it may 
be noted that he gives some developments of tidal forces, and that he makes the following 
significant statement: 

There is indeed little doubt, that if we were provided with n. sufficiently correct series of minutely accurate 
obsen·ations on the tideR, made, not merely with a view to the times of low nnd high water, but rather to the 
heights at the intermediate times, we might by degrees, with the assistance of the theory contained in this artlch1, 
form almost as perfect a set of tables for tl1e motions of the ocean as we have already obtainc>d for those of the 
celestial bodies, which are the more immediate objects of tho attention of the practical astronomer. There is some 
reason to hope that a system of such observations will speedily be set on foot by a public authority; and it will be 
necessary, in pursuing the calculation, on the other hand, to extend the formula for the forces to the case of a sea 
performing its principal oscillation in a direction oblique to the meridian, as stated in tho beginning of this section. 

The results of lVeber brothers' experiments on waves are published in their treatise entitled 
Wellenlehre auf Experimente gegriindet (1825). In this book reference is made to nearly all 
previous researches on waves. 

~This article was written in 1823. The first complete mathematical sketch of his theory was published in 
Nicholson's .Journal, Vol. 35 (1813), pp. 145 and 217. Both articles may lie found in hie M1ecellaneoue \Vorks, Vol. II. 

438 
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110. Henry R. Palmer.• This engineer has given an account of a self.registering tide gauge 
which he designed aud used in recording tides in the port of London. 

A l.10l111w iron float rises and falls with the tide within a protected well or float box. A 
chain passes over a barrel or float wheel. Two ends of the chain rest upon the ground, "so that 
the weight of the chain on each side of the barrel is always equal.'' Shafting connects the float 
wheel with a pinion which, workiug in a rack, moves the recording point or pencil. The record 
is made upon paper passing over a large drum, and wound up on a smaller one, Hourly impres. 
sions, in the figure of an arrow and along the margin of the sheet, are made by means of a punch 
actuate1l by a hammer and cam wheel. The direction of the arrow is that of a weather vane on 
the top of the tide house. He proposes a counterpoise equal to the resistance of the friction of 
those parts which the clock hm; to move. 

In 1833 George Rennie communicated to the British association a paper entitled "Report on 
the progress and present state of our knowledge of hydraulics as a branch of engineering." The 
portion of the paper (B. A. A. S. Report, 183·!, pp. 415 et seq.) concerning the flow of rivers is of 
considerable interest, especially from an historical point of view. 

111. Sir John W. Lubbock (1803-1865). 
The writings of I~ubbock on tides are, for the most part, contained in the Philosopical Trans­

actions and British Association Reports covering the period 1831 to 1837. Besides these papers 
may be mentioned his account of Bernoulli's paper, also An Elementary Treatise on Tides (1839). 

In his first paper on the tides of London t he discusses high· water observations extending over 
19 years, beginning with 1808. He adopts the (half) hour of transit as one of the arguments of 
tabulation and for the other, according to the iueqnality concerned, the time of year (month), 
moon's horizontal parallax, or declination. He also separa.tl's the upper and lower transits for the 
month of June, thus obtaining the diurnal inequality for that month for each hour of transit. In 
bringing out the various inequalities he makes use of all observed tides and not of certain groups 
as did J_,aplace. Tabulations according to his method have been quite extensively used in the 
formation of the tide tables for the coasts of Great llritain. Whewell, Ferrel, and others have, 
with certain modifications, followed this method first laid down by Lubbock. 

Upon consulting available authorities, he prepares two charts, one for the coasts of Great 
Britain and one for the world; on these are written the hour of tide (at full and change) in Green­
wich time, also in local time (i. e., the establishment). Although he does not actually draw cotidal 
lines, he introduces the term "cotidal line" which be defines as a" series of points at which it is 
high water at the same instant."f 

Lubbock early reaches the conclusion that the constant implying the moon's mass so varies 
from place to place that the moon's mass as determined therefrom and after the manner of Laplace, 
must be unreliable. He also finds that the variation in the retard from place to place is sometimes 
difficult to account for. 

The London high waters being deficient in diurnal inequality it is from the Liverpool tides 
(Phil. Trans., 1836) that Lubbock deduces the magnitude of this inequality. He tabulates it with 
reference to the hour of transit and the time of year (and so for the various declinations of the 
moon). He finds the maximum value to occur about six days after the extreme declination of the 
moon and the dittereuce in high-water heights there to be about 1 foot. Ile says: "The diurnal 
inequality in the interval appears to be insensible [at Liverpool]." 

The observed corrections for parallax and decliuation do not at first agree with the theory of 
Bernoulli. But Lubbock points out the cause of this disagreement in n, paper read before the 
Hoyal Society, June 16, 1836. His results previously published were obtained by referring the 
tides to the immediately preceding transit; but in this and in subsequent papers, such a preceding 
transit is used as will nearly allow for the retard of the tide. The parallax and declinational 
corrections then conform much more closely to theory. He says: 

The vnriations in the intervnl between two Rncces~iYe transits of the moon are, in fact, of the e11me order in 
amount as those in the interval between the moon's transits and the time of high water due to the variations in 

•"Description of a graphical register of tides and wirnls.'' Phil. Trans., 1831, 11p. 209-213. He11d March 10, 
1831. It was recording the London tides as early 11s 1828. (Fig. 40, Airy, Tideo and Waves.) 

t Phil. Trane., 1831, pp. 370-415. 
Ubid., p. 882. 
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magnitude of the attra.cth·e forces; and when the interval between the time of high water and the moou'i; transit 
i111111f•diately }lrecedi119 is consiclered (at least on our coasts) the variationi; from both these causes are mlxecl up 
together. 

Co11cerning tlte connection between the height of the barometer aud that of the tidl', he says: 

~1. I>a.ussy ha& ascertain~il that at Brest the height of high water varies inversely as the height of th" 
barometer, an<l that the ocean rises 0·223 metre, or 8•78 inches, for :t 1lepression of 0•0158 metre, or 0·622 inch, iu the 
barometer· .•..... 

\Ve may say roughly th1it at Liverpool a fall of one tenth of au inch iu the barometer mises the tille an inch, 
cwteris J1arib11H. The ti mo of high water appeared not to be mnch affected. 

It appear~ that north-easterly wiulls at Lh·erpool llqlress tho tiilo, and sonth-weskrly winds raise it. As north­
erly wind!! rais1~ the harometer and southerly wind• depre"H it, it will he llifficnlt, if not impossible, to separate the 
effect of winds and that of the variation in the presi;ure of the atmospher" from each otber. 

Bnt if the tale originates at a very remote 1listanc'' 011 the surfaco of the earth, t.he atmospheric pressure tlwre 
has probably more influence upon tho pheuo111e11a than the pressuro in our vicinity. Thii; ditliculty is diminished 
by the circumstanco that the great fluctuatio11s ol tlrn b:iron1ekr urn not rapitl, autl that the variations in the 
pressure of the atmosphero are extremely exteusi\·o. It will still, howe\·er, I apprehen1l, lw very difficult to distin­
guish between tho offects arising from ,·ariations in tlrn atu10sphorfo prei;sure, and those urii;ing immediately from the 
effect of wiud, as I have before remarked.• 

Lubbock resumes this subject in the Trarnmctions for 1837, p. 97, and for 1838, p.103.t 
In a paper contained in the Transactions for 1837, Lubbock assigns the letters A, B, 0, D, E, F 

to the transits upper au<l lower in the order of their occurrence, F marking the one immediately 
preceding Londo11 high water. 

112. JJr. William TV he well (1794-1806). 
Whewell wrote extensively on tides a111l thl'ir atten,lant pheuomeua. His most important 

papers on these sn~jects are contained i11 the Philosophical Transactions aud the reports of the 
British Association between the years 183~~ and 18;34 .. 'l'hey co11tain much information about tides 
all over the world. His discussions or reductions are generally along the lines laid down by 
Lubbock. He was the first to draw cotidul lines,t although Lubbo'.!k had already marked the 
cotidal hours upon two charts. 

He was at, the head of a movement to obtain simultaneous observations over as large a portion 
of the earth as possible. In 1834 he succeeded in obtaining a fortnight of such observations 
around the British Isles. But between June 8 and June 28, 1835, simultaneous observations were 
mad~ from LouiRiana to Nova Scotia and from tl1e Strait of Gibraltar to North Cape. The results 
are published on pages 308 to 341 of the '.I.'ransa'ctions for 1836. These observations were upon 
low as well as high water. Later, in the Transactions for 1847 and 1851, he strongly recommends 
a similar procedure for the Pacific Ocean. The simultaneous observations threw much light upon 
tlte form of cotidal lines, showing, among other tltiugs, that in general these Jines meet the shore 
at very acute angles. 

Several descriptive terms, not all of which have come into general use, are due to Whewell. 
Of these may be mentiouerl the following, tog-ether with the year of publication in which they first 
occur: Points of convergence, points of divergence, time of slack water vs. time of l1igh water, 
semimenstrual inequality, corrected c>stabli:-;hment, vulgar establishment, age of the tide (Phil. 
Trans., 1833); coeflicient of tlte semi menstrual iuequality (Phil. Trans., 1834); retropositiou, luui­
tidal interval, mean lunitidal (Phil. Trans., 1836); incidence [of diurnal inequality] (ll. A. A. S. 
Report, 1851 ). 

Whewell treats at some length tlte question of diurnal inequality. He points out the fact 
that tlrn age of this inequality may vary very rapidly from place to 1~lace and that it may be 
quite different from the age of the phase or parnllax i11equality. Hence no one age is common to 
all inequalities. The simultaneous observations of J u11e, 183.~, already alluded to, afforded a large 
variety of tides, and showe1l the prevalC'nce of this inequality on the eastern coa.=-t of America and 
the outer coast of Europe. His work pertai11ing to this subject is not very accurate, because 

"Phil. Trans., 1836, pp. 219-221. 
t Cf. T. G. Bunt, H. A. A. S. Report, 1841, pp. 30-33; J. C. RoHs, Phil. Tra11s., 1854, JlJl. 285-291; Airy, Tides nnd 

Wo.ves, Arts. 572, 573; Fe1rel, U.S. Coast Snn·ey Report, 1871, l'Jl· 9:J-9!J; Hchm1ck, Dus Flutphiinomen; Lentz, Flnt.h 
nntl EbbB; '1'. L. Ortt., Nature, Vol. 56 (1897), pp. 80-84. 

I Phil. TranH., 1833, 1836, 18·18. See untler Dr. Yonn..:;. 
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he considers the diurnal inequality dependent almost wholly upon the moou, arnl ;;o tl1e imn'" effect 
is not properly allowed for. 

Whewell describes (Phil. Trans., 1837) a graphic method for obtainiug the diurnal wa \"C. 'l'lte 
method is applicable ouly when its rauge is small in comparison with the mean range of 
title. It will be readily recognized as a forerunner of Pourtales's method. ""ith the times of 
the tides as abscissm, aud the iueqtialities in the individual high or low water heig·hts ns 
ordinates, poiuts a.re located through which a sinuous curve is passed by inspection. The hig-h­
water inequality c1irYe properly combined with a similar one for the low waters gives the diurnal 
wave as it appears from day to day. 'fhe following are some of his conclusions in regard to the 
dinmal inequality: 

The diurnal inocprnllty <lopontls upon tho moon being north or south of tl111 equator; its maximum co1TC8Jio11ds to 
(hut is not nece8sarily simultaneous with) the moon's greatest tleclinatiou; am! tho porio<l of its Yanishing corre­
sponds in like mmmor with tho time of tlw moon passing t.lw e<[lrnt.or. Between perimls corresponding to two such 
pnssngoH, the inequality increases from 0 to a maximum, uucl decreases to 0 again; after which it again increase.-.• 

Tho different epoch [a.ge] of the diurnal i1rnqnality in ditferont parts of the world is a very curious fact; a.nd 
tho more so, since it is inconsistent with tho mode hitherto adopted of explaining the eir<'umstancos of the ti<les by 
conceiving a. ti<le-wave to tr:n-el to all shores in Hucccssion It would Hcem as if Urn tidal phenomena 
on this side of the Atlantic corresponded to an epoch (of the e<1nilibri11rn-theory) two or three clays Inter than "tho 
snmo llhcnomena in Amorica; n.ml wo may perhaps add, that different kinds of phenomena. do not appear to truvt•l at 
tho same rate. t 

Tho diurnal inequality [in time] is nlso very large in places where tho tide hns to run far inland, as in the l'omul 
of Christiania in Norway, and in tho Zuydor Zee in !-lolland.t 

\Ve caunot know, except h~· observation, to what transit of the moon any tide bclo1111•; hut it is manifest that 
if wo hegin with any tide, the tides must helong alternately to south and north transits, nncl therefore tho abo,·o 
alternation of greater and smaller tic!tis, a.s tho moon has north or Houth declinatie>n, must come into view.§ 

On the en.st coaHt of America., the changes of t.Jiis inequality appear to lw eont.emporaueous with the correspond­
ing changes of the moon'H declination, u.nd tho epoch is ze1·0. On the coasts of Spain, Portugal, und France, it is 
fmccessirnl~· tH·o anti three days. And this is quite consistent with the fact that this epoch is four dn.~·s on tho <'oust 
of Cornwall and Devonshire, fire days at Bristol, six at Liverpool, and IH•cll"e at Leith.ii 

It is easy to conceive tho diurnal inoqua.lity carried n little further than it is at f'ingnporo; so that at a certain 
stage of it tho alternate ticles would vanish. This is ocp1h·alont to supposing tho highest low we.tor and tho lowest 
high wu.ter to have the same height. 

Thero are statement8 of rnwigators rospcctiug \'urions plu.ces ut which there is "only one tide in twenty-four 
l..1011rs." From what hn.H been saitl it appears tha.t thit1 rnay happen <luring n irnrt of 01ich somilunntion [hulf-tropicnl 
month] by tho otroct of tho ino<Jlrnlity now under couHitleratiou, bnt that it cannot in this way I.Jo l)onstantly 
tho case.fl 

!Tsing tho phrases which have predously boon employed on this suhjoct, tho epoch of tho.diurnal inequality is 
zero, and tho effect of the moon's declination reache8 l'etropaulofsk without an.1· dt1lay or retardation. 

But this view of tho Ja.ws of tho ticle>i at this placo, which might otlrnrwit1e he a.eceptecl without.· difficulty, is 
extremely perplexocl and intorforod with by tho other parts of the diurnal inoquality,-the ineqnulity of heights at 
.high water n.nd of times of low water. For though those ineqnalitios am not so large or so regular as the others, 
still they aro sufficiently marked and ste:idy to allow their laws to ho soon beyond doubt. And it appenrs, not only 
that tho epoch of these p1Lrts of the inequality does not agrt1ll with that of tho others, but tha.t these two inequ11lities 
altcr11ate with the other two, vanishing when tho other roach their maxima, and showing their maxima. when the 
others vanish. 

This is a. very 11erploxing circumsta.uco; for wo cannot don ht that tho diurnal inoqnnlity depends upon the 
moon's not moving in tho oqnator; and therefore, how this inequality should affect the height of high water and 
the time of low water most, at that l>oriod ut which the moon is in the ecJ1111tor, it is difficult to conceive.*' 

As I have f!hown in former memoirs, wo may represent the usual diurnal inecp1a.lity at any place as the effect of 
a tide waye arriving at tho shore once a day and superimposed upon the semidiurnul tide wave. \\'o n.re naturally 
lot! to n.sk whether such a mode of representation is npplicablo to the tides now under consideration. Tho features 
which the diurnal iuotprnlity exhibits a.+, Petropaulofsk nre not, for tho most purt, inconsistent with suoh a. repro­
souta.tion. Thus, that tho inequality should u.tfect high water nnd low water very differently is easily oxpla.inecl. 
Nor is there a.ny ditllculty in accommodating tho h~·pothesis of tho diurnal WO.\'e to oue of the moHt curious of the 
I11ws which wo h1Lvo disco.vored; namely to this, that the iuoqnality affectH in the large~t degree the time of high 
water and tho height of low wator. ti 

• J>hil. Trans., 183ti, pp. 301-302. 
t Ibi1l., p. 304. 
t Ilti i.., 18:lt3, p. :m-,, 
~ lhih .. 18:H. p. iii. 

II Ibib., 183i, p. 81. 
fl Ihib., p. ~3. 
*" Ihih., Jl-(rn, p. lti~. 

tt Ihiu , p. ltl5. 
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On page 84, Phil. Trans., 1837, Whewell reaches the important conclusion that the mean height 
of the sea (half-tide level), as determined by the four tides of a day, is nearly constant, even where 
the diurnal inequality is large; also that this plane is preferable to such a plane as mean low water 
or mean high water. · 

It appears that in all these cases the mean height of the sea. is very nearly constant. This is most remarkable 
at Singapore, where, though the successive low waters often differ by' six feet, the mean level only oscillates through 
a few inches. At Plymouth the mean level is not quite so steady. The fact is, that at tlmt port the low water 
varies more by the difference of springs and neaps than the high water doeH; and hence the mean level slightly 
follows the low water, and is lowest at spring tides, and highest at neap tides, or perhaps morti exactly a day or 
two later. 

"The level of the sea at low water," a phrase sometimes used by surveyors, is altogether erroneous, and may lead 
to material error. From the instances just quoted (and indeed from the nature of the case}it is certain that the mean 
height of the sea is far more nearly constant than low or high water, under whatever assumed conditions. A lei•el 
surface drawn from any point (that ia a surface of stag11a11t water) would probably be nearly parallel to the points of 
mean water at different places. This becomes more manifest when we consider that at places near each other the tide 
often differs greatly in amount. At. St. Davids Head in Pembrokeshire the range of the tides is near thirt.y feet; on the 
opposite coaat of Ireland it is only two or three: if the sea. were level ut low water the difference of the mean heights 
on the two sides of the Channel (which is only about fifty miles) would be fourteen feet. Such an average elevation 
of 9ne side of a narrow sea above the other is quite inconsistent with the law\! of fluids.* 

In the Transactions for 1838, Whewell notes the eftect of taking various anterior transits; and, 
although be finds that Transit B does well for the coast of Europe, be says: 

We may, however, obsen·e that we do uot in thi1:1 way obtain nu exact agr.,ernent of observation and thel'ry, 
even with regurcl to the semimenstrual inequality. It has appeared from ::\lr. Lubbock's researches respecting the 
Liverpool tides, t that while the Transit A gives aver~· exact agreement of the theoretical anll observed times, we 
must take a 1:1till earlier transit if we would obtain thi1:1 agreement with respect to the heights. Nor docs that selec­
tion of a tranait which best represents the semirncnstrual inequality, briug out an agreemeut wi~h theory in the par­
allax and declination corrections, as we shall see. \Ye must allow, therefore, that though there appear to be, in the 
actual laws of tho tides, inequalities correspo11ding to all these which arise from the supposition of the equilibrium-tide 
of nn anterior epoch transmitted along the ocean to our shores, we cannot so assume the epochs to produce all the 
inequaliticR at once. Tht• epoch is of one value for the times, of another for the heights; different again for the par­
allax correction, and ugain different for the effect of declination. 

In the second volume of his History of the Inductive Sciences, Whewell gives a section on 
the application of the Newtouiau theory to the tides,t and earliflr in the same volume some account 
of the equilibrium and motion of fluids.§ , 

In the Philosophical Tram1actions for l 850, Whewell notices a graphic method for obtaining 
the range of tide corresponding to each hour of the moon's transit. A triangle having two of its 
sides proportional to the ranges of the solar II and lunar,-r waves, respectively, and the supplement 
of the enclosed angle twice the difference in right ascension of sun and moon as given by the 
hour of transit, the remaining side of the triangle is proportional to the resultaut range of tide. 
This metlwd is given in the i\Ianual of Scientific Enquiry, together with the angles showing the 
priming and lagging of the resultant tide. 

'fhe later writings of Whewell place little confidence in cotidal lines except near the shores. 
The B. A. A. 8. Report for 1854, II, page 28, says: 

The result is that we are led to consillcr whether the oceanic t.ides may not be produced by a great oscillation 
of the Ol'ean, tlrn lit.toral 1.ides being derived from them and propagated by cotidal lines like wuves along canals. 
[This view was proposed by Captain Fitz Roy as well as Dr. Whewell several years ago.] 

It may be added that Dr. Young bad already held a similar view regarding the oscillation of 
the ocean. In fact a bodily swinging df the ocean is in accordance with the views of' Plato, 
Galileo, aud others. 

113. In.the appendix to Volume II of the Narration of the Surveying Voyages of His Majesty's 
Ships Adventure and Beagle, between 1826 and 1836, Oapt. Robert Fitz Roy has set down general 
notions about the tides, and be bas employed them to help explain what is observed in diverse 
places. 

*Phil. Trans., 1837, p. 84. 
t Ibid., 1836, Part II. 
t Ed. 1847, pp. 253-259. 
§Pp. 62-72; 116-128. 
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He believes the tides to be largely due to the swinging of a sea when slightly displaced from 
its position of equilibrium, the primary causes of such displacement being the sun and moon 
acting in accordance with Newton's law. 

This theory naturally opposes tlie idea that the principal part of the .Atlantic tide progresses 
northward along the axis of the ocean; for, the swinging of the sea due to the diurnal motions of 
the sun and moon must be chiefly east-and-west and not north-and-south. Observation, Ile notPs, 
ishows the range of tide at Ascension and St. Helena islands, as well as at mani places upon the 
shon's, to be a very small quantity; again, the tide is almost simultaneonis all aloug the coast from 
the Cape of Good Hope to thB Congo. These facts render very difficult the conception of n. great 
and sufficient tide wave progressing 11orthw~rd in accordance with tlie cotidal li11es of Whewell. 

Prof. J. Challi.~ has written numerous papers ou hydrodynamics, most of which are to be found 
in the Philosophical .:\laga:d11e since 1851; a "Report on the present state of the analytical theory 
of hydrostatics and hydrodynamics" is given in the British Association Report for 1833. His 
papers on tidal theory are found in th6 Philosophical Magazine for the years 1870 and 1875. 

The principal writings of Sir John Scott Russell are contained iu the British Association Reports 
from 1834to1850. They relate mainly to hydrodyuamical experiments and applications of the same 
to marine engineering. lie became popularly known through the part he played in the con!'truc­
tion of the steamship Great Eastern. The results of his experiments on waves are contained in 
the Heports for 1837 and 1844. 

Ee classifies waves in the following manner, but deals mostly with the "wave of translation:" 

Syste111 of Water Wai·es. 

Orders. First. Second. Third. Fourth. 

I Designation .. \Vave of translation. Oscillating waves. Capillary waves. Corpuscular wave. 
Characters .... Solitary. Grel;{arious. Gregarious. Solitary. 

I 
Species ...... { Positive. Stationary. Free. I ' Negative. Progressive. Forced. 

I 
l 

Varieties ... ·{ 
Free. Free. 

i Forced. Forced. 
i 

Instances ... ·{ 
The wave of resistance. Stream ripple. Dentate waves. \Vater-sound wave. I 

' The ti<le wave. Wind waves. Zephyral waves. 

I j 
The aerial sound wave. Ocean swell. 

-
One of his most impor1 ant results is that the velocity of the ''wave of translation," which 

he supposes to include the tide wave, is 
(265) 

where 17 is the height of the crest of the wave, reckoned from the surface of the undisturbed fluid, 
and h is the undisturbed depth; i. e., It+ 17 is the height of the free surface above the bottom, 
aud so this formula is readily suggested by that of Lagrange. Airy's work makes, for high-water 
phase, 

(266) 

In Articles 393 et seq. of his Tides and Waves he compares values resulting from this and 
other formula with Hussell's experiments and concludes this value of v to be justified. In the 
Heport for 1844 Russell does not accept Airy's statement, but sa.ys: 

Later discussions of the experiments not only confirm this result [ v= vu (ll.+1,1)], but are ihemselves esta.b­
. lishcd by such further experiments us have been recently institntC<I, so thnt this formerly obtained velocity may 

now he regar<led us the phwnomenon characteristic of the wave of the first order. 

Russel's result has reference to a "solitary wave," while Airy's refers to a long wave 'which is 
p_eriodic. See Hayleigh, Phil. Mag., Vol. 1 (1876), p. 262. 

'l'lwmas J(erigan, in a book entitled The Anomalies of the Prt.>sent Theory of the Tides,• 
conte11ds that the tides are due to "the negcitive influence of the moon'' becau8e he tinds the 
attraction of the sun, and eHpecially of the moon~ to be wholly inadequate for raising t.hem. 

Sil' George B. Airy (1801-1892). 

*London, 1847. 
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114. Airy's work on tides consists chiefly of an e8say entitled Tides and Waves (c. 1842), form­
ing an article in the Encyclop:cdia l\letropolitana, of four papers on particular tides, appeari11g in 
the Philosophical Transaction8 (1842, 1813, 1845, 1Si8), and one in the Proceeuings of the Hoyal 
Society (1877). To these may be added a paper entitled "On a controverted point in Laplace's 
theory of the tides" (Phil. Mag., 1875). 

Stoke8 bas given some account of Airy's work in an article entitled "Heport on recent 
researches in hydrodynamics," B. A. A. S. Heport, 184G; also found in his Mathematical and 
Physical Papers. 

D. D. Heath, in the Philosophical ::\Iagazine, "Vol. 33 (1867), has a paper entitled "011 the 
dynamical theory of deep-sea tides, and the effect of tidal friction." In this he gives a 
restatement of a part of Airy's work. 

Airy outlines the plan of his Tides and Waves as follows: 

I. \V" ~hall descrilrn curtmrily the ordinary phumomena of Tides. 
II. We Hhall explain the Equilibri11m-1'hcory of Tides, i11clu1ling tho first tidal theory given by Newton, ar11! tho 

morn detailed theory of his successors, especially Daniel BornoullL 
III. \Vo shall give a sketch of Laplace's investigations, (fonnde1! essentially on tlw theory of tho 11101io11 of 

water,) in the general form in which he first attcmpte1l tho theory, as well as with tho arbitrary limitations which 
he found it necessary to uso for practical application. 

IV. \Vo shall gh·e an extended Theory of Waves on water, applying principally to tho rnoti.on of water in canals 
of small brea.1lth, but with some indications of the process to ue followed for tho investigation of the mot.ion of Waves 
in extended surfaces of water. 

V. The results of a few Experiments on 'va,·os will ho given, in compariHon with th11 preceding theory. 
VI. \Ve shall investigate the mathenmtical expressions for tlrn Disturbing Forces of tho Sun and Moon which 

produce tho Tides, and shall use them in combination with the t.heory of Wa\'os to pro1liet some of tho laws of Ti1los. 
VII. \Ve shall advert to the methods which have been use1!, or which may ad \'Untageously he used, for Obson·a-· 

tion of Tides, and for the Hcduction of tho Observations. 
VIII. \Vo shall give tho roeultsofextensh·o observations of tho Tides, as wdl with regard to tho change of tho 

phrunomona of tides at different tiuws in tho same plac(!, as with respect to the relation which the time and hci.c:ht 
of tide at 0110 iilaco bear to the time and height at other }>laces, and shall compa.ro these with tho results of the 
preceding theories, as fur as possible. 

And as Conclusion, we shall point out what we consi1lor to uo the present Desiderata. in tho Theory and Ohscn·n.­
tions of Tides. 

115. Passing over the first three sections, wherein be has given the equilibrium theory in a 
form subsequently used by Haughton and others, also the principal parts of Laplace's theory in 
a more intPlligible form, we proceed at once to Section IV, which deals mostly with waves in 
canals: 

\Vo hum already stated that tho E<p1ilibrium-Thoory of Tides, though curious in its relation to tho history of tho 
science, and valuable for tho coincidence of tho algebraic form of its rcsnlts (under certain modifications) with 
those of moro accurate theories, and with tho laws deduced from ohsorvati1ms, docs not deserve tho smallest atten­
tion as representing tho state of tho 01•can at any time. \Ye have also statetl that Laplace's theory of the movement 
of tho sea, supposing tho globe completely covore<l l•y water, whoso depth ·is uniform, or follows a very simple 
geographical law, though based upon sounder principles, has fur too little regard tot.he actual state of tho earth to 
serve for tho explanation or tire J>rincipal phrunomona of tides. \Ve now come to a third tlu.•ory: that of tho motion 
of tho ticlal waters, supposing them to run in tho manner of ordinar;r waves in canals. 1t is o\'idont that this theory 
will not apply to every part of tho sea, and therefore it must, to a cert:iin extent, he considered imperfect, Still it 
will apply strictly to many cases (to rivers without exception; ancl to arms of tho sea where their breadth is smaller 
than their length, and where tho irregnla.rities of the coasts are not very remarkable), and it will apply without 
sensible moclifica.tion to other cases of open sonA, where the whole muy he conceived divided into parallel canals in 
which tho circumstancos are nearly similar. For these reasons wo are inclined to think that tins moclo of cons11ler­
ing tho subject, in the present imperfection of mathematics, deserves special notice among tho various Theories of 
tho Tides. 

It is necessary for our present purpose to enter into a pretty general investigation of th11 Theory of Wa\·es of 
water; and we shall therefore commence without any obvious rHfercuco to tho subject of Tides. 

\Vo shall, for convenience, divide this Section into tho following parts: 
Subsection 1.-General explauation of waves; and general theory of wa,·os, MnppoMing the motion of the 

particles small. 
Subsection 2.-Thoory of waves in cuuuls of uniform clepth and uniform broadt\1, whether the waves ue Hhort or 

long, tho motion of the particles being supposed small. 
Subsection 3.-Thoory of long waves in which tho elevation of tho water bearH a Hens1blo proportron to thl' 

depth of the canal. 
Subsection ·I.- Theory of wavcH when tho water is acted on by horizontal and vertical fort·t!R, the 111otio11s of tho 
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particles being small; including also the theory of a single wave, nnd the theory of waves in canals of variable 
depth and variable brea<lth; with thu introduction -of the ideas of f1·ee-wa1,.e and fo1·ccd-t0at•e. 

Subsection 5. Method of introducing the limits of the canal in general; and application of the doctrine of 
frec-wav6 1111dfo1·ced-1rnre. 

Subsection 6. Theory of waves, as affecte<l by friction. 
Subsection 7. Theory of waves in water of throe dimensions, or where the horizout:1l extent of the surface in 

two dimensions is taken into account. 
llG. Having obtained the equation of continuity and the equation of equal pressure, Airy 

next supposes the motion to be oscillatory and proposes the problem-

To exuminB whether it is possible that a system of waves, depending upon oscillatory motion of the particle~ 
of witter, can movn along a canal of uniform breadth, but of variable depth: gravity being supposed uniform, and 
no other force being supposed to act.* 

His conclusion is-

It wonl<l appear, tlwrefore, that when the depth is variable, it ill impossible that there can boa series of waves 
which consist of oscillatory motion of the particles, and whi<"h satisfy the two equations of continuity and of equal 
pressure. 

The following physical interpretation of this mathematical result appears to be correct, and is worthy of 
attention. It appears that, if the water is moving in the mnnn'er of waves, one at lenst of the two conditions 
(continuity and equal pressure) must fail. While the continnity holds, the eqnnl proHsure will exist, from the 
nature of tho fluid. Therefore the continuity must ceuse, or tho water rnnst become broke11, ThiM appears to bo the 
oxplanation of the broken water which is usually seen upon the edge of a shoal or n. lodge of rocks, although the 
whole is eoyertl<l, porhn.ps deeply, by the water. 

Ile then takes up the case of a canal of uniform depth, and determines the fundamental 
relation f eq ui valen t to equation (29) § 18, or ( 42) § !,!;~ j between the length of the wave, depth of water, 
and its period. These are tabulated in his first two tables; t his third table gives the \'elocity of 
a free title-wave for various depths. His fourth table gives the relative displacements of the fluid 
particles at various depths, the length of the wave having a given ratio to the depth of the fluid. 

117. In Subsection 3, Airy proposes the problem-

To in\•est.i~ate the motion of a very long waYe, us tho tide-wave, in a canal whose <lepth is so smn.11 that the 
range of elt,vation nnd depression of the Hurf'aco bears a considerable proportion to tho whole depth. 

The i)roblem of a long wave propagated in a canal of rectangular cross-section was originally 
solved (to the first approximation) l>y Lagranp;e;t that is, the velocity of propagation was found 
t.o be ../ gh, h being the depth of the undisturbed flnid. The long wave was subsequently treated 
by Green,§ who found for a triangular canal with one side vertical, the velocity of propagation to 
be the same as that in a rectangular canal of half the depth. Kelland ii found, for a uniform canal 

of any cross section whatever, the velocity of Jlropagation to be .Jfl:, A denoting the area of the 

cross section and b the breadth of the fluid at the surface. 'fhis formula was fou11<1 to agree with 
reimlts obtained from Russell's experiments. Airy derives and uses the exact equation of equal 
pressure (for a, uniform canal of rectangular cross-section), viz. 

{267) 

He obtains an approximate solution upon the assumption that ~)1 is small but not negligible. 

Tl . . . " X K ,1 K 11s gwes 1or , , or jx',I besides a single sine or cosine term, other similar terms having 

• Tidos and 'Vnvos, Art. lfi4. 
t Tables 47 arnl 48 are taken from Airy't1 tirst and second tnbfoA, rcspoctively. 
U3erliu 111emoirs, 1781, 1786, <Euvres, Vol. I, p. 747. 
§ Tr:ms. Camb. Phil. Soc., Vol. VI (1837); Vol. VII (183!1). 
llTrnus. Roy. Soc. of E<linhnrgh, Vol. XIV (18-IO). In thi~ paper Kellnnd makes hrwf mention of the workers 

on wave motion smco the timo of Nowton. 
'IT x, K correspond toe, 1/ of \I 18. \\"c ha\•e written,, inst.ind of k for the 1111<l1st11rhc<l depth, also the conyentlonal 

J for partial difforPntiatiou. 
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double the argument of the original term. Moreover, a coefficient belonging to one of these 
additional, or harmonic, terms does in each case involve the factor x. He therefore concludes 
that the height of the secondary wave continually increases as it travels along the canal. Again, 
be says: 

When tho wave loaves tho open sea., its front slope and its rear slope are equal in length, and similar in form. 
But as it advances in the cane.I, its front slope becomes short and steep, aml its rear slope becomes long and gt•ntlo. 
In advancing still further, t.his remarkable change takes place in the rear slope: it is not so steep in the mid<lle as in 
the upper and the lower parts; at length it becomes horizontal at the middle; and, finally, slopes the opposite way, 
forming in fact two waves.• 

As McOowau t has pointed out, this tendency to subdivide does not follow from an exact 
solution of the above equation, but from applying Airy's approximation to stations situated so far 
from the sea that it ceases to be applicable. 

Airy finds that in a shallow canal the duration of fall should exceed the duration of rise: 

Excess of the time of water falling above tho time of water rising= 6 b X time occupied by the tide-wave in 
passing from the open sea to the station under consideration. 

Where b= rise of tide abo¥e the mean state. 
mean depth of water 

(268) 

Thus in any part of the canal far from the sea, the times of high water and of low water, and the interval between 
them, will on different days depend on the extent through which the surface of the water oscillates up and down, 
or upon the magnitude of the whole rise of tide. And in places on the canal at different distances from the sea, the 
inequality of the times of water rising and water falling will, ou the same day, clepcncl upon the di11tance of the 
places from the sca.t . . . . . . 

Therefore the phase of high water has travelled along the canal with the velocity ..• Vyli"(I+3b) nearly. 
The velocity with which a shallow wave of great Iongth would travel along the surface of water, whose depth= 
depth here at high water, would, by (172.),§ be V ux depth at bigli\vater;:;; V uxh (l+b). Consef!uently, tho phatie 
of high water travels along the canal with a velocity greater than that of a shallow wave on water of the Ramo 
depth as the high water. In like_ manner, the phase of low water travel11 along the canal with the velocit,\' 
y(gh(l-3b)] nearly, which is less than that of a. long shallow wave on water of tho same depth as the low water. 
The following theorem will be easily remembered. If D, be the depth at low water, D3 that at high water, nnd if 
D 1, D,, D3, D,, are in arithmetical progression; then the pha8e of low water travels with the velocity duo to t!Je 
depth Di, and tho phase of high water with the velocity due to the depth D.,11 

After showing that the ebb-stream should be swifter than the flood-stream, and also giving 
a solution to the third approximation, be takes up the problem-

To investigate the motion of the tide-wave under tho samo circumstances, when the water of the canal is 
supposed also to have a current.-flow (independent of fluctuations of tido) to"'ards the sea. 

He finds that the duration of fall exceeds the duration of rise by a quantity greater than in 
the ease of no current. 

The subsection concludes with an investigation for long waves in a canal whose section is 
invariable, but of any form, and here the velocity of propagation is found to agree with the rules 
of Kelland and Green. 

118. Subsection 4 suppoties the water acted upon by an extraneous force and has applications 
to a solitary wave, tides, and wind waves. 

Thus it appears, that a single discontinuous wave of any degree of complexity may travel on water without 
any force to maintain it, provided, in the first placo, that it satisfies the conditions laid down with regard to the 
differential coefficients at its t.erminations, and in tho next place, that the wave is so long that a succession of 
simple waves, each of that length, would travel sensibly with the velocity clue to waves of infinite lcngth.1[ 

If the single wave is moderately long, a small force will maintain it as a discontinuous wave: but if it be short, 
the force must be (in proportion to the various preBBures acting on tho water) considerable. In fact, each of t.he 
different tonne in the wave-function represents a wave of different length; and, when the wa¥es arc short, each of 
these would tend to tra¥el on with its own peculiar velocity, which velocities a.re very different for the different 
waves. But when *be waves aro long, the peculiar velocities are very nearly the same for tho different waves. 

"Tides and Waves, Art. 203. The tides at Wilmington, N. C., show signs of this. 
t Phil. Mag., Vol. 33 (1892), pp. 251, 265. 
tTides and Wavos, Art. 207. 
§Numbers thus incloscd, in quotations from Airy, refer to articlei; or paragrnpb11 in bis Tides and 'Vaves. 
II Ibid, Art. 208. Soc under Hussell. 

1f Tides and Waves, Art. 234. 
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When a long wave is propagated along a canal of non-uniform depth, Airy's investigations 
show that the amplitude of the horizontal displacement varies inversely as the fourth root of the 
cube of the depth, while the amplitude of the vertical displacement (i. e., the rise and fall of the 
tide) varies inversely as the fourth root of the depth.• 

For a canal of non-uniform breadth, the amplitudes of the horizontal displacement will be 
inversely as the square root of the breadth of the canal; and the same law holds for the amplitude 
of the vertical displacement.t 

In tho cnso of long wavos in shallow wn.ter, where the dopth diminishos, tho wator is sensibly elovn.ted abovo 
its mon.n height whou the flow con.sos; and in like manner it is sensibly dopressed below its mean height when tho 
obb ceases.i 

I. e., slack-before-ebb or flood occurs earlier because of this shoaling. 

"\Vhero the breadth diminishes, tho water is sensibly elevated above its mean height when tho flow ceases; and 
in like mn.nner, the wator is sonsibly depressed holow its mean hoight whon the obb ceases. 

I. e., slack-before-ebb or flood occurs earlier because of this contracting. 
H and G being the amplitudes, or coefficients, of the horizontal and vertical periodic forces 

acting upon the waters, he finds the following result agreeing with the equilibrium theory as well 
as with Laplace's theory: 

If we cousider G and H to bo quantities not very. dissimilar in magnitudo, (which we shall find to bo true,) the 
term depending on Gin each of these expressions is wholly insignificant in comparh;on with that depending on H; 
and thus we arrive at this romarknble conclusion, that the effect of the vertical disturbing force upOll the phamonwna of 
thtJ tides i11 insignificant, tho whole of tho sensiblo effect being duo to the horizontal force.§ 

Near the end of this subsection he says: 
The preceding conclusions aro vory important, as showing that the amount of elevation of the water under 

tho action of forces depends in a most remarkable clegroe upon other circumstances than the magnitude of the forces. 
Ono is, the depth of tho sea: another is, tho periodic time of the forcos. As depending upon the former, it appears 
that, if thero were two parallel canals of different depths acted on by procisely the same forces, there might be 
high water in one when there was low water in th(l adjacent part of tho othor: or there might be elevations and 
depressions at the same time in lioth, but their magnitudes might havo any proportion whatever. As dopending upon 
the latter, it appears that, if thore wore two forcos acting simultaneously upon the water in the samo canal, the 
poriocls of those forces being different, (as, for instance, tho forces depending upon the action of the Sun and 
the Moon,) the high water produced by one force might bear t.he same relation to the phases of that force which 
the low water produced by the other bears to the phases of that other force: (thus low water of the solar tide might 
accompany tho transit of the Sun, and high wator of the lunar tide might accompany the transit of tho Moon, iu 
the same canal.) Or the phases of the two tides might staud in the same relation to the iihases of the two forces, 
but tho proportion of their magnitudos to the magnitudes of tho forces might differ in any dogree whatevor. 

119. Ju subsecti_on 5, Airy investigates the tides produced by the moon in a. canal, friction 
being still left out of consideration. He finds, for a canal bounded at both ends,-

If the length of the canal is any multiple of half the length of the free tide-wave, this oxpreseion II beoomos 
infinite. In roality the wave will become so large that tho amount of friction, &o., will be so groat as to neutralize 
the moon's force.1[ 

But when such a canal is short he concludes from the expressions for the horizontal and 
vertical displacements-

Tho first of thoso expressions shows that tho horizontal motion will be groatest in tho middle of the canal's 
longth, and will diminish gradually both ways to tho ouds, whero it is 0. The second shows that there is no variation 
of level at the middle of the canal's length, but that the variation of level in other parts is 'proportional to the 
distance from the middle, elevation taking pince on one aide of tho.middlo nt the same time as depression on the 
other side, so that the surfaco of the fluid remains sensibly plane, though inclined to the horizon. The law of 
motion as regards tho time ill the usual oscillat.ory law exprossecl by cos ii; but the motion of every particle differs 
in this respect from tho motion' of particles in au open sea alfocted by tho tide: that here, tho greatest horizontal 
dillplacement happens at the same time as the greatest vortical displacemont; whereas, in an open sea, the greatest 
horizontal displacement happens when the vertical displacement is O, and vice t•ersa. 

For a canal of any assumed length, and bounded at both ends, the expressions for the 
displacements are generally complicated. 

"Tides and Waves, Art. 247. 
t Cf. Lamb, Hydrodynamics,§ 181; or~ 33; Pu.rt I, this manual. 
+ 1'idos ancl Waves, Art. 250. 

§Tides an<l Wavos, Art. 279. 
ii Vortical displacement. 
~Tides nnd WaYes, Art. 299. 
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Airy next supposes the case of a canal closed at one end whose waters are acted on by the 
forces of the moon and which communicates with a tidal sea. 

The result of this supposition is complicated; but if the moon's force in the canal is insensible, 
it follows tliat all the oscillations in different parts of the canal take place at the same time.* 

Wher. the elevation of the water bears a sensible proportion to the whole depth he finds for 
a canal opening at one end int~ a tidal sea-

Thc law of the rise arnl fall of the water, at every part of the canal except its month, is now different from 
that which holds on the supposition that the oscillation ii; small in proportion to the depth of the canal. But the 
times of high water and of low water are ~till the same as before, and the high water and the low water are still 
simultaneous through the wholo length of the canal.I 

Brief me~1tion is then made of a canal co11necting two seas, both tided, or oue may be tideless. 
120. In subsection (i friction is taken into account; it is assumed to be proportional to the 

velocity of the fluid partieles, or -!~ft, since the motion is chiefly horizontal. 

In an indefinite canal, friction shortens the horizontal displacement; it causes the horizontal 
disturbing force to become zero at a point farther east, and so accelerates the times of the tides. 
Tides of longer period are more accelerated. 

Considering the coefficients of the tidal force as variable, it appears that the greatest tide 
follows the greatest force by the time f x ( cons'tant)2• He says: 

This appears to us an important result, and one which no other theory has obtained. The oquilihrinm-thoory 
of tides necessarily makes the tillcs to be greatest upon tile same d:iy on which the force is greatest. Laplace's 
theory, and the tlleory of waves in eanalt1 without friction, give the same r"sult. But hero we find n rotar<lutioo 
aceountod for by friction; and moreover this retardation is consi<lornble.t 

For a tide propagated np a river of indefinite length, he finds that, because of friction, the 
vertical and hol'izontal motions of the particles diminish continually as the waYe travels up the 
river; also that the flow ceases before the water has dropped to its mean height, and 1w turns 
earlier than iu the case of 110 friction. 

In a tidal river stopped by a barrier, he finds that the slack before ebb is not simultaneous 
with the time of high water, but somewhat later. 'l'his interval may be considerable near the 
mouth, but it is small near the head.§ 

Also that when a canal bounded at both ends is acted upon by an external force, the rise and 
fall of the tide is greater at the ends than at the middle. 

In regard to a river of indefinite length running on a declivity toward a tidal sea, he concludes 
that-

The circnmstanc" that low water on a ti<lal river may be higher than high water on tile sea, paradoxical us it 
may appear, it1 therefore a simple consequence of theory. 

121. Snbsection 7 contemplates the motion of water in three dimem;ions. The equation of 
continuity is symmetrical in X, x and z, z; there are two equations of equal pressure, the one in 
X, x; the other is similar in Z, z. 

He finds solutions for annular and parallel waves, noting the effect of retlection from a straight 
boundary. 

Leaving for the present the consideration of th1i motion of the waves as <letermine<l by the differential equations, 
we 11hall consider on~ caHc in which wo 1.<com to derive some assiHtanre from general reasoning. 

Suppose that n ti<le-wave is travelling along n canal of largo dimensions, and of variable depth in its cross 
section, the depth diminishing gradually to both shores. (We may supposti the dimensions to he such ae those of 
the English Cllanuel, or any Himilar arm of the sea.) It is evident that the investigation of (218.) II does not npply 
here: for, on account of the Hhallowness of the water at the side~, the velocity of flow towards both sides to produce 
the elevation of water there must be comparable with, perhaps equal to, the ,·elocity of flow at mid-channel in tile 

•Cf. § 30, Part I, thiA manual. 
t Tides and Waves, .A rt. 309. 
t Titles and Waves, Art. 329. 
§In the Philosophical Magazine, Vol. 12 (1856), pp. 18'1-188, C. Marret gives a porular explauation of how higb­

water occurs before the torn of tho current, urn! of how the current near the shore turns before it turns in the oiling. 
See Art. 507 of Tides and 'Van18. 

II Numbers thus iuclosed, in r1uotatious from Airy, rcfor to articles or paragrapi1s in his Tides and Waves. 



REPOHT FOR 1897-PART II. APPENDIX NO. 8. 449 

direction of the canal'i; lcngtlt. :Moreover, as the Alope of the bottom is exceedingly small, the warns in cvt>ry part 
of the channel will be travelling in nearly tlte same manner as if the extent of ;;ea of t110 sanw depth were infinitely 
great, and will therefore travel witlt the velocity line to that depth: and, thcreforP, the ridge of wave cannot 
possibly stretch tran8versely to the channel, and travel along with uniform velocit.y lengthwa~·s of the channel. 
The state of things, then, will be this: the central part oft.he wave will advance rapidly (171.) aloug the middle of 
the channul; the lateral parts will not advance ;;o rapiclly; and th11 whole rht<Je will assume a curved shape, its con­
vex side prece!liug. "'hen this form is once acquired, it may perhaps proceed with little alteration; for if . 
we suppose two such curves exactly similar, but one a little iu advance of tlie other, the space which separates the 
wings of the two curvus, measured perpendicularly to the curves, (the direction in which that part of tlw \VIWll 

must really travel,) iA much lesA than the »pace which separates the centres oft.he curves, and by proper inclination 
may be less in auy proportion; and, therefore, may represent exactly tho space travelled ovPr b~· the wave at tbat 
depth while the wave at the greater depth traveli; ovor the greater space. That part of the ritlge of the wave which 
is uearest to tho coast will, theroforo, assume a poRition uoarly parallel to the line of coast. 

Now the wave whose ridge is nearly parallel to the coast, or which advances aimost directly towards the coast, 
will be a wa\'e of the samo character as that treatell of in (307. ). For the slope of tho beach adds to the surface of 
the sea a very insignificant quantity, as compared with the brca!lth of the tide-wave, and the general effect is tho 
same as if a perpemlicular diff terminated the sea on that side. Therefore, for those parts of the sea which are near 
to the coasts the law of (307.) holds; namely, the greatest horizontal displacement of the particles occurs at the same 
time as the greatest vertical displacement; and, therefore, when the sea is rising, the water is, for some distance 
from tho co1ist, flowing towards the coaAt., and when it is falling, the water is flowing from the coast. 

In mi<l-channcl, tho motion of the water will be such as is dcscri bed in (184. ), &c.; that is, the water will be 
llowing most rapidly up the channel at thr, time of high water, and its motion upwards will cease when tho water 
has clrop}led to its mean height. 

From this them follows u curious consequence with regard to the currents at an intermediate distance from 
the shore, where the effects of these two motions may be conceived to he combined. 

At high water the water is not 11owing to or from the shore, but is flowing up the channel. 
Whon the water hua <lroppe!l to its mo!\n elevation, the water iH ebbing from the shore, but is stationary with 

regard to motion up or down the channel. 
At low watPr, the wakr is not flowing to 01' from the shore, but is running down the channel. 
When the water bas risen to its mean height, the water is flowing to the shore, but is stationary with regard 

to motion up or clown the channel. 
ConHcquently, in the course of one complete tide, the direction of the current will have changed through 3600, 

the water never having been stationary. And the direction of tlui change of cnrrent will bn of 1mch u kiu!l that, 
if we suppose ourselves sailing 1111 the mid-channel, the tide-current will turn, in those parts which are on the left 
hancl, in the Bame direction aa the hands of a watch; and in those parts which are on the right hand, in the <lirectiou 
oppoBite to that of the handH of a watch.• 

lleyoncl this we can add little to the Theory of "'aves upon a sea externled in both dimensions. Bnt the follow­
ing remarks will be found important with refornnco to the methou of determining from observations some of the 
phenomcua of titles: 

In tracing the progress of the tide across an externletl sea, we cannot observe the different waves as w•~ <'IUJ 
those upoh a small piece of water. \Ve cu.n do uothing but mu.Im observations of the time of the rise and fall of the 
.ieu at many clifferent poiut.11 along the shores of the bonnding contiuonts, or at. islauds in different parts of the sea: 
and when we lmve thni; ascertained tho absolute time of high water ut many clitforent lloints, if tho>· are Rnflicicutly 
11n1twrous, we ma,v draw lines ovor the surface of tho sen passing through all the poiuts nt whi!'h high wntt>r takl's 
11laco ut the same :thsolnte instant. Those lines (adopting the wonl introduced int.o general use by the highest 
authority on the discussion of tide-observations) we shall call cotidal lines. The tracing ont the coticlal lines in 
different aeas is the greatest advance that has yet been made in 1'1l<I discussion of t.hu phe11omcrn1 of the tidl's in 
opeu seas. 

Now when the series of waYcs is siugle, the cot itlal lines cone~poml exactly with the lines markiug the 
position of thu ridge of tho wave at <lifferent times. Bnt when t.he series of \\'In-cs is compo111ul, it: ma~- happen tliat 
the form of tlw coticlnl liuos will not llrt•sent to the oye the Rmallest analogy with the forum of the ridges of the 
mingle<l waves.I 

The fifth section of the essay is devoted to an acconut of experiments 011 waves aud to 
comparisons with theory. Ile finds a geueral agreement between the theoretical and observed 
velocity of propagation, but attributes the want of close agreement to the fact tlrnt l\lr. Russell 
neglected to observe tlle length of the waves in his experiments. 

122. In the sixth section he applies Laplace's eqnations of mot.ion to tides in narrow canals. 
In these cases it is unnecessary to consider the forces arising· from tl1e earth's rotation. The prob­
lem thus simplified admits of solutions which take into aeconut the motion in right ascension of the 
tidal bo.dy. 'fhe cases especially considered are a canal along a parallel of latitude, and a grea.t 
circle iu any position. For an equatorial canal, tlie tide is equal throughout its whole extent, and 

•Cf. ~ 18, Part J, th is man uni. 
6584-29 

!Tides nucl Waves, Arts. 358-3Gll. 
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the depth will decide whether high water or low water occurs under the moon.• For a canal passing 
through the poles the tide wave is a stationary wave. 

In considering the effect of' sun and moon he concludes: 

1st. If the de1ith of the sea is less than 14 miles, the mass of the moon inferred from the tides is inevitably 
too great. 

2d. The error. will be different (or the moon's mass will appear different) in canals of different depths. I 

Having introduced the effect of' friction, he says: 

Thus it appears that for computing the time of high water it is necessary to use, not the positions of the sun 
and moon at the true time of the tide, nor the positions at that anterior time which is employed in computing the 
height of high water, but a time later than that which is used for computing the height, and therefore a time which 
is nearer to the true time of high water. . . . . . . 

If we investigated the effect of the passage up tho shallow river upon the time of low water, we should find 
that tho positions of tbe snn and moon corresponding to an earlier time than that used for the height of the high 
water must bo employed; but we should still find that the mass of tho moon inferred from tho variations of the 
time of low water as referred to the moon's transit 1s too small. 

"'o shall here close our exposition of the \Vave-Theory as applied to the tides. As nearly the whole of this 
theory is published for tho first time in the present treatise, we shall not remark upon it at great length. We think 
it right, however, to point out to the reader its great and important defect as applied to the explanation of tides 
upon the earth, namely, that in the case of nature tho water is not distributed over the surface of the globe in 
canals of uniform breadth and dept11, or in any form very nearly resembling them. In this regard its fundam1mtal 
suppositions are probably as much, or nearly as much, in error as those of Laplace's theory. But we also think it 
right to point out that in regard to tho completeness of detail with which the principles can be followed out, there 
is no comparison between the two theories. This will be seen by the reader who has remarked the facility with which 
tbe results of" difference between the angular velocities of the sun and moon,"" variable coefficients of force," and 
"friction," a.re obtained in finite form. For these, Laplace's theory is quite useless. And though (as we have stated) 
the fundamental suppositions differ much from the real state of the seas, yet no one can hesitate to admit that the 
same general conclusions will apply :-for instance, that the moon's mass inferred from the height of the tides is too 
great, and by different degrees in different. places: that the effect of friction will be a retroposition of tides in 
reference to the places of the sun and moon, &c. The peculiarities of river-tides, which no other theory has touched 
upon, are almost completely mastered by this. 

123. In the seventh section is described Bunt's self-registering tide gauge; the methods of 
discussion adopted by Laplace, Lubbock, and Whewell; but of special interest is his description 
of' a process of' harmonic analysis which he had already applied to the tide curves at Deptford, t 
and which be is about to apply to the tide curves at Southampton and Ipswich.§ 

In brief, he expresses the depression of the surface of the sea below a :fixed mark for any 
given phase of the tide in the form 

Ao+ Ai cos. phase+ A2 cos. 2 phaso + &c., 
+ B, sin. phase+ B, sin. 2 phase+ &c., 

which, it is well known, is sufficient for the ro11resentation of a. function which is periodical for 3600 of phase. 

Then follow directions for determining the A's and B's. 

(269) 

124. In Section VIII Airy brings the tidal theories (equilibrium, Laplace's, and wave theories) 
to bear upon many questions connected with tides the nature of which are indicated by the 
following topics: 

Variation in range and shape of the tide as it progresses; the bore; tides in small seas; 
revolution of tidal currents; races; mean level of the sea little affected by the range of tide; the 
ratio of the solar to the lunar wave (coefficient of semimenstrual inequality) varies from place to 
place, and also depends upon whether it is obtained from heights or from times; similarly for 
the age of' this inequality; the necessity of using different transits for different inequalities; the 
diurnal tide; and cotidal lines. 

The essay concludes with a statement of the present desiderata in the theory and observation 
of tides. 

125. In the Philosophical Transa.ctions for 1845 Airy makes a study of' the tide at about 
twenty stations scattered around the coast of Ireland. 

He ascertains the timeR when the high and low water inequalites become zero and when a 

"Cf. § 41, Part I, this manual. 
tTides and Waves, Art. 455. 

t Phil. Trans., 1842, pp. 1-8. 
§ Ibid., 1843, pp. 45-54. 
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maximum. Ile is the first writer to make special use of the diurnal wave at the time of its 
maximum amplitude. Its amplitude, and position with respect to the sernitliurual wave are found 
from the height inequalities.• He shows that the diurnal and semidiurnal waves do not travel alike 
either in direction or in velocity. 

The high water at Kingstown coincides 1n·eciBely with the low water at Dunmore East, and l'icc versa. More­
over, between theHe two Htations occurs the station Courtown; aud here . . . the semidiurnal tide is nearly 
insensible. The difforence in the times at Dunmore East and Kingstown does not therefore arise from a slow 
transmission of tide; but arises from a s11ddeu iuverBio11 of the wavo, the point which separates elevation from 
depression being not far from Courtowu. And the question now it1, whether, 011 t.he supposition that the tide-wave 
enters the Irish Sea by this southern entrance, it is possible to explain the existence of this neutral point and the 
invcrsiou of the tide beyond it. 

This he believes may be explained by a result established in "Tides and Waves," where a 
uniform canal closed at one end communicates with a tidal sea; and \Vhich is, that the oscillation 
is simultaneous throughout the canal. In case of the Irish Sea representing such a canal, the 
open end is to the south and the closed end to the north; and if the depth be such that the 
coefficient (amplitude) of the simultaneous oscillation have opposite signs at Kingstown and 
Dunmore East, the phenomenon is, in a general way, explained. (See§ 30, this manual.) 

He has some further discussion upon the coefficient and age of the semimenstrual inequality 
as determined from time and height. 

He determines the coefficients of each individual tide at the various stations, the period 
covered being two months.t 

Having discussed the tides at Courtown, be says: 

Both the semicliurnal tides ure very much diminished, the lunar so much that its ra.nge is rather less than that 
of the solar tide. The quarto-diurnal tide exists in nearly its greatest magnitude. The geometrical representation 
is perfect; the mechanical explanation is not complete. In both respects, as regards what is reduced to law and 
what is yet incomplete, the Courtown tides lllUBt be regarded as the most remarkable that have ever been examined. 

Be is inclined to believe that the tertio-diurnal tide is not sensible on the coast of Ireland . 
.A.t tl10 close of his discussion of the tides at Malta (Phil. Trans., 1878), .Airy gives some 

account of the seiches as observed at that place. 
126. Among the Matliematical and Physical Papers (1880) of Prof. G. G. Stokes several relate 

to the subject of wave motion. He treats the "long wave" in the paper entitled "Recent 
researches in liydrodynamics" (B. .A.. A. S. Ueport, 1846), and in the one entitled "Notes on 
hydrodynamics. IV-On Waves" (Camb. and Dub. Math. Jour., 1849). .A.iry's work upon tides 
in canals and certain of Russell's experiments are considered in this connection. Besides these 
may be mentioned a third paper entitled "On the theory of oscillating waves" (Trans. Camb. 
Phil. Soc., 1847). 

Capt. I?. W. Beechey, Phil. Trans., 1848, discusses the tidal currents in the Irish Sea and English 
Channel. Be draws upon a series of maps lines indicating the direction of the current (lines of 
flow) at stated liours and lines of equal range, the moon being new or full. Upon a chart of the 
Irish Sea showing "the set and rate of the flood stream" be has indicated a region of no current, 
which is caused by the meeting of the waters from north and south. Upon the chart of ranges of 
tide, the range nearly vanishes at Co1utown while on the opposite coast. of Wales it is 15 or 16 
feet. In the Philosophical Transactions for 1851 he gives charts of the Eng·Iish Channel showing 
the lines of flow for each hour before and after high water at Dover. 'l'hese charts have been 
copied in several publications. Quite recently (1891) M. Hedouin of the Service hydrographique 
de la marine bas designed similar charts for this region, the currents being referred to the tides 
at Cberbourg. 

*2D1=VHWQ•+1,;wq• 
LWQ 

tan (HW phase) =HWQ 

Of course the amplitudes obtained have not been corrected for the time of year or the longitude of the moon's 
node, i. c., each value is really D1 -;- F 1, Table 32. 

t In the mean, these coefficients nearly coincide with M0, M., M6, and M8, excepting at Courtown, where the 
lunar tide docs not predominate. The angular constants correspond to 0, 2 M,0 -M.O, 3 M,0- Mti0 , 4 M,0 -M.u. 
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127. Prof. Ale.rander D. Bache (1806-1867). 
As Superintendent of the Coast Survey, Bache caused many tidal observations to be made 

all along the coasts of the United States. He also gave his personal attention to the discussion of 
the observations; all(l among those who assisted in this work were J,. F. Pourtales, L. vV. l\Ieech, 
Henry l\Iitchell, Charles A. Schott, and R. S. A very. 

His writiugs on tides are contained in the Coast Survey Reports (1851-1806) and in the 
Proceedings of the American Association (1850-1857). As shown by these writings, the chief 
purpose of his work was the construction of cotidal li11es and the obtaining of suitable elements 
for prediction of tides. This implied, besides many aud extended observations, suitable modes of 
classification according to proper astronomieal arguments. The principal numerical results are 
given in the Reports (1833-1804) under the title "Tide tables for the use of navigators," the most 
complete of these tables being found in t!'ie Ifoport for 1864, pp. 58-flO. The constants given for 
nearly all except Gulf stations are: Mean high-water iuterval, extreme phase inequality in time, 
mean range of tide, spring range, neap range, duration of rise, of fall, and of stand. For the 
Gulf stations the constants are: The average range, the range at greatest declination and at 
zero declination. For numerous stations the phase inequality is tabulated according to the single 
argument-the time of the moon's transit. For several Pacilic stations tables of double argument 
are provided-the time of the moon's transit and the number of days from her extreme decliuation. 
Tables of single argument-the number of days from gTeatest deeHnation-are also giYen. 'fhe 
double-argument table must give predictions superior to those given by means of two tables of 
single argument successively applied., And so it seems that the pretlictions for the Paci lie Coast 
issued by the Survey for the years 18u7-1870, should, on this account, be more accurate than the 
predictions for the years 1871-188-l where single-argument tables were used, in accordance with 
Avery's paper published in the Heport for 1868 and entitled Wi\fode of forming a brief tide table 
for a chart." In fact, if a series of such double-argument tables were prepared for the different 
years or portions of the node-equinox period, the resnlti11g predictions must accord W!'ll witl1 the 
tides in nature, especially if the heights are corrected for parallax, Bache contemplated corrections 
for "the solar and lunar parallax and declination," hut they were uever extensively introduced 
into the computed predictions of the Coast Survey tide tables. 

The work of 11Ieech was largely directed along this line which had already been opened up 
by Bernoulli, Laplace, Lubbock, Whewell, and Airy. Some account of his work is given in the 
Proceedings of the American Association, 1850, I, pp. 160-170, and in the Coast Survey Heport, 
1856, pp. 249-351. An obvious fault of his treatment, where the diurnal ine<1uality is large, is 
the neglecting of the motion of tlie moon's node. 

Bache paid considerable aLteution to the diurnal inequality along the Pacific coast." His 
manner of treatment was essentially that of Lubbock and Whewell, and he shows in the report for 
1854 that even where the diurnal inequality is large, the height inequalities are nearly proportional 
to the sine of twice the moon's declination. 

For the Gulf tides, Bai;he c:onstrncted two sets of cotidal lines, one for the semi<liurnal tide, 
and one for the diurnal at the times of cxtre111t; declination. In the report for 1850, p. 2ii4 and 
sketch 35, he shows the semiannual variation of the lunitidal interval of the diurnal wave at 
extreme declination. 'fhis variation he finds to accord in a general way with that given by a 
formula of Airy'st for the displacement of the lunar diurnal tide by the solar. In fact the varia­
tion is zero at the equinoxes and solstices, the interval being longest in February and August. 
Rut he infers that extreme variation differs greatly for difforent places. 'l'his conclusion is doubt­
less based upon too few determinations. In fact the variation in interval is nearly :tlike in amount 
the world over, or at least wherever the age of the diurnal inequality is small. It is simply the 
perturbation in the K 1 O, wave, at the time when K 1 and 0 1 conspire, due to P 1, or it is very nearly 
the perturbation in K 1 due to P 1 (Table 31) multiplied by Ki/(K1 + 0 1). This gives the extreme 
variation for mean years as about± 4Grn. 

In the same report Bache notic~es the important fact tliat for several days at tlie time of 

•Set' ali;o <liscnsMiODtl of (;u]f tides, U.S. Co:1Ht Survey Hcport8, lH:il, pp, 127-136 or 18GG, pp.113-lHJ; 1852, pp. 
111-122, 

t Tides and \Vaves, Art. •Hi. 
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111aximum diurnal tides, the lunitidal interval of the diurnal wave varies slowly, but that it varies 
r<1pidly from day to day as the moon approaches the equator. This is shown by a diagram on 
"Sketch 35.'' In a general way, this accords with a remark made iu § 13, Part III, or with results 
obtainablf' from Table 27. 

In the Survey Hcport for 1857, also in the Proceedings of the American Association for the 
same year, Bache shows, by aid of diagrams, the effects which the three great bays of the .Atlantic 
coasts of the United States have upon tlle range of tide; also how the range of tide increases 
iu passing up the Bay of Fundy. 

In tlle reports for 1856 and 1858 he discusses the tidal currents near Sandy Hook and their 
effect upon the growth of tl!e hook. His explauatiou of the fact that the velocity of the ebb 
strnam generally exceeds that of the flood is us follows:• 

Since the tido wave is 1iropagated most rapidly in doep water, it follows that tho fall of tho tide takes place 
earlier in tho channel than upon the shore; hence the water tends to flow lator:ally from, tho shore towards tho channel. 
In this way a couvorgeuco of tho ebb streams may bo expected, especially in shallow bays. With the flood streams 
t.hc reverse must ho trno, and the ti<lo wavo rising earlier in tho clmnnol a flow of water takes pl:ico toward the shore. 
In conscrt110ncn of these distinctive characteristics tho obb and floocl assulllo an unequal share in the molding of 
sau<ly coasts. The ebb current, with its concentration of forces, is a far moro powerful agent than the flood; its 
scouring capacity nlong its normal course must he moro consic!erab)e, and it creates moro extoush·e draft cur­
reuts . . . . But the ebb is tho primary working agent, und tho chnmcteristic features of all channels and 
basins, on alluvial tidal coasts, must, as a rule, reilect tho oll'ects of the obb current. 

128 . .An account of Pourtalcs' metllod for finding the diurnal wave is given by Cl!arles A. Schott 
in a discussion of Kane's tidal observations in the Arctic Seas, Smithsonian Contributions to 
Knowledge, Vol. XIII (1863), p. 78: 

The proces8 of decornpo"itiou in use in tho U. S. Coast Survey was at first an anal~·tical one, by computing 
sine curves; since 18:):), however, n graphical 1>roccss, equfralent thereto, was 1rnbMtituted; this latter method, as 
intro<lucocl by Assistant L. I~. Pourtalos, may bo briefly explainocl as follows: After the observations are plotted 
and u traci11g is tuken, the traced curves aro shifted in epoch 12 (lunar) hours forward, when a mean curve is 
pricked off bot ween tho observed und truced curves; this process ill repeated after the tracing paper has been 
shifted 12 hours backward; the u.ver:igo or mean pricked cun·e thus obtained represents tho semi-diurnal wave. 
Ou an axis l>arallel with that on which thci timo is counted, tho difforoncns between tho originally obscn·od au1l the 
constructocl semi.dmrnal wave wore laid off; this constitutes the cliur1rnl curve. In tho case in hand I Irnvo simplifiocl 
the iirocess of sopuratiou l>y blackening the under surfacci of the tracing paper with a lead pencil, and running in 
with a froo hau<l; tho intermodinto curves by tho pressure of a style, 1111 averuge of tho two trncll:l thus left on the 
lower paper, gnvo tho semi-cliurunl wave in quite un expeditious manner. On tho diagram, the diurnal curve with 
its epoch of high water nearly coinciding with that of tho semi-diurnal wani, appears iilainly with its variation in 
Hizo clepernliug on the moon's declination. 

Besides the Arctic tides just referred to and those observed by Dr. Hayes, Schott has discussed, 
in the Coast Survey geport for 1854, the tidal currents around Nantucket and Marthas Vineyard, 
also the tides and currents of Long Island Sound. 

Largely through the exertions of .Lli•cry, the Survey commenced tlle annual publication of 
tables of predicted tides. Tl!ese tables, already alluded to, began witl! the year 1867 and con­
tinue up to the present time. In a paper entitled "Methods of registering tidal observations," 
found in the Survey Ueport for 187U, A very gives a considerable amount of practical information 
in regard to observing tides; also a description of a self-registering gauge of his own design. 

1'he p.i;incipal writings of Jllitclwll are found in the Coast Survey Heports from the year 1854 
to the year 1887. Tl!ey deal mostly with the effects of tidal currents upon harbors and sliore lines. 
Incidental to such work, he devised a tide gauge for exposed stations,t and au apparatus for 
observing currents below the surface.t The localities treated at some leugth are: Marthas Vine­
yard and Nantucket, New York Harbor, Monomoy Peninsula, Portland Harbor, Greytown and 
Uraba, tlle Lower Mississippi Hiver, the Delaware Hiver, and the Gulf of Maine. 

II is principal papers of a general character are: "On the reclamation of tide lands and its 
relation to navigation" (Report, 18fi9); "Location of harbor lines" (Report, 1871); "Notes con­
cerning alleged changes in the relative elevation of laud and sea'1 (Heport, 1877). They contain 

----------- ----------------------------- ------- ----
•Cf. l\1itclwll, Gnitod States Coast Survoy Report, 186!!. 
t l:nitecl States Coast Survey Report, 185'1, pp. HJO, 191; 1857, pp. 403, 404. 
tlbid., 1859, pp. am-317. 



454 UNITED STATES COAST AND GEODETIC SURVEY. 

numerous rules and practical suggestions, which belong to the art of hydrographic engineering 
rather than to the study of the tides. To these we may add his pamphlet, issued by the Navy 
Department in 1868, entitled "Tides and tidal phenomena." · 

Hydrographic work of a similar character has been since carried on by Henry L. Marindin. 
His papers upon the same are to be found in the Survey Reports since 1880; in particular those 
for 1888 and 18!)2. 

129. Rev. Samuel Hp,ughton's principal writings upon tides are to be found in the Philosophical 
Magazine (1856, 1863), the Philosophical Transactions \1863, 1866, 1875, 1877, 1878), and the 
Transactions of the Royal Irhih Academy ( 1854, 1893, 1895). Besides these may be mentioned 
brief notices in tho Proceedings of the Royal Society of London (1860-1877) and a small book 
entitled Manual of Tides and Tidal Currents (1870). 

The tides discussed by him are those around the coasts of Ireland and in the Arctic Seas. He 
has, in a general way, followed the methods of Airy, and among the quantities worked for are the 
mass of the moon, the eccentricity of tho lunar orbit, the mean depth of the Atlantic Ocean 
regarded as a canal running north and south. 

lVilliam Parkes, in the Philosophical 'fransactions for 1860, treats tho high and low waters at 
Bombay and Karachi, where the dil.\rnal inequality is large. He combines the two waves of 
variable amplitudes-the diurnal and semidiurnal-and obtains results agreeing fairly well with 
observation. In the British Association Report for 1870 (I, p.150), Thomson makes some mention 
of Parkes' work, comparing with observations predictions made by the latter's method, those 
made by Thomson's method, and those according to the Admiralty method. 

Ja.mes Groll has written upon the influence of the tidal wave on the earth's rotation, and upon 
the causes and climatic effects of ocean currents. These writings are fQJmd in the Philosophical 
Magazine, American Journal of Science (1864-1876), and British Association Report (1876). 

1'. K. Abbott has contributed brief papers on tidal theory to the Philosophical Magazine 
(1870-1872), the Quarterly Journal (1872), and Ilermathena (1882). Bis small book, based upon 
the foregoing papers, entitled Elementary Theory of Tides (1888), gives a popular treatment of a 
few fundamental questions in the kinetic, or rather the canal theory. 

E. Lacy Garbett, somewlmt after the manner of Abbott, gives a popular exposition of several 
difficulties in the kinetic theory of tides. He says (Phil. Mag., '1870): 

It appears that, without supposing the remark to be in anywise now, I happenecl in 1853 to make the first 
English mention that tidal friction must increase the length of tho day • . . and to suggeRt (what Delaunay is 
now considerocl to hose verified) that this cause might have counteracted and masked the shortening clue to con­
traction, so as to account for the non-diminution (or, as now admitted, lengthening) of the <lay since Hipparchus'H 
time. [See under Ferrel, "Questions of priority."] 

In the Philosophical Magazine for 1874 Alfred Taylor has a paper entitled "On tides and 
waves,-deflection theory." He advocates the view "that the level of the ocean is nearly repre­
sented by high-water mark on coasts and bays where there is free access of the tide and a channel 
without a sudden taper," instead of being about half-tide level as it would be natural to suppose. 
He does not believe that tidal action has the smallest effect on the rotation of the earth. His 
"Deflection theory" takes its name from a supposed deflection (refraction T) which the attractive 
rays experience in passing through the earth. He deduces from experiments by J. S. Russell and 
by Darcy a new formula for wave propagation in any depth,p, viz.: v·-3 vp feet per second. 

E. J. Chapman, in tho Philosophical Magazine for 1874, proposes the theory that the tides 
result from the compression of the earth's nucleus, which is surrounded with a layer of incom­
pressible water. 

130. J. Heinrich Schmick is the author of a book entitled Das Flutphiinomen und sein Zusam­
menhang mit den sakularen Schwankungen des Seespiegels (1874). Besides treating the matter 
indicated by the title one part is devoted to earthquake, sea, or ocean waves. 

Hugo Lentz is the author of a book entitled Fluth und Ebbe und die Wirkungen des Windes 
auf den Meersspiegel (1879), gives among other things an intelligent account of tidal inequalities, 
and shows that the notion of the "age" of the tide is quite untenable. As indicated by the title, 
a portion of the work is devoted to wind effects on the height of the sea, the stations considered 
being along the North and Baltic seas. 
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Oomoy, in his book entitled lttnde pratique sur les Marees Fluviales et notamment sur le 
Mascaret ( 1881 ), gives an account of wave motion, particularly waves of translation, as propagated 
up tidal rivers; a study of the mascaret in the rivers of Fra.nce; and the effects of river 
improvements. 

J. 0. Houzeau and A. Lanoaster in their Bibliographie generale de I'Astronomie,• Vol. II, pp. 
626-635, give a complete list of papers upon the theory of tides, including the effect of lunar 
attraction upon gravity, the effect of the tides upon the earth's rotation, also atmospheric or aerial 
tides. The list begins with the writings of Wallis and continues through the year 1880. 

131. A. B. Basset is the author of a treatise on hydrodynamics (1888), the seventeenth chapter 
of which is upon liquid waves. Chapter XIX is devoted to the theory of tides. He treats in 
brief the equilibrium theory, gives D'.:trwin's development of Laplace's theory, and also portions 
of Airy's canal theory. 

Prof. Horace Lamb in A Treatise of the Mathematical Theory of the Motion of Fluids 
(1879), in addition to a general exposition of his subject, discusses "waves of small vertical 
displacement" (i.e.," long waves" or" waves of translation"), and illustrates by examples drawn 
from Airy's treatment of tides in canals. Near the close of his book is a'' List of memoirs and 
treatises" pertaining to fluid motion. 

In his Hydrodynamics (1895) the tidal theory is set forth in a concise and masterly manner. 
It is the best exposition of the theory known to the writer. The chapters entitled "Viscosity" 
and "Equilibrium of rotating masses of liquid," involve the principal discoveries along these lines 
made by Stokes, Rayleigh, Kelvin, Darwin, Love, Lamb, Poincar1~, and others. 

132. Prof. Wm. Harkness, Washington Observations for 1885, App. III, gives a collection of 
determinations of the mass of the moon since the time of Newton, adding thereto determinations 
made by himself from the harmonic constants of over thirty stations. His concluded value from 

the tides is 0·012714±0·000222=1/78·653±1.374 (= 8~ + oµ). At the close he gives a "List of 

works consulted in the preparation of the foregoing paper," and here are given numerous refer­
ences to recent papers on tides. 

Maj. A. W. Baird is the author of a book entitled Manual for Tidal Observations (1886). 
In the first part are practical directions for locating stations, setting up and caring for tide 
gauges, and auxiliary (meteorological) instruments. In the second part are directions for 
carrying out the harmonic analysis in accordance with the system of Thomson and Darwin. The 
appendix consists of auxiliary tables used in connection with the analysis. 

L. d'A1tria has contributed several articles to the Journal of the Franklin Institute, among 
which are the following: "On the measurement of tidal heights" (1879); " Ou the force of impact 
of waves," etc. (1890); "A new theory of the propagation of waves in liquids" (1890); "Analytical 
discussion of the tidal volume admitted into bays and rivers," etc. (1891); "The law of variation 
of the theoretical amplitude of tidal oscillation,': eto. (1891). 

In these the meaning of the author is not always clearly set forth; consequently it seems 
impossible t-0 ascertain just what he ha8 in mind, and why he believes that certain relations 
obtain. The subjects of these papers are important and his treatment is suggestive; for these 
reasons they may be worth consulting. 

Prof. Willimn Ferrel (1817-1891). 
133. Ferrel's Tidal Researches, published by the Coast Survey in 18741 include the greater 

part of his theoretical work. One of the principal oqjects of these investigations is the deter­
mination of the effects resuHing from fluid friction when assumed to vary according to a power 
of the velocity greater than the first (friction=-/ V''), Laplace had generally altogether ignored 
friction, and Airy had assumed it to be proportional to the first power of the velocity. In either 
of these cases the fundamental differential equations of motion are linear, but upon Ferrel's 
assumption they no longer remain so. Dr. Young had assumed friction to be as the square of 
the velocity, but his treatment is imperfect, inasmuch as it does not involve the equation of con­
tinuity. The important and then new subject of shallow-water components is treated at some 
length in the Tidal Researches, but much more fully in his "Discussion of tides in Penobscot 
Bay."t 

----------·------· - -- ----------·--- ·---·-----·-----
• Drussols, 1882. t United States Coast and Geodetic Survey Report, 1878. 
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Ferrel was the first to give, in 18G8, any considerable development of the tide-producing 
potential. This ucvclopmcnt he reproduces, with some modifications, in his Tidal lfosearchcs. 
Confining our attention to this later treatment, we may describe it as follows: 

Laplace's expression for this potential, when ucveloped in multiples of the body's hour angle, 
gives rise to several distinct parts or classes of terms, which may be written in the general form 
N, cos s ( nt + LJJ' - 1/'), or N,' cos s ( nt + LJJ' - 'f· '), according as the moon or sun is considered, s 
taking the values O, 1, 2, The first part does not contain the hour angle of the disturb­
ing body, the moon, say; the second class has a period a lunar day in length; the third class a 
half lunar 1iay; the fourth class one-third of a lunar clay; on account of the smallness of the last 
it may be clisregarded, for the present at least. 

The coefficients of these periodic functions of the moon's hour angle have, at a given place, 
two elements of variability; the one being the factor l/ r\ the other some sine or cosiue function of 
o, the moou's declination. 1/r3 is equivalent to a constant quantity (which is slightly greater than 
1/ p3, p being the mean value of r) plus comparatively small periodic terms whose arguments or 
periods readily follow from the expression for the moon's parallax. Here and elsewhere Ferrel 
employs circular arguments which vary uniformly with the time, or nearly so. 'fhe arguments of 
the principal periodic terms in 1/r~ are the moon's mean anomaly, the argument of evection, of 
variation, twice the moon's mean anomaly, and the mean anomaly of the sun. '.l'he circular argu­
ments belonging to the functions of o, already referred to, are the longitude of the moon and of 
the lunar node. ·when 1/r3 is multiplied by these functions of o, terms naturally arise whose 
arguments are simple combinations of tliose in the two factors. In this manner the coefficients of 
the three principal parts of the moon's tide-producing potential are each cleveloped into a number 
of terms constant or periodic. The periodic terms in that part (No) of the potential which does 
not i11volve the moon's hour angle, and which give rise to oscillations in the sea level of long 
period, really constitute a harmonic development. 'rhe coeflicient (:Ni) of the function whose 
period is 01,10 lunar day has no constant term, but its pl'incipal term has as argument the longi­
tude of the moon reckoned from the solstice. This coeflicie11t or amplituue is therefore negative 
during half of each month. The coefficieut (N 2 ) of the function whose period is a half lunar day 
consists of a constant term together with numerous periodic terms. The most important of these 
have as arguments the moon's mean anomaly, twice the longitude, the arguments of evection and 
of variation. 

Of course the tide-producing potential of the sun admits of a similar development. 
The tide producing potential due to the attraction of both sun anu moon may likewise be 

developed. 'l'he terms which do 11ot involve the hour angle of either body are simply added 
together algebraically. The parts having a half-day period, N2 cos 2 (nt + LJJ' - 1/Y) and N2' cos 2 
(nt + LJJ' - 1/·'), give, when combined, a resultant amplitude of the form ol>tained when two cosine 
curves are combined into one. The angle or argument, which is twice the moon's hour angle, 
becomes in the resultant somewhat altered; but this, too, is in accordance with the combination of 
two simple cosine carves. The expansion of the resultant amplitude (N2 ) gives rise to a constant 
term and to numerous periodic terms, the chief of which has as argume11t twice the angfo between 
the sun and moon. 'rhe arguments of several others have already been mentioned. 

Ifin the diurnal part, the sidereal (or, more properly, tropical) day had been used instead of 
the lunar, then the coefficient woulu have had a constant term, and numerous periodic terms; the 
arguments of the two principal periodic terms being twice the longitude of the moon, and twice 
the longitude of the suu, 'both reckoned from the solstice, say. 

This nonharmonic development of the potential is in a form for application to observations 
made upon high arnl low waters. It shows the theoretical proportious between the various 
inequalities in the tide. The non-harmonic or inequality methods of Ferrel form an extension to 
the works of Laplace and Lubbock. He makes use of all observations, and not of certain groups 
selected for particular purposes as did Laplace; he distributes the ol>serva.tions according t.o the 
i:iequality sought, usually dividing its period into 12 or 24 nearly equal parts; he analyzes tlie 
corresponding 12 or 24 values of the ranges or intervals, thereby aetermining the most probable 
value of the amplitude and position of the inequality; lie compares th(I ratio of the coefficient to 
the range of tide with tlrn corresponding ratio in the tide producing potential; the failure of 
these to a~ree implies the existence of what Laplace calls "accessory circumstances," or an 
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Incorrect assumed mass of the moon, or both. The grei1ter the number of inequalities treated, the 
more of these constants can be determined. Ferrel usually determines two l;>esides the correction 
to the mass of the moon,. usiug therefor the three largest inequalities in the (semidaily) tide.• 

.As some account of bis method of determiniug the coeflicients and epochs of the inequalities 
appears in § 54, also in § 46, Part III, no further notice will he taken of it here than to refer to 
Chapter VI of the 'ridal Hesearches, where the tides at Brest are discussed; to his "Discussion 
of tides in Boston IIarbor;" t and particularly to his" Discussion of tides in New York Harbor."t 

In regarll to Ferrel's harmonic development of the potential of the tide·protlucing forces, we 
will only remark that it is the first ever made-at least with any tolerable completeness; that 
a nnmber of lunar nodal terms are given which arise from the varying inclination of the lunar 
orbit t-0 the plane of the equator; and that his numerical values of the coefficients of the sun's 
tide-producing potential are each affected by a term in o 11.§ For, the coeflicients of the tide­
producing potential of the sun, when expressed as fractions of certain parts of the tide-producing 
potential of the moon, must involve some assumption regarding the mass of the moon relative to 
the mass of the earth or sun. Ferrel assumes the mass of the moon 1 /SO that of the earth plus 
another very small fraction <J J.l of the earth's mass. 

134. The fundamental tidal equations are satisfied by assuming the vertical and horizontal 
displacements of the fluid particle which result from a, harmonic term of the potential to be simple 
harmonic functions with constant coefficients and coperio<lic with the term of the potential, friction 
being ignored or taken to be proportional to the first power of the velocity. Bnt if friction be as 
a higher power of the velocity, then, although the water be deep, the simple harmonic functions 
just referred to 110 longer satisfy the tidal equations, aud 1,;i111ple lrnrmonie functions of one-third 
the period of the others must be included in the expressions for the displacements. 

1-IPnco wo have obtained as a first result of tho effect of friction, which must ])(I regarllecl as new aU<l important, 
that wltenfriotion is as a ltigltcr power than the first 110we1· of the tieloaity, it p1·od1toes, in either diurnal 01· scmidiurnal tides, 
small oacillations with a period which is 011e-tllircl of that of the principal tide. 

In case of very shallow watm:·, where the amplitude of the vertical oscillation bears a sensible 
proportion to the depth, quarter-day oscillations must be ineluded in the expressions for the dis­
placements of the particle, the resistance due to friction being either included or ignored.I! 

135. Ferrel's method of determining the moon's mass from hnrmonie components. 
By the equilibrium theory the amplitudes of all components of the same class (long-period, 

diurnal, or semidiurnal) should have fixed ratios to one another and so to any one of them. The 
epochs of all components of a class sl10uld he equal to one another. If the speeds of the compo­
nents were very nearly equal this would, undoubtedly, be very nearly the case; and constant use is 
made of this fact iu inferring one component from another. In passing from one component to 
another of sensibly different speed, Laplace assumed that the amplitude is altered by a small 
quantity, proportional to the difference in their speeds. As will presently be seen, this agrees with 
Ferrel's work only to the first approximation. 

Ferrel assumes that the change in the tidal coefficient due to a change of velocity of the 
disturbing body in right ascension, is not generally proportional to the amount of change in this 
velocity, as Laplace had assumed.~1 

Let i 0 denote the speed per day, expressed in radians, of a component A 0 ; let i, or i, the speed 
of another component A,, to be compared with A 0 ; and so 

i = i 0 + U, (270) 

where u, denotes the daily difference in speeds expressed in radians. Let the coefllcients of 
the corresponding terms of the tide-producing potential he 11, and IT .. ( = 1). Let the ratio 
A,/ A., be denoted by R,; the question arises, how does R, differ from H,, because (is not exactly 
eq nal to i., ~ 

•Tidal Researches, H 19, 25, 56, 73, 182-l!JH. 
t l:nite<l Stutes Con.st Survey lfoport, 1868. 
t l!Ji<l., 1875. 
§Ibid., 1878, p. 270; Ti<lnl Hcseurchos, §§ 28, 20. 
\I Cf. Airy, Titles ancl Waves, Art. 198; or seo unclor Airy. 
~ Uniletl States Coast Survey He11ort, 1868. 
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By the equilibrium theory 
!f., = 1. 
H, 

(271) 

But~~ being a function </i of i, = (i0 + u,), 

2 

r/J (i) = tPo + 1t,</>o' + ~ tPo11 + . . . ' (272) 

where the accent denotes differentiation with respect to i 0 • But </io = Ro/H0 =1, and r/Jo', ~ r/Jo", are 
constants which Ferrel denotes by E, E'; 

Similarly for the epoch, 
. ·. R, = H. (1+1t,E + u2,E'). (273) 

(274) 

In case of the semidiurnal components, Ferrel's equations for determining E, E', oµ are, 
adding equivalents in the harmonic notation,• 

S2fM2 = R 1 = (0·4582 - 36·2 oµ) (1+0·4255 E + 0•181 E'), 

µ2/M2 = ~ = 0·0240 (1-0·4255 E + 0·181 E'), 

K 2/M2 = ~ = (0·1256 - 3·2 oµ) (1+0•4599 E + 0·212 E'), 

L:i/M2 = R 4 = - 0·0286 (1 + 0·288 E + 0·052 E'), 

N2/M2=R5=0·1922 (1-0·!:!28 E+0·052 E'), 

[ 

lunar]R6=-0·0359 (l-0·001 E), 

nodal R7=0·0359 (1+0·461 E+0·212 E'). 

(275) 

(276) 

(277) 

(278) 

(279) 

(280) 

(281) 

"Where the amplitudes of all the principal components are determined from observation, we 
get R, by,dividing A, by A 0, and hence Ao is thus eliminated • . . from the preceding equa­
tions. The first members being thus determined from observation, these equations, or a sufficient 
number of them for the purpose, can be used in determining the unknown constants in the case of 
nature, and the correction of the moon's mass. It is readily seen that in these equations, . . • 
the determination of o µ depends almost entirely upon the first and third, and that • • . the 
neglect of the terms depending upon E', unless they are large, can have no sensible effect upon 
the value of o µ, and that the effoct of neglecting them is thrown almost entirely upon the value 
of E. When, therefore, the principal object is to obtain the correction of the moon's mass, and a 
very accurate value of E is not desired, the terms in the equations depending upon E' may be 
neglected, and then the first and third equations are sufficient for the purpose. All, however, 
can be used and the most probable values obtained by the method of least squares." 

The equations between the amplitudes of the diurnals for the determination of the constants 
Ao, E, E', and oµ are 

K 1=A1=(0·5306-13·1 oµ) (1+0·230 E+0·053 E') A 0, 

0 1=A2=0·3813 (l-0•230 E+0·053 E 1)A0, 

P 1=A3=(0·1730-13·6 oµ) (1+0·196 E+0·040 E') Ao, 

[ 
Junar]~=0·084 (1+0·231 E+0·053 E') A 0, 

nodal A~=0·070 (l-0·231 E+0·053 E') Ao. 

(282) 

(283) 

(284) 

(285) 

(286) 

In§§ 197-228 of his Tidal Researches, Ferrel applies theRe formulm to the tides at Liverpool, 
Portland, Fort Point (Cal.), and Kurrachee. 

•Tidal Reeenrohes, pp. 91, 92. 
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In his "Discussion of the tides in Penobscot Bay," United States Coast Survey Heport for 
1878, he repla-0es the two lunar nodal components of the diurnal group by the lunar elliptic com· 
ponents Q1 and J 1, and omits E'. These formulre become 

K 1 = (0·5306 -13·1 oµ) (1+0·230 E) Ao, 

0 1 = 0·3813 ( 1 - 0·230 E) A 0, 

P 1 = (0·1730 -13·6 oµ) (1+0·1U6 E) A 0, 

J 1 = 0·011 (1 + 0·458 E) A0, 

Q 1 = 0·052 (1- 0·458 E) A 0• 

(287) 

(288) 

(289) 

(2fl0) 

(291) 

In a paper by Prof. William Harkness (q. v.), entitled "The solar parallax and its related con· 
stants," •the author has pat Ferrel's equations for the moon's mass, etc., into forms better adapted 
to computation. 

136. On inferring small component.Y. 
Of course the solution of the equations in oµ, E and G (E', G' being neglected) render it theo­

retically possible to infer tl)e amplitudes and epochs of other small components which may be 
required in the representation of the tide. To illustrate, suppose we wish the amplitude and epoch 
of Q,. From the equations in K 1, 0 1, and P 1 the quantities oµ, E, and Ao are obtained. These 
values for E and A 0 being substituted in the equation for Q1 give its theoretical amplitude. On 
page 448 of the United States Ooast and Geodetic Survey Uepurt for 1882, Ferrel thus finds Q1 for 
Port Townsend and Astoria. On account of bhe large positive value of E, the formula 

Q1 = 0·052 (1- 0·458 E) Ao 

gives in each case a value for Q1 much smaller than that obtained from harmonic analysis. In fact, 
Q 1 could have been inferred from 0 1 or K 1 by means of its equilibrium ratio much closer than by 
Ferrel's process. Oonsequently his remark that his small inferred value of Q1 is due to a certain 
shallow water component combining with Q1 can hardly seem probable. 

The epoch of a small diurnal component like Q1 is inferred by putting 

Then 

Eo=L=~ (K1o+010) 

K,0-010 
G=--k-;.:....::0-

1
--=0·911 (K10-010) hours 

= 0·038 (K1°-01°) days. 

Q10=L-26·25 G 

(292) 

(293) 

(294) 

(295) 

where G is expressed in days. On the next page of the Heport (1. c.) Ferrel thus determines Q1° 
for Port Townsend, Astoria, and San Diego. The agreement with the analysis is very satisfactory. 

Similarly he makes use of the equations in 8 2, K 2, and N2, determining oµ and E from the 
semidiurnal group, but with the modification noted below.t 

It is readily seen from an inspection of these equations that they can be satisfied only very imperfectly for Pulpit 
Cove, within any determined values of l5t1 and E, and that they can be much better satisfied by m11Iti11lying the first 
members of the equations by an unknown constant. This constant is introduced upon the hypothesis that the tid:tl 
components are diminished by the effect of friction which is 118 a higher power than the first power of the velocity, 
as I have at various times explained. Upon this hypothesis large tides are diminished by friction more than small 
ones in proportion to their amplitudes, and hence where there is one lar~e component, as the mean lunar, and a 
number of much smaller ones, since the amplitudes of the latter are obtained by analysis from the differences between 
the larger and smaller re~ultant tides, the smaller components are diminished more than the larger ones in proportion 
to their magnitudes, unless friction is as the first power of the velocity. If we take the first, third, and fifth of the 
preceding equations for Pulpit Cove, and introduce a constant factor o, we have-

------· -----------

0•15740=(0•4582-36•2 oµ) (1+0·4255 E) 

0·0469o=(O·I256- 3·2 oµ) (l+0·4599E) 

0·2082o=0·1022 (l -0·228 E) 

(296) 

(297) 

(298) 

*Washington Observations for 1885, App. III. t United States Coast and Geodetic Survey Report, 1878, p. 297. 
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The solntion of these equations gives-

(29!1) 

The solution of all the equations by the method of least squares would give values for these eonstantti differing 
but little from those above on account of tho Hmallness of the amplitudes in the neglected oquatiouH, which g!Yes 
them little weight. The val no of oµ abo,·e gives for the moon's masH µ = i;\;, which is much too !urge, as is nsnally 
the case where the relations differ much from those of the 011uilibri11m theory. The oqnations for Liverpolll giYo 
JI= ) 1,, and for Kurracheo, where tho relations approxima.to morn nearly to those of the equilibrium theory, J' = 7 -.,1.;;, 
which is perhaps not very much iu error. 

ln regard to the epoch, we have 
(300) 

and (J is determined from the values of S2°, NP, anti K2°. 
In regard to the effects of shallow-water co111vo11ents upon such quantities as these and oµ, 

he says:* 
From the preceding investigation of the shallow-water tides, I think that we cau now see clearly why it is that 

satisfactory and consistent values of the moon's mass have not in general been obtained from tho relations of the 
semidinrnal tides; for those relations are disturlwd hy tho various shallow-water components, which <lo not enter. 
iuto tho theory of deep-water tides, which has been usetl in determining the moon'!! mass. The perfection of the 
tidal theory, so as to represent accurately the results of observation at all tide stations, and give a correct mass of 
the moon, depends now mainly upon tho study of the shallow-water terms. 

With regard to tho det.ormination of the moon's mass, from the results so far as obtained the relationti of the 
diurnal tides promise bettor success in tho future than those of the somidiurnal tides. Tho diurnal tides are not 
affected by su many of tho shallow-wator components, and it is probable that these can bo determined from the 
analy~is of tho observations, since there are two comparatively quite large components with periods differing from 
those of any others, aml hence ean be determined by aualysis of tho observations; and then from the thoorntical 
relations given in Schedule III the others can be, at least approximately, determined, and tho components of deep­
water tides which they affect can be corrected for their effect. The relations of these corrected results, obtained 
from the analysis of thii observations, t;honld then agree with tho theoretical relatirns, and give a correct mass of 
the moon. 

137. Chapter IV of the Tidal Hesearchcs treats of tides in canals. He naturally goes over 
much of tlie ground previously gone over by Airy. As already stated, Ferrel assumed a more 
general law of fluid friction so that many of Airy's results follow as special cases of Ferrel's. 
Tl.Je subjects l.Jere considered are canals extending east and west along the equator or parallels of 
latitude; canals coinciding with a meridian; and shallow canals extending from the sea inland. 

Under east and west canals Ferrel notices that: 

iii t/1e case of friction, tlte 0Bcillatio11s of each separate co1npo11ent ca1111ot ·in 9ene1'al t•a11ialt 1 and gil'c rise to 
a complete nodal point. 

1'hcnJ cannot • be in gmwral any place in the canal where the i:crlical oscillations 1m11pletcly vanish. 
\Ve might . have two canals uear each other, extuntling east au<l west., of tho same length and depth, 

snch a!! to satisfy (206)t approxirnatoly for either tho moon or sun, or both, if tho cmrnls were not very long ancl 
shallow, and if we should suppose the lunar forces to act upon the one :ind tlto Holar forces upon the other, the 
lunar and solar tides in the two canals would not only not be at all in proportion to the forces, which is the effect 
of a large value of B, but also the epochs might lie very different in tho two, u11011 which the vahre of G depends. 
If we therefore suppose tho lunar and solar forces to act upon the 1mme canal, we have tho two tides coexisting 
without interference, at least when friction is as the first power of the velocity, hut tho epochs or tho two differing, 
that i.i, the times of high wiLter occurring at different iutorv:lls from the times of transit of tho moon and sun over 
some ai;sumed meridian, thn high waters of the two do not coincide generally at tho timeH of tho syzygies of the 
moon and sun, and cause the greatest tides, but some time before or after. It is evident from a more inspec­
tion of the expressions, that it depends entirely upon circumstances whether IE and G aro posith'c or negative, tliat is, 
w!Jether the lunar or the solar tide is tho greater in proportion to the forces, and whotber t.he maximum of the result­
ant tide happens before or after the syzygies. This will be nlso shown in u. subsequent part of the chapter by means 
of actual computations in various assmnod cases. 

In § 145 Ferrel gives a table for various assumed conditions, or rather constants, relating to 
tides in canals, such as the length, depth, and friction constants. From these he computes the 
constants A 0, Lo, E, G, F, F'. From the computed values he notices that friction may iucrease 
the amplitude of the tide; the amplitudes for different assumed conditions may vary widely; it 
may be high water at one end of a canal while it is almost low water at the other end; the values 
------------ ·--· ----· -··-------···--·---·-·-----------· 

"United StateH Coast and Geodetic Survey Heport, 1878, p. 299. 
t I. o., such length nnd dopth as will give very largo vertical oscillations. 
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of E, G, and F' may be either positive or negative, and tlleir values may vary greatly for the 
diflerent assumed conditions. 

'fhe equations belo11ging to a canal coinciding with the equator apply to shallow canals 
extending from tile sea inward, '' )Jy neglecting the forces in tllese equations, and regarding ru as 
expressing distance in terms of the eartll's radius, instead of longitude." 

'l'llis renders tile fundamental equations of motion very simple, especially if friction be also 
neglected. · 

Ferrel finds, in § 143-

That tho equati';,n of continuity in a sliallow <"anal cannot he R11tis!ie1l without 11 change of moan love!, a11<l 
that the periodic vertical OH<'illations are ahont this disturl.HHl mean le\·el, i11stead of the nn<listurhed in tho case of 
no oseillutions. This is a new and important result, ancl Hhows that wh11ro the water is 1-1hallow the true nudis­
turbed level cannot be obtained from any number of tidal observations taken at eqnul intervals through all parts 
of the phase of the tide, but that to the level thus obtai11erl a co1Tection must be applied . . . to reduce it to the 
true level, which . . . is in some places pm1itive ancl in ot.hers negati\'o. • 

In §§ 248-253, Ferrel notes instances taken from nature to which these statements seem to 
apply. 

ms. Chapter V is devoted to the theory of tides upon an ellipsoid of revolution, and is 
largely devoted to Laplace's solutions of tidal equations. 

ln case of the diurnal tide everywhere vanishing if the depth of the water were uniform, 
Ferrel contends that althougll La1llacc's rmmlt is correct, his ma.nner of solution is incomplete in 
that it fails to show that the problem remains indeterminate until tlle proper assumption is made 
regarding the form of a', the excess of the height of tide over the equilibrium height. 

Ferrel first published his views on this subject in Gould's Astronomical Journal, Vol. IV 
(1856). 

In regard to the indeterminate coetlicieut of x4, i. e. A 4, he contends that, since ever so little 
friction must destroy the initial conditions, thus making the oscillatious de11end entirely upon tlte 
disturbing force nnd vanish with it, the value of A 4 to be used must be zero. Finally, for various 
deptlls assumed by Laplace, Ferrel computes anew the corresponding ranges of title, antl linds 
them, he believes, much more conformable to nature. For references to the late papers of Ferrel 
and others on this question, see footnote under Laplace. 

139. Chapter VI is devoted to the discussion of high and low waters by the inequality method 
already referred to. The next chapter /,dves various comparisons between theory and observation, 
the most of which have likewi~e been referred to. 

Chapter VIII gives some account of the tides of the :North Atlantic Ocean (whose size he 
attributes t-0 the fact that a canal extending from Europe to America, thus closed at both ends, and 
having the depth of the Atlantic, has for its free period approximately a half lunar day); t the tides 
of the Gulf of )iexico, of the Island of Tahiti, and of Lake Michigan; §§ 248-25:~, already ref'errPd 
to, are devoted to observed variations iu sea level from plaee to place. 'l'he chapter closes with au 
account of different forms of tidal curves. 

140. Chapter IX is upon the tidal retardation of the earth's rotation. This brings the author 
lmck to his firl'lt scientific paper, a11d which was published in Gould's Astronomical Journal, 
Volume Ill (1853), pages 138-141. 

In a note entitled" Questions of priority," published in the ,Journal, Volume IX (1890), page 
um, and quoted below, Ferrel again makes reference to thit:i subject. 

Iu this 1853 paper lte makes the first numerical estimate of tidal retardation in the earth's 
axial rotation based upon mathematical principles, although Kant ltad in 1754 made a rough 
estimate of it, and it Reeins that J. R l\fayer + and others hail published something upon the suu­
ject. At the time of writing this paper, Ferrel supposed that the then ouserved secular acceleration 
of tlte moon was fully accounted for by l1aplace's theoretical expression for the same. He was, 
therefore, led to believe t.liat the tidal retardation was counteracted by a gradual cooling and 
shrinking of the earth. He points out that if earth and moon are similarly constituted, the 
retardation in the moon's axinl rotation due to the earth must be to the moon's eflect upon the 
earth's rotation as the square of the mass of the earth is to tile square of the mass of the moon. 

Bertrand was the first to show, about 18GH, that the real motion of the moon in her orl>it 

*Cf. Tidal Hesenrches, 11 183. t ~Cll 11 :H. t Soe Phil. lllng., Vol. 2;"> (1863), 11. 403. 
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(not merely the motion as estimated by the period of the earth's rotation) was affected because of 
the tides upon the earth. This gives a retardation more than one-third as great as the apparent 
acceleration. In his Tidal Researches Ferrel puts these two effects together and finds, from the 
value of the moon's secular acceleration known by other meai;is, that the tidal displacement due 
to friction ought to be about 2°. As noted below, he had previously (in 1864) shown tidal fric­
tion to be the probable cause of the small outstanding acceleration of the moon. 

His note entitled "Questions of priority'' is as follows: 

It is well known that there is 11 discrepance between tho times of the computed and observed phenomena of 
certain ancient eclipses, which indicates that thoro has been a retardation of the earth's rotation. A plausible ex11la­
nation of 1mch a retardation is, that it is clue to the effect of friction upon tho tidal wave. The first suggestion of 
this explanation is usually attributed to Dclaunay. In Thomson and Tait's Natnral Philosophy it is stated that 
"About the beginning of 1866 Delannay suggested that the true explanation of tho cliscrepance might be a rntarda­
tion of the earth's rotation by tidal friction." Delannay's note on this subject was communicated to the Academy 
at Paris on December 11, 1865 (Comptes Rcndus, Vol. CI, p. 1023). My "Note on the Influence of the Tides in 
Causing an Apparent Acceleration of the Moon's Mean l\Iotion" was rea.d before the American Academy of Arts and 
Sciences on December 13, 186i (Proc. Vol. VI, pp. 379-;{83). In this note it was shown that upon the hypothesis of 
only a very moderate displacement of the vertex of tho tidal wave by friction, tho resulting amount of retardation 
of the earth's rotation would furnish an explanation of the discrepance between the computation und observation 
of the ancient eclipses. 

The writer also claims that the first suggestion that the cause of tho exact equality between the time of the 
moon's rotation in its orbit and on .its axis is due to tho effect of the attracting forces upon the lunar tides, was 
given in his paper "On the Effect of tho Sun and Moon upon the Rotary Motion of the Earth" (.d.str. Jour., 1853, III, 
pp. 138-142). * . 

G. F. Becker, Am. Jour. Sci., Vol. 5 (1898), p. 108, states that Laplace, in the 1824 edition of 
the System du l\fonde, refers the equality of the moon's periods of rotation and revolution to tidal 
action caused by the earth's attraction in the still fluid moon; and that Kant considered the tidal 
retardation in the moon's axial rotation as well as that in the earth's. 

In a paper published in the Astronomical Journal, Vol. V (1858), pp. 97-100, he examines the 
deflected course taken by a body moving upon or near the earth's surface because of the earth's 
rotation. It bas an important bearing upon the general circulation of the ocean and atmosphere. 
Among other things he establishes that a moving body in the northern hemisphere is always 
deflected to the right, and in the southern to the left. The radius of curvature of the path is 
always inversely as the sine of the latitude. For a small range of motion the path is circular, but 
for a large range it is not; the path is, however, self-returning. 

Ou pages 113, 114 of the same volume is a note supplementary to the preceding paper. He 
remarks that the deductions from theory have been verified by some delicate experiments of 
Foucault.t 

Besides devising numerous methods for the prediction of tides,t Ferrel in 1880 invented a 
tide-predicting maclJine. His published account of the machine and its use is found upon pp. 
253-272, of the Survey l~eport for 1883. It was designed with special reference to the prediction 
of high and low waters, thereby differing froII,l Thomson's machine which simply gives the contin­
uous curve. The theory of the machine is also given in §§ 58 and 60 of Part UL 

His paper entitlP.d "Heport of meteorological effects on tides," found in the Survey Ueport 
for 1871, refers to observations at Boston. 

141. Sir William Thomson (Lord Kelvin). 
Thomson seems to have been led to the study of tides through lJis work upon certain physical 

problems which involve their consideration. Among these problems is that of the rigidity of the 
earth, which he considers in the Philosophical Transactions of the Royal Society for the year 

*Cf. D. Vaughan, "Secular variation in lunar and terrestrial motion irom tho influence of tidal action," B. A. 
A. S. Report, 1857. Thomson, Phil. Mag., Vol. 31 (1886), p. 533, saye thut Ferrel was tile first to evaluate tidal 
retardation. Abbott, Elementary Theory of Tides, pp. 22 ot seq. Kelvin, Popular Lectures and Addresses, Vol. II 
(1894), pp. 10-44, 64-72. Ball, Time and Tide (1895), pp. 58-68. Soe under Thomson ancl under Garbett. 

t See Am. Jour. of Science and Arts, Vol. XV, p. 263, and Vol. XIX, p.141. 
t Un,ited Htates Coast Survey Heport, 1868, J>p. 87-95; 1875, pp. 215-221; United States Const and Geodetio 

Snn·ey Heport, 1878, pp. 299-304. 



REPORT FOR 1897-PART II. APPENDIX NO. 8. 463 

1863. • He finds that the earth's mass must have an effective rigidity at least as great as that of 
steel, otherwise the effect of its yielding would have been noticeable upon the amount of the pre­
cession or the nutatiou. Moreover, the earth must be for the most pa.rt solid and not fluid as had 
generally been maintained; for, a thin crust would have to be of fabulous rigidity to prevent tides 
in the molten matter within. The effect of any elastic yielding is, of necessity, to diminish the 
range of tide. Calling this range unity for an ocean covering a rigid sphere, the elastic yielding 
of the nucleus would cause the range to become 5 or i according as the rigidity of the nucleus is 
assumed to be that of steel or of glass. 

Supposing the long-period tides to nearly conform to the equilibrium theory, Thomson and 
subsequently Darwin were led to the careful study of such oscillations. A discussion by the 
latter of tides observed in European and Indian ports is given in Thomson and Tait's Natural 
Philosophy.t Poincare notices that the results of this discussion would be in error by a -h part, 
for a sea covering the entire earth, because the attraction of the disturbed wa1,er is th~re disre­
garded.t Darwin concludes that because of the water's inertia these tides (the small nineteen­
yearly one excepted) do not conform to the equilibrium theory suiliciently close for making valid 
the earth's rigidity derived from them.§ 

Thomson's paper upon the tidal retardation of the earth's rotation appears in Volume 31 
(1866) of the Philosophical Magazine; also in Thomson and Tait's Natural Philosophy.II 

In Vol. II (1894) of 'l'homson's Popular Lectures and Addresses entitled Geology and General 
Physics will be found a popular treatment of the tidal retardation of the earth's rotation, given at 
the close of the ~dress entitled "On geological time." In this volume are papers which treat of the 
in tern al constitution and the rigidity of the earth, viz., "Review of evidence regarding the physical 
condition of the earth" and "The internal condition of the earth; as to temperature, fluidity, and 
rigidity." Another paper is entitled "Polar ice-caps and their influence in changing sea levels." 

In about 1867 Thomson devised the harmonic analysis for tidal observations. In perfecting 
it he has been aided by J. 0. Adams, E. Roberts, and more particularly by G. H. Darwin. A his­
torical sketch of this subject is given beyond.,-r 

In about 1872 he invented the tide-predicting machine, although the first machine for actual 
work was not constructed until about 1876. For a brief account of tide-predicting machines and 
refe·rences to writings connected therewith, see§ 57, Part III, of this manual. It is llardly neces- · 
sary to say that this invention has proved to be thoroughly practical. 

'fhe Thomson harmonic analyzer was invented in about 1878. Some account of this machine, 
along with references pertaining thereto, is given in § 56, Part II. 

Among the statical problems given in Thomson and Tait's Natural Philosophy are the 
equilibrium theory of tides, and the effect of lunar and eolar attraction on apparent terrestrial 
gravity. 

If a sphere be but partially covered with water, its surface of equilibrium, even if the sphere 
turn upon its axis very slowly, cannot generally coincide with that of a sphere entirely covered 
with water to the same depth. The surface (or portions of surface) will, however, be parallel at 
any given instant to the instautaueous surface of the covered sphere. Upon this fact rests 
Thomson's "corrected equilibrium theory." Bernoulli treated the case of a small inclosed body of 
water upon this assumption, but Thomson was the first to suggest its application to tl1e ocean. 
The etfoct of the land is to modify the amplitudes and epochs in the expressions for the lunar and 
solar tides. Since the equilibrium theory is not concerned with depths, these modifications 
depend upon surface integrnls or, rather, quadratures.0 The work of making these quadratures 

•"On tho rigidity of tho earth," pp. 573-582. "Dynamical problems regarding ola;itic spheroidal shells and 
spheroids of incowprcsslble liquid," pp. 583-616. Cf. Proo. Roy. Soc., Vol. 12 (1862-63), pp. 103, 104; Phil. Mag., Vol. 25 
(1863), pp. 149-151. . 

t Ed.1883, §§ 847, 848. 
t Journal de Mathcmatiques pnros ot appliqucos. Vol. 2 (1896), p. 80. 
§Proc. Roy. Soc., Vol. 41 (1886), pp. 339, 342. Seo ll. A. A. S. Rtiport 1886, pp. 56-58; also under Laplace. 
II Section 830. 
~ Soo B. A. A. S. Hoports, 1868, I, pp. 489-510; 1~70, I, pp. 120-151; 1871, I, pp. 201-207; 1872, I, pp. 355-395; 1876, I, 

J>p. 275-307. 
0 Natural Philosophy! Ed. 1867, or 1883, § 808. 
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has been performed by Darwin for a long-period oscillation,* and by H. H. Turner for a diurnal 
and a isemidiumal oscillation. t 

It was the intention of Thomson to give the dynamical treatment of tides in a subsequent 
volume of the :N"atural Philosophy. 'l'he continuation of this work beyond the first volume has, 
however, been abandoued. 

It seems that Darwin's restatement of J,aplace's theory is in accordance with suggestio11s l>y 
Thomson.f 'l'homson has worked out additional solutions for Laplace's tidal equation§ a1ul 
defended Laplace's solutio11 in the case of a sernidiurnal tide when the ocean is of uniform depth. II 

142. Prof. George 11. ]}(l,ricin. 
. In the Philosophical Transactions for 18(;3 Thomson gives, with important physical deduc­
tions, an independent solution of a problem previously solved by Lame, viz., the state of strain 
of an elastic sphere nuder given stresses. In the Transactions for 187!l,[ Darwin treats the case 
of a viscous sphere or spheroid instead of an elastic sphere. Ile finds that the equations of flow 
in an incompressible viscous fluid are analogous to those of strain for an incompressible solid. Ile 
therefore finds it possible, in a measure, to adapt Thomson's work upon bo1lily tides in the elastic 
sphere to his case of a viscous sphere. llis results regarding the effective rigidity of the earth 
are in the main confirmatory of Thomson's. He finds a remarkably simple rule for making a com­
parison between tides in a fluid sphere and in a viscous sphere, also the effect of the internal 
yielding on oceanic tides. 0 

Hesults from Darwin's paper on the precession of a viscous spheroid are subsequently adapted 
by him to the making of a numerical estimate of the retardation of the earth's axial rotation. tt 

In the Proceediugs of the Hoyal Society for 187!) he gives a paper entitled "The deterruina­
tion of the secular effects of tidal friction by a graphical method," where first appear his well­
known diagrams illustrating the evolution of the earth-moon system.ft 

Outline of .Darwin's theory of tidal evolution.-Suppose the earth to be in liquid 01· semiliquid 
condition and to be rota.ting rapidly upon its axis, the period of rotation bei11g from two to four 
hours. 'l'he centrifugal force may be sufficient of itself to cause the matter now constit11ti11g the 
moon to become detached from the earth, whether as one body or as a chain of meteorites cousti· 
tuting a ring, is immaterial, provided the latter soon come together and make np the moon. If 
the centrifugal force be not sufticient for the accomplishment of this, it may happen that the 
length of a half day approximately coincide with the period of free bodily oscillation of the earth, 
which is probably a little less than two hours. 'l'he periodic tidal forces from the sun will cause 
the successive tides to rise higher and higher, until finally a portion of matter will be detached. 
At first earth and moon revolve nearly a8 a single rigid body about their common center of 
gravity; the earth-day and the moon-day are eacll equal to their" month." 

At the time here considered, the energy of the earth-moon system is a maximum; for as yet 110 

energy has been dissipated by tidal friction <lne to tidal currents, which each body is to set up in 
the other just as soon as their periods of axial rotation differ from their "month" or period of 
revolution about their common center of gravity. 

It is a principle of dynamics that the sum of tho moments of momentum of all rotations and 
revolutions of a system not influenced by extraneous forces is constant, however the distances, 
velocities, and the amount of energy may var·y. l~or simplicity of conception, tl1e rotation of the 
moon upon lier axis can at 1irst be ignore<! or lost sight ot 'l'he iiloon produces titl:tl currents in 
tile earth, thereby slowi11g down tho earth':,; axial rotation and leugthcniug- the earth-day. By the 

··-···--·-----·--·---·--·-------------------------------
• Iuid., Etl. 1883, ~\I 810, 8·18. 
t Proc. lfoy. Soc., Vol. ·10, 1886, pp. 30:-l-315. 
t Phil. ~lag., Vol. GO (187!l), pp. 388--102. 
§Phil. :\lag., Vol. GO (1875), pp. 279-28·1, 388-402. 
Ii 8eo nmlt·r Laplace. 
~"On the bodily tides of vis.cons an1l 8emi-elastic spheroids, and on the ocean tideH npon a yielding nuclens," PP-

1-35. "On tho precession of a viscous spheroid, a11d on tho ro1110tc history of tho earth," pp. 447-538. "Problems 
connected with tho tides of a viscous spheroid," pp. &39-593. See Proc. Ro~·. i::oc., Vok 27 (1878), pp. 41!l-42·1; 28 
(1878-79), pp. 1!l4-l!J9. 

"'Phil. Trans., 1879, JIP· 15, 28. B. A. A. S. Report, 1882, pp. ·172--475. ttThomson and Tait, Nat. Phil., App. [G. a]. 
tt Also found in Thomson and Tait, Nat. Phil., App. [G. b], uncl in Enc. Brit., Art. "Tides." 
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principle just referred to this necessitates a retreating of the moon and so, by Kepler's third law, 
an increase in the length of the ''month." The length of the day will go on increasing until day 
and month shall become equal, ancl computation shows this day or month to be about two of our 
present months in length. The energy of the system will then be a minimum, for no tides or tidal 
friction can then exist. The earth-moon system will then be in stable equilibrium, and not in 
unstable equilibrium as it was when it possessed a maximum amount of energy. The energy 
curve of the diagrams already referred to, has orbital momenta as abscissm and axial momenta as 
ordinates. It has one real maximum and one real minimum correspondiug to the two critical 
periods already described. 

There is one stage in the evolution when the month has a maximum number of days. For 
the earth-moon system, as here considered, this number is 27, or about the present number. Iu the 
paper on the precession of the viscous spheroid (Phil. Trans. 1879), where account is taken of solar 
tidal friction and the obliquity of the ecliptic, this number is found to be 29. Oonsequently we 
have passed through the stage of the greatest number of days m the mouth, although the month 
now is really longer than ever before, owing to the increase in the length of the day. 

The tides in the moon, due to the earth's attraction, have already caused her day to be one 
month in length, and tides in the earth due to the sun must finally cause the earth to revolve upon 
its axis once in a year, whatever length the year may then have. 

A popular treatment of tidal evolution is given by Ball in a book entitled Time and Tide. 
Darwin's work upon the harmonic analysis has been largely in the nature of perfecting 

methods for its application. He drew up the reports of the Tidal Committee, which appear in 
the British Association Reports for the years 1883, 1884, 1885, and 188G. 

The report for 1883 is intended "to systematize the exposition of the theory of harmonic 
analysis, to complete the methods of reduction, and to explain the whole process." 

The report for 1886 contains, among other things, a method devised by Darwin for analyzing 
a short series of hourly ordinates, and a method of prediction; these were designed for the 
.Admiralty Manual, where they may also be found. 

His more extended .method of tidal prediction appears in the Philosophical Transactions for 
1891. 

He devised a method for the harmonic analysis of high and low waters, which is published 
in the Proceedings of the .Royal Society, Volume 48 (1890). 

A concise treatment of the subject of tides by Darwin is contained in the Encycloprodia 
Britannica, ninth edition. 

The brothers George and Horace Darwin have made a series of interesting· exveriments for 
a committee appointed by the British .Association on the measurements of the lunar disturbance 
of gravity, for the purpose of throwing some light on the elastic yielding (>f the earth. These 
are described in the Association Reports for 1881 and 1882; they are also briefly mentioned in 
Thomson and Tait's Natural Philosophy,§ 818'. 

Historical sketch of the harmonic analysis. . 
143. In the harmonic treatment it is supposed, as indicated by the name, that the tide at any 

given place consists of simple harmonic oscillations, whose periods and amplitudes remain 
constant-at least for a considerable time. It now seems almost as natural to adopt a series of 
periodic terms for the expression of the tide as for the '' eq nations" of the motions of the sun and 
moon. The reasons why tidal workers before Thomson (in about 1867) did not have recourse to 
such a series seem to be, 1st, the fact that upon the coasts of Europe, where the tides important to 
navigation were first carefully studied, the tide wave is almost wholly semidiurnal in its character; 
tllat is, the two high waters or the two low waters of a day are almost equal in every respeet, and 
so the phenomenon of rise and fall is comparatively simple; 2d, the custom of observing only the 
high and low waters (in many cases only the former) instead of the entire tidal curve; and, 3d, 
the idea that tidal work meant rough work, and so did not necessitate an elaborate scheme which, 
upon its face, seemed to involve more labor than did the less systematic methods. 

6584-30 
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Accordingly the tide was assumed to he composed of two simple waves, one due to the moon 
and one to the sun. Each had a variable amplitude and period due to the body's varying parallax 
and declination. The resultant tide was given (as now in the British Tide Tables) by means of a 
series of tables, based in part upon observations at the port, which generally had the hour of the 
moon's transit as one of their arguments. Predictions obtained by means of such tables usually 
made no distinction between the two tides of a day although we find the diurnal inequality 
described by Colepresse and Sturmy in the Philosophical Transactions for 1668, and Laplace had 
pointed out that it was due to oscillations of approximately daily periods. But at places where 
the diurnal inequality is large, the want of a systematic procedure became strongly felt. l"or, the 
greater the number of important inequalities in the tide, the greater the difficulty in disentangling 
them; and, moreover, a long series of observations becomes necessary. 

The foundations of the harmonic analysis were laid by Laplace. Por, he enunciated the 
principle of forced oscillations; he introduced tidal bodies having uniform motions; he showed 
how to develop the tide-producing potential into a series of periodic terms, and pointed out the 
more important harmonic constituents of the astronomical tide; he developed the method of least 
squares sufficiently far for making it applicable to the determination of the coefficients of a sine­
and-cosine function of an angle and its harmonics. But he did not attempt an analysis of 
equidistant ordinates based upon this knowledge, nor did he completely develop the tide-producing 
potential. 

Dr. Thomas Young suggested the importance of observing and analyzing the entire tidal 
curve, rather than the high and low waters merely. 

Airy showed that in shallow water the difference between the duration of fall and of rise is 
due to the presence of an oscillation having half the period of the tide wave. Moreover, he 
applied an harmonic analysis to the tide wave, thus determining, from day to day, the fundamental 
oscillation and its numerous harmonics. Bis method made use of the entire curve, and not the 
points of maxima and minima merely. 

144. In the year 1867 the British Association, upon the motion of Sir William 'l'homson, 
appointed a committee for the purpose of promoting the extension, improvement, and harmonic 
analysis of tidal observations. Thomson's statement to the other members of the committee, 
with some corrections and additions, is given in the British Association Report for 1868, and from 
this the following, including footnotes, is taken: 

The chief, it may be almost said the only, practical conclusion deducible from, or u.t least hitherto deduced 
from, the dynamical theory is, that the height of the water at any place may be expressed as the sum of a certain 
number of simple harmonic functions• of the time, of which the periods are known, being the periods of certain 
component.~ of the sun's and moon's motions. t Any such harmonic term will be called 11 tidal constituent, or 
sometimes, for brevity, :i tide. The expression for it in ordinary analytical notation is A cos nt + B sin nt; or R 
cos (11t - E), if A= R cos E, and Il = R sin F.j where t denotes time measured in any unit from any era, 11 the corre-

sponding angular velocity (a quantity such that 
2

;;[!- is the period oft.ho function), Rand Ethe amplitude and the 

epoch, and A and B coefficients immediately determined from obRervation by the proper harmonic analysis (which 
consists virtually in the method of least squares applied to deduce the most probable values of these coefficients 
from the observations). 

Tho chief tidal constituents in most localities, indeed in all localities where tho titles are comparatively well 
known, are those whose periods are twelve mean lunar hours, and twelve mean solar hours respectively. Those 
which probably stand next in importance are the tides whoso periods are approximatoly twenty-four hours. The 
former are called the lunar semidiurnal tide, and solar semidiurnal tide; the latter, the lmmr diurnal tide and the 
solar (liurnal tide.t There are, besides, the lunar fortnightly tide and the solar semiannual tide.§ The diurnal 
and the semidiurnal tides have inequalities depending on the eccontricity of tlrn moou'11 orbit round the earth, anti 
of the earth's round th" sun, and the semidiurnal have inequalities depending on the varying declinations of the two 
bodies. Each such inequality of any one of the chief tides may be regarded as a smaller superimpoHed tide of perioll 
approximately equal; producing, with the chief tide, a compound effect which corresponds precisely to the discord 
of two simple harmonic notes in music approximately in unison with one another. These constituents may· be 

"See Thomson and Tait's 'Natural Philosophy', §§ 53, 54. 
t See Laplace, 'Mccanique Celeste', liv. iv. § 16. Airy's 'Tides 1mtl Waves', § 585. 
t See Airy"s 'Tides and Waves', §§ 46, 4!!; or Thomson a1Jd Tait's 'Natural Philosophy', § 808. 
§See Ail·y's 'Tides and Waves', § 45, or Thomson and 'Tait's Natural Philosophy', § 808. 
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called for brcvit~· elliptic and <leclinatioual tides. 
same period, being. twenty-four mean solar hours. 

But two of the solar elliptic diurnal tides thus indicate<! have the 
Thns we ha\'e in all twenty-three tidal constituents: 

The lunar monthly and solar annual (elliptic). 
The lunar fortnightly and solar semiannual (rleclinational). 

The lunar and solar diurnal (declinational ). 

The lunar and solar scmirliurnal. 

'l'he lunar anrl solar elliptic diurnal. 

The lunar and solar elliptic semidiurnal. 

The lunar and solar declinational scmidiurnal. 

Coefficients oft in nrgumcnts. 
I,,unar. Bol:lr. 

2 <5 ·[i;r] 
2 2 <5 

4{ ~---26 
2 2 (y---6) 

r 
y-j- <)-r.T 

y - 6-\-"' 
7 I r ---- o - "' 

L r --- 3 u +"' 
4 { 2 y - <5 ----"' 

2y-30--j-r;r 
2 2 y 

17 
2 17 

{ yy 
2 1j 

2(y 11) 

{ 

}' . 17 
y - I/ 
y -- 1/ 
y -- 3 17 

{
2y-- 1/ 
2y-317 
2y 

Here y denotes the angnlnr velocity of the earth's rotation, nnd o, 17, G:J those of the moon's revolution round 
the earth, of tho earth's round thll sun, and of the progression of the llloon's perigee. The motion of the first point 
of Aries, and of the earth's perihelion, are neglecte<I. It is almost <·ertain that the slow t•ai·iation of the lunur 
declinatioual tides due to the retrogression of the nodes of the moon's orbit, may be dealt with with sufficient 
accuracy according to the e<1uilibri11111 mllthod; and the inequalities produced by the llerturbations of tlic moon's 
motion are probably instmsible. But each one of the twenty-three tides enumerat-0d above is certainly sensible on 
our coasts. And there are besides, as Laplace has shown, Yery Rensible ti<les depending on the fourth power of the 
moon's parallax,• tho investigation of which must lie inclnd0<l in t.lrn complete analysis now suggested, although 
for simplicity they have been left out of tho preceding schcdu!e. Tho amplitudo and tho epoch of each tidul 
constituent for any part of the st•a is to be determined by observation, and cannot be determined except by 
observation. nut it is to he remarked that tho period of 0110 of the lunar diurnal tides ugreos with that of one of 
the solar diurnal tides, being twenty-four sidereal hours; and that tho ll<'Tiod of one of tho somidinrnal lunar 
declinational tides agrees with that of one of tho semidinrnal solar declinational tides, being twelve sidereal honrs. 
Also that the angular velocities y -6 + G:J and y -<5- m aro so nearly equal, that observations through several 
years must be combined to distinguish tho two corresponding elliptic diurnal tides. Thus the whole number of 
constituents to be datcrmined by one year's observation is twenty. The forty constants specifying these twenty 
constituents are probably each determinable, with considerable accurucy, from tho data afforded in the course of a 
year by a good Helf-registering ti<lo-gauge, or from accurate personal observations taken at equal short intervals of 
time, hourly for instance. Each lnm1r deolinational tide varies from a minimum to a maximum, a.nd back to n. 
minimum, every nineteen years or thereabouts (tho period of revolution of the line of nodes of the moou's orbit). 
Observations continued for nineteen years will give the amount of this variation with considerable accuracy, and 
from it th~ proportion of tho effect duo to tho moon will be distinguished from that due to tho stm. It is probable 
that thus a somewhat accurate evaluation of the moon's muas may be arrived at. 

The methods of reduction hithllrto adopted, t after tho example set by Laplace and Lubbock, have consist-Od 
chiefly, or altogether, in averaging the heights and times of high water and low water in certain selected sets of 
!-\'rou1is. Laplace commenced in this way, as tho only one for whieh observations made before his time wore avail­
able. How strong tho tendency is to pay attention ohiotly or exclus~vely to tho times and heights of high u.nd low 
water, is indicated by the titleprinte<l at tho top of the sheets use<l b~' the Admiralty to receive the automatic roeord::i 
of the tide-gauges; for instance, "Diagram, showing time of high and low wator at Ra.msgate, traced by tho tido­
gange." Ono of tho chief practical objects of tidal investigation is, of course, to predict tho time aud height of 
high water; bnt this object is much more easily an<l accurately uttaine<l by tho lrnrmonic reduction of observations 
not eonfinod to high or low water. The best arrangement of observations is to make them at equi-distant intervals 
of time, and to observe simply the height of tho water at tho moment of obsen•at.ion irrespectively of the time of 
high or low water. This kind of observation will even be less laborious and less wasteful of time in practice th:1.n 
the Hystem of waiting for high or low water, and estimating by a troublesome interpolation the time of high water, 
from observations made from ten minntos to ton minutes, for some time preceding it and following it. The 
most complete system of observation is, of course, thnt of the self-registering tide-gauge which gives the height of 
the water-level above a fixed mark every instant. llnt direct observation and measurement would probably be more 
accm·ate than tho records of tho most perfect tido-~ange likely to be realized. 

In this paper the short-period tides treated are K, L, M, N, O, and S, each of which bas a 
fictitious moon dividing time into component days and hours. As the heights are read upon the 
mean solar or S hours, a factor (afterwards called the augmenting factor) slightly greater than 

------- - --- ---- ----·--· ------··- --------

[•The chief effect of this at any one station is a ter-di11rnal lunar t1<le, or ou<J whose perio<l is eight lunar hours. 
A probable indication of t.his 11as been obtained from the Hnmsgato tidal diagrams of 186·1 ] 

t See 'Directions for reducing tidal observations,' by Staff-Commander llurdwood, London, 1865, published by 
tho Admiralty; also Professor Haughton on tho' Solar und Lunar Diurnal Tides on tho Coast of Ireland,' 'l'runsactions 
of the Royal Irish Academy for April, 1854. 
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unity bas to be applied to all sums (or rather to the amplitudes or component amplitudes) except 
those in the S summations. The sums belonging to any component summation ate assumed to be 
capable of being represented by the Fourier series, 

A 0 + A 1 cos nt + A 2 cos 2 nt + 
+ B 1 sin nt + B2 sin 2 nt + 

+ A 8 cos 8 nt 
+ B8 sin 8 nt (301) 

The most probable values of these coefficients are found by Laplace's method of least squares. 
The tabular forms and rules given by Mr. Archibald Smith, and published by the Admiralty, to b11 uAecl for tho 

harmonic reduction of the deviation of ship's compasses, have been adopted 11111tatis 11iuta11dis, and have proved very 
oonvenient. 

In regard to eliminating the effects of other components, he says: 

The next step followed was to find corrections upon each summation for the influence of the tides determined 
by the other Hummations, these corrections, for a second approximation, being calculated on the supposition that 
the first approximate values of A1 , B,, Ao, &c., already found, are correct. 

Having called attention to the shallow-water components brought out from the year:s analysis 
at Ramsgate, he says: 

The shallow-water tides referred to above depend on the rise and fall of the tide, amounting to some sensible 
part of the whole depth of the water, or, which comes to the same, the 110rizontal velocity of tho water being sensi­
ble in compariRon with the velocity of }>ropagation of a long wave, through some considerable portion oJ'. tho sea 
which sensibly influences the tides at the point of observation. Helmholtz's explanation of compound sounds, 
according to which two sounds, each a simple harmonic, having 1111, 11t for their arguments, give rise, ifloucl enough, 
to sounds having for their argu!llents (111 + n) t, (m-11) t, suggests that the compound action of the solar and lunar 
semidiurnal ticles, must give rise to shallow-water tides whose arguments are 2 ( <5 -71) t and 2 (2y -17- 6) t. It is 
intended with the least possible delay to perform averagings with a view to determine these tides. The great 
influence of the British Channel, and the large extent of it through which the shallow-water condition specified 
above is fulfilled, makes it probable that the new tidal constituents now anticipated will be found sensible. 

In a supplementary report E. Roberts determines, simultaneously by successive approxima­
tions the coefficients of five long.period tides, viz.: monthly,• fortnightly ( declinational), fortnightly 
(synodical), annual, and semiannual. 

In the next report of the Tidal Committee, published in the British Association Report for 
1870, the additional components ~, µ, and r are included in tlie schedule. A test is made of the 
harmonic method upon the Karachi tide, wl!ich has large diurnal components. 

In the report for the committee, drawn up by Roberts and found in the British A;sociation 
Report for 1871, the components J, Q, R, and T have been added to those already mentioned. 

In the report found in the British Association Report for 1872, certain tides have the symbols 
2SM, MS, 3MS, 3SM assigned tl!em. A brief development of the tide potential is given. 

In the report of the Tidal Committee for the year 1876, drawn up by Thomson, are tables 
showing the relative magnitudes of the components according to the equilibrium theory. These 
are obtained by developing the tide-producing potential of the sun and moon into a series of sine 
or cosine terms whose arguments increase uniformly with the time. 

In this connection it should be noted that Ferrel gives, in the Coast Survey Report for 1868, a 
development of this potential, not into simple harmonic terms, but into a series of terms suitable 
for representing the inequalities in the high or low waters. In his Tidal Researches (1874) a 
harmonic development is also given. He naturally introduces lunar nodal components to account 
for the varying obliquity of the luuar orbit to the plane of the equator. Thomson dispenses 
with these by making the theoretical coefficients aud epochs slightly variable, in accordance with 
the longitude of the moon's node. This is justifiable because tidal components whose speeds are 
equal, or very nearly so, must preserve, very nearly, their (equilibrium) theoretical relations to 
each other, as the works of Laplace and Airy go to establish. In fact, the case would be the same 
for any reasonable law of fluid friction. 

In the Coast and Geodetic Survey Report for 1878, Ferrel gives some description of the 
harmonic analysis in general. Here he supplements the work on harmonic analy!:!is found in bis 
Tidal Researches by giving a number of schedules for the shallow-water components. These 

•I.e. monthly (elliptic) not monthly (declinational) as implied in this report; pointed out by Roberts ae etatecl 
in B. A. A. S. Report 1870, I, p. 121. 
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show how the amplitude, speed, argument, and epoch of a given component are related to like 
quantities of other components. He writes out elimination formulm for a series a year in length. 
He gives formulm and tables for the eftect of the lunar nodal components upon the amplitudes 
and epochs of the principal components having almost the same speeds. 

A report of a tidal committe1.1 consisting of Profs, G. H. Darwin and J. C. Adams, drawn up 
by the former and published in the British Association Report for 1883, gives a complete working 
manual of the system. The tide-producing potential is developed into a series of cosine terms as 
in §§ 38-44, Part II. The amplitudes and epochs as obtained from the analysis are to be so treated 
as to make the results from different years (at the same station) comparable with one another. 
'!'ables for this purpose accompany the report. Baird's Manual for Tidal Observations, 1886, gives 
more extensive tables, together with practical directions in carrying out the analysis. "Computa­
tion forms for the reduction of tidal observations" were prepared by Darwin and published in 1884 
These indicate how the hourly heights are to be copied for the different kinds of summation. They 
also show bow the partial or hourly sums are to be treated in the analysis. 

145. In the year 1885 L. P. Shidy, of the Coast and Geodetic Survey, devised a set of stencils, 
or perforated sheets, fully described in Part II, which has done away with the copying process at 
this office. 

In the Proceedings of the Royal Society, Volume 52 (1892), pages 345 et seq., Darwin describes 
a system of strips or scales for indicating how the various summations are to be made. He also 
mentions Dr. Borgen's tracing-paper sheets, which are substantially the stencils just referred 
to-the tracing paper being transparent answers the purpose of the holes cut through the stencil 
sheets. 

The 'l'homson harmonic analyzer and other mechanical aids to ·analysis and prediction are 
given in Parts II and III. 

At present the harmonic analysis is the working system in nearly all countries where tidal 
work is carried on. The published results are already extensive. We may here refer to some of 
the principal collections of harmonic constants: 
· Proceedings of the Hoyal Society of London, 1885, 1889, Reports of the Survey of India. 
Van der Stok's recent work entitled 'Vind and ·weather, Currents, and Tidal Streams in the East 
Indian Archipelago. Tide Tables and Heports of the United States Coast and Geodetic Survey. 

Note on Fourier series.-In connection with the problem of a vibrating string arbitrarily 
displaced, Daniel Bernoulli waR led, in about 1753, to the belief that its solution could be 
expressed in the form of a trigonometric series. Euler, D'Alembert, and Lagrange made use of 
such series, but failed to determine the coefficients by means of definite int~grals. This was done 
by Fourier in 1807 in a memoir presented to the French Academy. His treatment of trigonometric 
series, including the important fact that the function RO represented need not be continuous, may 
be found in his Theorie analytique de la Chaleur which appeared in 1822, and which constitutes 
the first volume of his works as recently edited by Darboux. Although such series came into 
general use, the question of their convergence was not definitely settled until 1829, when Dirichlet 
pointed out the conditions under which convergence would be assured.• 

•Seo Byer!~·, An Elementary Treatise on Fourier's Series and Spherical, Cylindrical, and Ellipsoidal Harmonics 
(1893), pp. 61, 268, 269. Fourier, <Euvros, Vol. I, Ava11t-P1·opos nnd p. 208, note. 
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[MA:S-UAI. OF Tirms.] 

PREFACE TO PART II. 

The object of Part II is to give a sufficient amount of instruction for enabling a person to 
make reliable observations upon the tides and to reduce them by the harmonic analysis. 

The system of analysis is that given by Darwin in his report to the British Association for 
the Advancement of Science at its Southport meeting (1883). The mathematical developments 
are chiefly those embraced in his report, and its notation has been generally followed. 

The tables appended to this part have been so numbered as to form a continuation of those 
appended to Part III, Appendix No. 7, Report for 18!:14. 

I have to acknowledge the assistance received from members of the 'ridal Division, in the 
way of suggestions, computations, and the preparation of tables. 

473 
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M.ANUAL OF TIDES-PAR'f II. TIDAL OBSEl~V ATION, EQUILIBRIUM THEOI~Y, 
AND HARMONIC ANALYSIS. 

lly ROLLIN A. HARi!!!!. 

CHAPTER I. 

OBSERVATION OF TIDES. 

1. Selection of sites for tidal stations. 
The selection of a site for the observation of tides depends upon the object in view. If a 

knowledge of the tides at a given point is required, then there is little or no choice in the matter; 
if, on the other hand, and this is usually the case, a station is to be selected which shall tolerably 
well represent a considerable area, the following desiderata may govern the selection : Ready 
communicatioi1 with the sea, deep water at low tides, shelter from storms, freedom from freshets, 
and non-proximity to the head of a bay or tidal river. At stations located along straits or upon 
islands, the tide is liable to be peculiar and so not representative for any considerable region. 

Freshets may ca,use great irregularities in the tide, particularly in mean water level.• Near 
the bead of a bay various shallow-water phenomena may occur; t also seiches in the lesser bays or 
coves.t Far up a tidal river the duration of rise may be several times less than the duration of fall; 
and the range of tide may be nearly obliterated.§ A wave cannot be propagated through a very 
narrow strait into a large body of water without losing its original form and altering its amplitude. 
For, there is no cause at work which will imQart to the particles of water sufficient velocity for 
supplying or taking away the volume of water necessary to maintain the wave form unchanged.II 
Waves coming around an island from different directions generally produce some kind of inter­
ference in certain localities.~1 

Where the water is deep, it is not likely that the type of tide change rapidly from point to 
point, although the shore may be cut up by bays, canals, and straits.0 

The selection of stations for the prediction of tides may be governed by considerations like 
the above. 

2. Staff gauges or tide staves. 
A tide staff (tide pole) is a graduated rod, usually made of wood, but sometimes. of metal. 

It is essential to any series of tidal observations, whether the tides are observed directly upon it or 
not. It should be carefully divided into feet and tenths, by aid of a steel tape or otherwise, and 
fixed in a truly vertical positio11: to some object affording a steady and permanent support; for 
example, to a solid wall 01· pile. Its zero should be set below the lowest low water likely to occur, 
and its length should be more than sufficient for measuring the height of the highest tides kuown 
at the statiou.tt Where the beach slopes very gently, or where there are great changes in 

---------·-··-· ·-------- -
• E. g., the lower MisRissippi; the Deluware. 
t E.g., at Providence, R. I., there are double-headed tides. At the heads of the arms Petit-Coudiac and Avou, 

Bay of Fundy, bores sometimes occur. 
t E. g., Bristol, R. I.; Karwnr and Beyporc, India. 
~ E. g., Rivers Adour, Dordogne, Garonne, Cho.rente, Loire, n.nd Seine, of Fm.nee; also Cape Fear River, North 

Carolina. 
II E.g., Strait of Gibraltar; the East River, New York. 
11E.5., ea~t of Ireland, and Nantucket Island, Massachusetts. 
~•E.g., southern portion of Alaska. 
tt Sometimes tho graduations increase dowu ward, the zero being a fixed point above the surface of the water; 

e.g., Airy, Phil. Tin.us., 1842, p. 1. · 
477 
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level, as in rivers, several staves may be required for obtaining all readings. They should, of 
course, be so set, by means of levels, as to virtually constitute a single staff. If made of wood, 
the staff should be an inch or more in thickness and four or more in width-say not less than ;/-6 
part of its length. To prevent the staff from becoming coated and hard to read, it is sometimes 
well to provide a ready means of removing the same from its support when not in actual use. 
This is easily done by leaving such small projections aud definite marks upon the support as ''.:ill 
enable one to readily return the staff to the same position whenever it is to be read. Metal 
staves, coated with porcelain, are more durable than those made of wood, aud do not require 
removing from their supports when not in use. 

Bench marlcs.-In order to detect any settling or rising in the support of a tide staff, and to 
enable a person to recover the plane of reference at any future time, several tidal bench marks of 
a permanent character and situated at various distances from the staff should be established. 
These marks usually consist of the bottoms of holes drilled into rocks; projections or markings 
upon rocks or walls; a certain portion of a step, door, or window sill: in the absence of such 
objects, a buried stone, or a deeply driven stake, pile, or iron pipe may be used. All bench marks 
should be carefully described (usually by aid of diagrams) for identification. The zero of the staff 
should be referred to the bench marks by sets of levels run from time to time while tidal observa­
tions are in progress. Ordinarily the levels should be reliable to about rto of a foot. 

Tidal bench marks should, whenever feasible, be connected with transcontinental and other 
long lines of levels. It is particularly desirable to have all tidal stations which are located upon 
the same body of water accurately connected with one another in order that all heights may 
eventually be referred to a common datum. 

Direction.~ for ob.~erving.-The staff and bench marks established, the observer should read the 
height of the tide at even intervals of time. Readings at the exact hours throughout the twenty. 
four hours of each day are preferable for most purposes. The kind of time used is immaterial, 
provided that it be the same throughout the series of observations. It should always be specified 
iu the record. In making such observations it is of importance to know the time to within about 
one minute. In high and low water observations readings should be made every ten minutes, say, 
for about forty minutes before to forty minutes after each of the four tides of the day. For 
tides of large range, less than forty minutes will st'l.filce, while for tides of small range more time 
will be required. 

In reading a height upon the stafl~ unless the surface of the water be perfectly smooth, note 
a point midway between the crest and trough of the waves. A glass tube, partially closed at the 
ends by notched corks, and held alongside the staff, will facilitate making these readings; or glass 
tubing may be fastened alongside the stafl: In either case the opening in the lower end should 
not be too large. A small floating body will be found serviceable in marking the surface of the 
water, or a few enclosed drops of coloted oil may be dropped into t.he tube. 

3. BoJJ gauges. 
A box gauge consists of a long vertical box inclosing a float which rises and falls with the 

tide. By this arrangement observations may be made when the sea is comparatively rough. The 
bottom of this box may be pointed or funnel-shaped or, for ease of construction, simply slanted, 
with a small opening at the lowest part, in order to prevent the accumulation of mud or sand. 
Besides this, other openings should be made near ·uie lower end of the box. These should be 
provided with slides for closing such a number of them as will give steady motion to the fl.oat 
without causing the level of the confined colnmn of water to differ sensibly from the mean level 
of the water surface on the outside. 'fhe area of the holes left open should usually be between 
¥-liu and 1-fi-u- of the cross.section of tbe fl.oat box, and the lower end of the hox should be several 
feet below the lowest low water. Of course the farther the box extends below the surface of the 
water the larger may be the openings, as the amplitudes of wind waves decrease rapidly in going 
downward. (See Fig. 2, Part I.) In some cases the float carries a vertical rod which may itself 
be graduated,• or it may simply point to graduations upon a fixed scale; t in other cases the fl.oat 
is attached to a wire or varnished cord which passes over on" or more pulleys, moves an index: 

•United States Coast Survey Reports, 1854, pp. 190, 191; and 1876, p. 131. 
t Baird's Manual for Tidal Observations, p. 5. Phil. Trane., 1893, pp. 55, 56. 
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along a graduated scale,• or rotates a drum carrying a pointer,t and terminates in a counterpoise; 
in still other cases the cord is replaced by a flexible tape upon which graduations are made.t 
Various combinations and modifications of these styles readily suggest themselves.§ 

A simple staff gauge should always be located near a box gauge, and the readings of tbe two 
should he frequently compared: for, it is obvious that the line of flotation may in time become 
altered; or the access of water may be clogged by sand or marine growths, 80 that the box gauge 
does not give the true raug·e of tide. In such gauges as have a graduated vertical rod or tape 
attached to the float, the reading point-i. e., the point of the float box opposite which the movable 
graduatefl rod or tape is read-should be referred to a bench mark 011 the shore. The vertical dis­
tance of the line of flotation from the zero of the rod or tape should be ascertained and given in 
the description of the gauge. When the grad nations are upon a fixed vertical rod or the float box 
itself, oue of these graduations should be referred to bench mark. '.L'he distance of the movable 
pointer above the line of flotation should be given. The obvious rule covering· all cases, e\Ten 
when the graduations are upon a horizontal or oblique scale, is: 111easure the vertical distance 
from the bench mark to the water, at the same instant noting the reading of the gauge. The difference 
between the two values should remain constant. Such reference will detect variations in the 
working of the gauge, and enable one to recover the plane of reference determined from the series 
of observations, if such plane should be required in the future. 

4. Other non-self-1·egistering ga11ges. 
A siphon gauge consists of a box gauge upon the shore communicating with the off-shore 

water by means of a pipe laid along the bottom forming a siphon.II While observations are in 
progress, care must be taken that all air in the highest part of the siphon be frequently expelled; 
otherwise the flow in the pipe will be decreased. This may be accomplished by there inserting a 
stopcock to be opened at high water or whenever the surfac!:' of the water is above it. A closed 
standpipe or other vessel, preferably of glass, attached to the highest point and filled with water, 
will serve as a reservoir for the accumulated air. The advantage of this arrangement is that it 
needs filling with water only occasionally, because the accumulated air does not then immediately 
decrease the cross-section of the pipe.,-r 

A pressure gauge n is an instrument, somewhat analogous to a barometer, for measuring the 
pressure of the water at the bottom of a harbor, in order to ascertain the depths of water and so 
the height of the tide. The pressure, when the depths are not too great, may be exerted upon a 
bag filled with air which communicates by means of a hose with a manomet-0r located on board 
a vessel or on the shore. Such gauges have heretofore generally proved unsatisfactory for long­
continued records, owing to the difficulty of preventing sand or shellfish from increasing the 
normal pressure of the water. tt 

Thomson's depth recorder, which indicates depths by the compression of air, can be used for 
measuring the tides in very deep watei:. 

A spar gauge H consists of a long spar bolted at the foot with a universal joint to a block or 
stone, having attached to the portion above the surface of the water an arc of a circle over which 
passes a plummet line which indicates the inclination of the spar to the vertical. The gradua­
tions upon the spar and this angle of inclination give, by aid of a table of sines, the depth of the 
water at any time. This gauge may be used for off-shore observations and where the current is 
strong. Owing to changes which are likely to occur in the Rea bottom, the readings of this gauge 
should be frequently referred to a bench mark upon the shore. 

- United States Const and Geodetic Survey Dnlletiu No. 12 (1889), p. 143. 
tZeitschrift filr lnstrumenteukunde, Vol. IV (1884), p. 439. 
t United States Const Survey Report, 1857, }lp. 402, 403; 1876, p. 131. 
§Phil. Trans., 1831, pp. 174, 175. United States Coe.st Surve~· Report, 1876, p. 131. 
II United States Coast and Geodetic Survey Bulletin No. 12 (1889), pp. 143-146. Baird's Manual for Tidal 

Observations, pp. 3-6. 
~Cf. Church, Mechanics of Engineering, p. 736; Trautwine, The Civil Engineer's Pocket-llook, 16th. ed., Art. 

"Syphon"; Knight, American Meohanicnl Dictioua;y, Art., "Siphon." 
*"United States Const Survey Re11ort1 1858, pp. 247, 248. This gauge ns used nt Boston was supplied with 

glycerine instead of a.ir; it was connected with n self-registering apparatus. See nu article entitled "Description 
of a tide gauge for cold climutes," by John M. Ba.tchcl!ler, Am. Jour. Soi. und Arts, Vol. 2 (1871), pp. 67, 68. 

tt Thomson, l'opular Lectures nnd Addresses, Vol. III, p. 54. 
ti United Stntes Const Survey Ueport, 1857, pp. 403, 404. 



480 UNITED STATES COAST AND GEODETIC SURVEY. 

A tripod or pulley gauge, sometimes used where observations are made upon ice rismg and 
falling with the tide, has a flexible cord made fast to an anchor on the bottom, and which, passing 
over a pulley directly above, terminates in a counterpoise. The heights may be indicated by the 
movement of the counterpoise over a graduated scale; or by the number of revolutions of the 
pulley•, or by a graduated scale securely fastened to the vertical portion of the rope . 

.AUTOMATIC OR SELF-REGISTERING '.l'IDE GAUGES. 

5. The object of these gauges is to trace a curve, or leave some other record, which will enable 
one to readily find the height of the sea corresponding to any given instant of time covered by 
the period of observation. 

Many forms have been proposed or constructed from time to time; most of them, however, 
more or less resemble the one described by Henry R. Palmer in 1831,t which is probably the first 
self-registering tide gauge ever constructed. The essential parts of any form may be said to be, 
(1) a fl.oat and box similar to those employed in a box gauge, (2) a time piece, and (3) some means 
of recording the height, either in a continuous manner or at short discrete intervals of time. 

Usually the motion of the float as it rises and falls with the tide is communicated to the 
recording portion of the gauge by means of a flexible cord which passes over a grooved wheel 
called a float wheel. t Thence the motion is transferred, but usually on a reduced scale, through 
some mechanism depending upon the particular kind of gauge, to a pencil which traces a curv.e 
upon a moving sheet of paper. The paper is driven or carried along by means of a cylinder 
connected with a well-regulated clock. The pencil is free to move in a direction perpendicular to 
the line of motion of the paper. In some gauges the paper used is in the form of a long baud, 
and usually of sufficient length for containing a month's record; it is paid out from one cylinder, 
passes over a second upon which the tracing pencil rests, and is received upon a third. In others 
there is but one cylinder and this usually revolves once in twenty-four hours. For gauges of this 
kind, the sheet of paper is first dampened with a wet sponge or cloth, then wrapped about the 
cylinder and its edge pasted down; when dry it will so bug the roller as not to slip. In some 
cases it is made fast with rubber bands. One or several days' record are made upon each sheet; 
but care must be taken to change the sheet before the record becomes confused by many tracings. 

In order to keep the float cord and the bands of paper taut, it is necessary to have some 
arrangement for counterpoising; either weights or springs may be used for this purpose.§ 
----- ------------------------------------------

•Smithsonian Contributions to Knowledge, Vol. 13 (1863), pp. 1, 2. 
t Phil. Trans., 1831, pp. 209-213. 
t Tho word "cord" II1a.y be used as a general term including wire, tape, chain, etc. In many forms of gango a 

rack-and-pinion takes the place of cord and tloat wheel. 
§For description of several self-registering gauges, the following roforenceH may be consulted: 
"Description of the self-registering tide-gauge arranged for the Coast Survey," by Joseph Saxton; United 

States Coast Survey Report, 1853, pp. 94-96. 
"l\lothods of registering tidal observations,'' by H. S. Avery; ibid., 18iG, pp. 130-1'12. 
"The self-registering tide-gauge;" Baird's Manual for Tidal Obsorvatiom1, J>p. 10-14. 
(Thomson's gauge); Minutes of Proceedings of the Institution of Civil Engineers (London), Vol. 65 (1881), pp. 

2-10. 
"Notes relating to self-registering tide-gauges as used by the United States Coast and Geo<let'..c Survey," by 

J. F. Pratt; Report, 1897, App. No. 7. 
"Ueber einen elcktrisch registrirenden Flnthmesser dcr Telegraphen-Bauanstalt von Siemens & Halske"; 

Zeitschrift fiir Instrumentenkunde, Vol. IV (1884), pp. 95-99. 
"Registrirender Fluthmesser" CF. R. Reitz's); ibid., Vol. V (1885), pp. 165-168. · 
"Ueber Fluthmesser,'' by Prof. Eugen Gelcich; ibid., Vol. VI (1886), pp. 86-89. 
"Der selbstregistrirende Pegel zu Travenmiinde," by Prof. W. Seibt; ibid., Vol. VII (1887), pp. 7-14. 
"Der selbstregistrirenile Fluthmceser von R. Fuess;" ibid., Vol. VII (1887), pp. 243-246; Engineering Nows, 

.July 28, 1888. 
"Der selbthiitige Universalpegel zu Swinemiinde, System Seibt-Fuess;" ibid., Vol. XI (1891), pp. 351-365; also 

ibid., Vol. XIV (1894),pp. 41-45; ibid., Vol. XV (1895), pp. 193-203. 
"Neucr Mareograph," by L. Fane; ibid., Vol. XII (1892);pp. 171, 172, This is a self registering pressure gauge 

described in the Journal de Physique, II, Vol. 10, p. 404. 
Other references may bo found in the index of Zeitschrift fiir Instrumentenkunde under the heads "Waaser­

stamlsanzeiger," "Fluthmesser," a.nd "Pegel." 
It may be added that several designs for new tide gauges, also for attachments and improvements to older 

forms, are on tile at the office of this Survey. 
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6. Fig. 1, taken from the Coast Sun·ey Report for 1853, shows a three-roller gauge desig1wd 
by Joseph Saxton. 

F denotes the float, W the float wheel, P the tracing pencil, and C t11e clock. The paper is paid 
out from the roller R, is pulled forward by means of pin points in the cylinder R2 which is drin>n 
by the clock, passes under R3 'wbich pressing down upon it enables the points to puncture tlie 
sheet, and is fina1Iy received upon R4. E, E', E", E"' denote various counterpoises. 

/~l 
"/: 
I: 
I: 
tf 
f I 
! 

1''10. 2.-Avery'• one-rollor ti<lo gauge. 

This gauge was used by the Survey for many years, the most important change ma1le being 
the substitution by R. S. Avery of a balance clock for a pendulum clock. This change was neces­
sitated because of the shocks of the waves against the supports of the tide house when in an 
expo11ed location. 

Several other improvemeuts were made by Avery. One was the putting of band wheels at 
6584-31 
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the ends of R, R2, R4, so that Rand R 4 conld be moved by R 2 by means of an endless band. This 
necessitated some means for keeping the paper taut and at the proper tension, which was accom­
plished by allowing the cores of R and W to revolve with some friction in their cylinders. The 
friction was produced by friction plates which could be adjusted at will. Another improvement 
was in the mode of clamping the clock to the cylinder. 

Fig. 2 shows a one-roller •gauge devise1l by Avery and described in the Coast Survey Report 
for 1876. 

7. Figs. 3 and 4 s}low a form of gauge now constructed in the Instrument Division of the 
Survey. 

This is a three-roller gauge capable of receiving one month's record without change of paper. 
The float wheel has a spiral groove in its periphery so that the float wire, having been made fast 
at a given point, may be wound around it a number of times without causing any crossing or piling 
up. A shoulder of the float wheel has a si111ilar spiral groove for the wire or- cord of the float 
counterpoise. The float wheel communicates motion to the recording pencil by means of a coarse 
screw working in a nut. The float-wheel end of the screw rests upon ball bearings; this secures 
accuracy as well as ease of working. The recording pencil can be accurately set at any distance 
from the base line by loosening the tloat wheel from the coarse screw and rotating the latter, thus 
driving the nut and pencil. 

An attachment is provided for marking the exact hours upon the sheet. This result is 
accompJished by making use of an additional clock, and adapting its striking apparatus to the 
sudden movement of the recording pencil each hour. 

The paper is kept taut by means of' a spring pressing against the roller from which the paper 
is paid out, and a weight attached to the receiving roller. The distance between the flanges of 
the rollers, that is,• the width of the sheet, is thirteen inches. 

8, For special purposes many attachments or additions have been devised. Of the:se may be 
mentioned intef}rators, indicators, time-marking and printing attachments. In the more recent 
gauges, electricity often plays an important part. 

An integrator is an arra11gement for ~ontinuously summing the heiglits of' the i;ea for the 
purpose of finding mean sea level. One form of i11tegrator may be described thus:• The cylinder 
upon which the curve is traced has attached to one end' of' its axle a smooth disk. A small 
friction wheel with sharp edge has its plane perpendicular to the plane of the disk, and its axis 
in the same plane as the axis of the cylinder. This small wheel moves across the face of the disk 
as the recording pencil moves across the recording sheet. The friction between thi,s di:sk and the 
small wheel causes the latter t-0 rotate. When the phase of the tide is at about mean sea level, 
the edge of the wheel should be set at the center of the disk; then for phases higher than this, it 
will rotate in one direction; and for lower phases, in the opposite direction. The resulting· number 
of rotations is ascertained by additional wheelwork. 'rhis 11umber divided by a qua11tity 
proportional to the Ieng-th of the period covered by the observations, will show how much the 
observed mean sea level differs from the one assumed. 

Another form of integratol' t consists essentially of a pendulum whose variable length is 
dependent upon the height of the sea for the particular instant. A cam connected with the float 
wheel alters this length in a suitable manner, while a clockwork registers the entire number of 
beats. 

An indicator is either an independent instrument or an attachment to a tide gauge, which 
shows upon a large dial, or otherwise, the height of the sea at any given instant. The indicator 
may stand close to the float box and have a mechanical connection therewith; or, it may be located 
ma11y miles distant and have an electric conuection. A broa1l and clearly-painted tiµe staff, 
situated in a conspicuous place, constitutes a.n indicator of the simplest form.t 

• "HegiMtrire;1der Fluthrnesser" (F. R. Heitz's) Zeitschrift fiir Im1trumentenkm1de, Vol. V (1885), pp. 165-168. 
t "Dor selbthiitige Universalpegel zu SwinemUnde, System Seiut-Fuess;" Zeitschrift fiir lnHtrumeuteukunde, 

Vol. XI (1891), pp. 351-365. 
; For descriptions and oxamples of indicators the following roforeuees may be consulted: 
"Tho tide indicator at Ronen;" Scientific Amorican Supploment, September 23 (1893), p. 14785. 
"Tidal indicator, New York Harbor;" Scientific American, March 3 (1894), p.133. Coast and Goodetic Survey, 
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The Coast and Geodetic Survey has. recently eDecte<l two tidal indicators, one at Fort 
Hamilton, N. Y., and one at Reedy Isl·and, Delaware River. The latter, shown in Fig; 5, has a 
face thirty feet in diameter. It is proposed to erect a similar indicator at Presidio, Cah 

In these .indicators the rise and fall of the tide is communicated to a large fioat wheel carrying 
a pointer., by means of a flexible wire cord. Th<" float wheel is so counterpoised as to keep this 
cord constantly taut. The end of the pointer moves along a semicircle whose divisions represent 
foet and half feet of rise· and fall, the zero denoting the position of the pointer when the tide is at 
the plane of ~ean low water. The a.rrow bead has its two barbs so hinged as to enable it to point 
either upward or downward. The upward pointing indicates a rising tide, the downward, a falling. 

Fm. 5.-Tidal indicator, Dolnwnre Riv r, Delaware. 

At the time showu in the .figure, the tide is l il; feet above mea.u low water and is still fa.lling, as 
indicated by pointing of tqe arrow. 

Each triangular barb of the arrow head rotates about a point irnar its obtuse angle when a 
reversal takes place. The power accomplishing this comes from the float and is communicated to 
a lever by causiug tile float cord to pass between a group of three pulleys, thus giving ri e to some 

"Notice to mariners" No.177. Harpers Weekly, Vol. 38 (189·1)1 1). 96. United States Coast and Geodetic Survey 
Report (1893), pp. 27, 28. 

A. similar indicator is l ocatecl at Reecly Island, near Philadelphia. "Notice to mariners" No. 202. 
"Elekkischer Tiefwasserstandsmeaser mit Z1fforblatt" (A. Grnbi6's) ; Zeitschrift fiir Instrumentenkunde, Vol. 

IV( 1884), p. 1139. 
"Elektrischer Wnssorstaudsauzeiger" (A. Hempel's); ibid ., Vol. VIIJ (1888), p. 224 . 
"Elektrischer Wasserstnndsanzeiger mit Registrirrnrrichtung,11 by W . E. Fein; ibid.,Vol. IX (1889), pp . 338-343. 
"Der solbthiitige Univorsalpegel zu Swinemiinde, SysteID Seibt· F uess;" ibid., Vol. XI (1891)1 pp. 351-365. 
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small amount of friction. The lever actuates a vertical rod in the shaft of the arrow, so to speak, 
aud this in turn actuates an arm or projection attached to each barb. From the figure it is evident 
that the barbs are of sufficient size to require counterpoising in order that as little work as possible 
may be required of the float. 

The object of time-marking attachments is to indicate upon the record sheet the exact hour as 
given by a clock, either near or distant, iu order to avoid errors which might result from using 
hour marks made by point'! fixed upon the cyliuder. The gauge of l\lr. Palmer, already referrt'<l 
to, marked the positions of the hours by means of a punch actuated by a toothed wheel. The 
figure was in the form of an arrow whose direction was always that of the wind-vane above the 
tide hom1e. A cross-mark showed the exact position of the arrow to be taken as the hour mark. 

Since the invention of the electric telegraph, the principle of 11aving a clock make (or break) 
a circuit has been at the foundation of nearly all schemes for the transference of a particular 
instant of time, whether for astronomical or other purposes. In this way it is easy to liave one 
standard clock mark the exact bours upon several gauges simultaneously.• 

'l'he time-marking attachment now used upon the gauges belonging to this survey, and shown 
in Figs. 3, 4, causes the pencil 'vhich traces the tidal curve to 1;mddenly move back and fortli, thus 
dawing a short horizontal mark from the curve at each exact hour. The advantage of horizontal 
marks over vertical ones hi that the hourly heights can be more easily read from the sheet. Some 
gauges cause hour marks to be made at both edges of the sheet, thus precluding such error as may 
arise from slanting the height scale when the sheet is being read. 

Printing attachments are designed for the purpose of saving time in the reading of a tidal 
record. One form leaves a record consisting of two rows of printed figures, the 011e being the 
hours of the <lay uniformly distributed, and so easily made; the other, the heights of the sea at 
the exact hours, or at certain fractions of hours. t 

For ascertai11ing the meteorological effects upon the tides and the condition or density of the 
water, the following auxiliary instruments may be prodded: A self-registering aneroid lmro111eter, 
a mercurial barometer for checking the aneroid, a self-registering anemometer, a thermometer, m11l 
a densimeter or salimeter. 

Establi8hmez1t mul care of a sel;:registering tide gauge; also the reading of the record. 
!l. A small house or closed shed must be provided for sheltering the registering portion ·of 

the gauge. With the most common forms of automatic gauges this house must be located upon a 
wharf or other staging directly over the float box; hut some forms have been devised in wliich the 
recording portion of the gauge may be placed wherever convenient. When a special house has to 
be constructed, it should be large enough to afford room to get at the registering part of the gauge, 
and be provided with a window for light and ventilation. The site of the gauge should be so 
selected as to afford as much protection from violent storm waves as possible, while at the Rame 
time not so far removed from the port for which the tidal observations are wautl>d as to introduce 
any material alteration in the time or range of the tide. The location should be reaso1mbly 
accessible, and the structure upon which a gauge is placed should be as firm as is r.racticabl<'. 
The siphon arrangement already described will be found to be very serviceable where de<>p water 
lies far out from the shore line.t 

. In setting up the gauge, care must be taken to have it properly leveled in order that all parts 
ma.y work freely. The float box should be vertical and the float suspended in its center. The 
statements made in § 3 concerning the size of the openings apply here fairly well. The scale tn 
be used can be decided upon as soon as the range of tide at the place is approximately k11ow11. 

·--.. ·--------·---------------
•Some references to time-marking attachments: 
"Elektrischer Wasserstundsanzeiger mit Registrirvorrichtung," by 'V. E. Fein; '?:eitscbrift filr I1111trurnent.,11-

kumle, Vol. IX, (1889), pp. 338-343. 
"Der selbtbiitige Universulpegel zn Swincmlinde, System Seibt-Fuess;" ibid., Yo!. XI (1891), pp. 351-365. 
"Der kurvenzeicbnende Kontrolpegel, System Seibt-Fuess," by 'Vm. S"ibt; ibid., Vol. XIV ( 18!!4 ), pp. 41-45. 
"Notes relo.ting to self-registering tide gauges as used by the United States Coast und Geodetic Survey," by 

J. F. Pratt; report (1897), App. No. 7. 
t "Ueber cinen elektrisch registrirendcn Fluthmesser dcr Telegraphen-Banunstalt von Siemens & llalske;" 

Joe. cit. ante. 
1 Cf. Ilaird, Manual for Tidal Observations, pp. !!-1. 
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The zero of the gauge (i. e., the position of the tracing pencil) can be approximately fixed by 
noting a reading of the water upon the tide staff. A closer approximation is afterwards made in 
the manner described beyond. 

An automatic tide gauge of any sort is sometimes called a marif!raph, and the record pro­
duced by it a marigram; these names can be readily disting-nhihed as to their application by the 
more common words "telegraph," the instrument, and "telegTam," the message sent. 

Jn some forms of rnarigraphs there is a row of steel pins at each end of a cylinder which make 
small perforations in the paper, the distance between them indicating hours or half hours of time. 
After putting the paper on such gauges, and before counectiug witll tlle clock, draw a stra.igllt 
line between tho pins at opposite ends of the cylinder, place the recording pencil upon this line, 
and then when it is an exact hour (or half hour, if the pins are elose enough to measure that inter­
val of time) connect the driving clock with tlle appamtns, and note the time along the ruled line. 

In other forms of gauges the llour lines and their numbers are previously marked upon the 
edge of the cylinder, or upon profile paper stretched around it; but care must be taken in starting 
to make the record and actual time agree. 

In tlle most improved forms of gauge the hours are marked upon the paper by a special clock, 
or by the driving clock itself, using either electrical or mechanical means. l 11 sucll gauges there 
is no need of starting the record at any whole hour or half hour. 

On the blank paper, at the beginning and end of each marigram, a note, similar to tllat below, 
should be written and filled out: 

Station.--·---··---·---- .... --···----- ....•....... ---· .•.• ---- .... ---··--·---· ........ ---- ....... . 
Latitude_ .. ---- .... ------·_ .•.. ·--- ............. __ . Longitmle .•..•....... __ ... ____ ..... ---- ..• _ .. 
The time used is ...... __ ---- .................. ---· ........ ---- ...• ·--- .. __ . ____ ._._ .............. . 
'l'i<lal record from ... ___ .... ____ .. ___ . __ .. __ • _____________ .. ___ to ____ . __ .. ___ . _ ..... _. ___ . _ . _ .... __ 

l\Iarigram :\o ...••.•........ :\larigrnph No. --· ---- ---· ••.• -·-- -·-· .... Scnlti .... ··-- ............. . 
Olisl!r1·er. ·--- ·-·- ---· .... ---- ............ ·----- ·----· ...•.....•.....•.....•.............. -··· ... . 

In connection with every marigrapll there should be a fixed tide staff, in order to have a check 
upon the working of the apparatus; and the n•adi11gs of this ib:ed staff, called staff readings, 
together with the times of making them, must be recorded on the marigrarn. The best time for 
taking a staff reading is generally at or near the time of high or low water, because the height of 
the water surface then changes slowly; but it is also desirable tllat several staff readings be made, 
at least once a montll, when the water is about at its mean level, on both a rising and a falling tide, 
in order to show that the gauge is working freely and accurately. A g-611eral form for making such 
entries upou the marigram is as follows, the whole beiug connected, by means of an arrow or 
other device, with the exact position of the recording pencil of the gauge at the time: 

Monday, Dec. :J1, 18.96, 91t 35111 A. Jlf. } 
Unll!fe clock correct. StaJf 6 .. U j~. 

Such a note should be made at the beginning and end of each slleet or roll of paper, without 
regard to the pha,se of the tide. 

·when there is a. time-marking attachment to the gauge, time comparisons shonl<l be made at 
the instant wheu the hour mark is made. Then a note like the following may be used: 

P. ill. lVed., Sep. t. 25, 18.95} 
Correct time, 1:59 

Clock .~et r·ight 
At 2:01, sta.ff read.~ 6JJ.J. 

By cloek is here meant the clock which makes the hour marks, and the above 11ote implies 
that this cluck made the:.>, o'clock hour mark 1 minute too soon. 

If tlle hour marks are made by means of electric connections with a standard timepiece, 110 

such time comparison is neeessary. 
Wbe11ever anything unusual happens to the record, such as dh•turbances caused by great 

stor111s, or a stoppage of the gauge, an explanatory statement shoulcl be written upon the mari· 
gram. In fact, a marigram should be a complete record in itself, as notes made elsewhere are 
liable to become peunaneutly separated from ii. 
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A graduated piece of paper, wood, metal, glass, or other material, called a height scale, is 
used for reading the marigram. This scale shows the relation between the marigram and nature; 
for instance, a scale of one-tenth means that a variation of 10 inches in the height of the water 
surface is indicated by an inch of change on the record; and with such a scale 1·2 inches on the 
marigram corresponds to a foot on the fixed staff. Gauges can be made to work upon any desir(•d 
scale, according to the range of tide at the place; but while it is desirable that the scale used 
sliouhl be as near as possible to nature,' the average curve produced ought not to occupy much 
more than one· half of the paper, for unexpected variations of surface level are sure to occur, and 
these are oftentimes matters of much interest. 

Upon starting the gauge care should be taken to so adjust the pencil that half-tide level will 
fall as nearly as possible in the middle of the record paper. In order to make scale readings it is 
necessary to have some datum line upon the marigram; the zero of the scale is often placed upon 
the line of punctures made in the paper by the row of steel pins for marking time, or preferably 
upon a line traced by a stationary pencil. When the gauge is first started this datum line may 
be placed anywhere, and arbitrarily called such a division of tlle scale as will insure positive read­
ings for the curve, but after sufficient record has been obtained to properly determine the relation 
between such assumed datum line and the fixed staff, it is desirable to so change the datum as to 
make the scale and staff readings agree as closely as possible. 

In the manufacture of marigraphs it frequently happens that mechanical difficulties prevent 
the obtaining of the exact scale desired, and hence with a new machine one must always find 
out from the record itself what its working scale really is. 

1 O. True scale of a marigraph. 
The true or working scale of the tide gauge is ascertained by comparing the staff readings 

with the readings of the curve corresponding to these times. The sum of the staff readings near 
high water, less the sum of a like number of staff readings near low water, gives, when dividt.>d 
by this number, a certain range of observed tide. Treating the corresponding scale readings in 
the same manner, a certain range of recorded tide is obtained. The ratio of these two ranges 
shows how much the true or working scale of the tide gauge differs from the assumed scale u;;e1l 
in reading the curve. For instance, the sum of the three observed ranges in the fourth column in 
the example below is 9·7 feet, while the sum of the corresponding scale ranges in the seventh 
column is 9·9 • 

. ·. 9·7 79·9=0·fl80; and, since the assumed scale is 10, the working scale is 0·980X10=9·80. 
Having thus found that scale heights (by assumed scale of 10) must be multiplied by 0•980 in 

order to give true heights from base line or scale datum, we multiply 26•5 by it, thus obtaining 
2o·Ofeet. Subtracting 26·0 feet from the corresponding staff heights, we obtain -3·3 feet. Since 6 
heights are taken, this must lJe divided by 6, giving -0·55 feet, which the staff will read when tlle 
tracing pencil crosses the base line. Or, if we construct a scale of !>·8, i. e., a scale such that one 
unit of the scale = 9~8 foot, then it should have its division -0·55 marked as the one to be applied 
to the base line of the marigram in making all height readings. 

The following metllod amounts to giving larger individual ranges greater weights in tl10 
determination than is given to the smaller ranges, and so is applicable where the diurnal 
inequality is large or where a more elaborate determination may be desired. The notation 
employed is of a temporary nature. 

Let "sta,,ff" be a staff reacling taken at or near high or low water. 
Let" scale" be a reading with the assumed scale at the time of a staff reading. The expression 

for the scale, true or assumetl, as here used, is supposed to be greater than unity; that is, if the 
record bas been reduced ten times, it is called a scale of ten, instead of one·tenth. The assumed 
scale is supposed to be so taken that the ratio R differs little from unity. 

Let A, B, O, D, etc., be successive ranges (ff\.Y-LW) on staff. 
Let A', B', 0', D', etc., be successive ranges (HW-LW) on sheet by assumed.scale. 
If the staff and scale readings involved no error, we shoulu have 

RA. B ODB t 
=A,= B1=0,= JY= E'= e c. 
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But as an error is likely to oecur in each comparison between staff and sea.le, the precision 
with which R is determined from the above fractions is iu each case proportional to tb.e ra.uge. 
That is, the precisions are as A: B: 0: . . • , or as A 1: B 1: 01: • . • • 

If we weight the determiua.tion.s according to the precisi<>ns, we have, as before, 

~A1+ B B 1+ O 0 1+ 
A I B 1 0 1 A +B + 0 + 

R= A' +B,--+<J~1 -+----. = .A1 +B' + 0'+ __ _ (1) 

In other words, 
true scale R = ---------------, 

assumed scale 
. ·. True scale = R x assumed scale. 

B.ut it is reasonable to suppose that the weights given to different determinations ought to be 
proportiunal to some power of the precision greater than unity; that is, to 

A 1•, B 1•, C1• . . • , where n > 1. 

From the law of accidental errors, it is seen that 

n=2;• 

therefore, giving to 11, ;,, etc., the weights A 12, B 12, etc., we have 

A A'2+_B B12+_0 012 + 
A 1 B 1 0 1 

R= A1:.1 + B12 + 012 + 
'_ AA1+BB1 + 00' + 
• - -A'~+-B'i + 012;-+-=----- (2) 

The reading on staff when the pencil crosses the base line of the sheet is 

y = ~ {[staff] - R [scale] } (3) 

where vis the number of staff or scale readings and the square brackets denote their sums. 

Form for computing the true or working scale of a marigraph. 

I 

I 
Staff. Scale. Staff range 

Dnte. x 

HW LW Rnnge. HW I LW Range. (Range)•. 
scale range. 

I 
I 

1896. Fut. Feet. Feet. Feet. 

I 
Feet. Feet. Feet. 

Dec. l 5·0 1"9 3·1 5·6 2·4 3·2 10·24 9·92 
2 5·8 2·8 3·0 6·5 

I 
3"5 3"0 9·00 9·00 

3 5·4 1"8 3·6 6·1 2·4. 3·7 13"69 13·32 
I i 

l 
Sum 16·2 6·5 9"7 18·2 8·3 9·9 32·93 32·24 

6·5 8·3 

22·7 26·5 

R = 32·24 = 0·9'"'9 
. 32•93 I 

True scale = R x assumed scale = B x 10 = 9·79 

y = ~ { 22·7 - 0·979 x 26·5 } = - 0·53 feet. 

*Merriman, A Text-Book on the :Method of Least Squares, p. 41. 
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That is, if we construct a true scale we must then raise the base line of the sheet by an amount 
representing 0·53 feet according to true scale, in order that all readings made thereafter may be 
reduced to staff. 

It is to be noted that R should remain the same as long as the same gauge is employed; but 
the value of y must change and so necessitate a new determination whenever the relation between 
scale aud staff zeros is altered. 

The number of observations necessary to make a good determination of the true or working 
scale and position of the datum line depends upon the value of this scale or ratio of reduction, 
as well as upon the smoothness of the water, the cross-section of the float used, and the care 
taken in indicating the exact place on the tide curve which corresponds to the time of reading the 
staff; as a general rule, however, about thirty high-water and as many low-water comparative 
readings will suffice. The time and height of these staff readings should be recorded on the 
marigram, and afterwards copied into a i:;eparate register similar to the above form for computa­
tion. The scale readings are made by placing the assumed scale so that it corresponds to the 
arbitrary datum line upon the marigram, and noting where the curve crosses the edge of the scale, 
care, being taken that the place of crossing is exactly at the point marked as being the position 
of the recording pencil at the instant of making the staff reading, and that the scale is perpen­
dicular to the datum line. 

Having thus found the true scale of the record, it is well to have a paper scale constructed 
for making subsequent readings of the curve. The arbitrary datum line, or the pencil upon the 
gauge which traces it, should be changed by the value of y, so that the scale readings may· agree 
with the staff readings as nearly as possible. During the progress of the series· it freque11tly 
happens that the relation between this datum. line and the staff is altered by some adjustment of 
the marigraph, and hence the value of a new y mm1t be computed whe11ever there is the least 
suspicion that any alteration has taken place in the relation between scale and staff readings. 

If the observer makes any change in the relation he should record the time and amount of 
such change upon the marigram. It should be made only after he has carefully determined the 
relation between the datum line and the zero of the tide staff. 

11. Additional directions to the observer. 
In most localities the time may be obtained from railroad or telegraph stations and carried to 

the gauge by means of a well-regulated watch which has been compared with this standard uot 
many hours before. The kind of time used is unimportant so long as it is defined upon the 
marigram and maintained for a considerable period, but it is troublesome to have one kind of time 
at the beginning and another kind at the end of a series. If for any reason it is found desirable 
to change the kind of time used, it should be done at some convenient epoch, such as the begin­
ning of a calendar year or the beginning of some mouth, and ample notes should be made upon 
the record calling attention to such change. 

When distant from telegraph stations, a carefully co11structed sundial will be of use in setting 
the watch, for a good sundial will give the time of apparent noon within one minute, which is 
sufficiently close for any marigraph. Sun time is converted into standard time by adding (Part 
III, § 27) 

L - S + equation of time, Table 30. (4) 

The gauge should be visited once or twice every day, especially at about the times of 
thoRe high and low waters which occur duri11g daylight., so as to make staff readings, time 
comparisons, and to attend to the various details necessary to keep the gauge running. 

In cold weather there is often much annoyance and loss of record caused by the water freezing. 
At permanent stations a system of pipes passing through, the float box aud carrying hot water is 
sometimes provided, thus imparting warmth enough to the confined water to prevent the formation 
of ice around the float. 

In some cases a few gallons of kerosene oil poured into the float box will prevent freezing, 
but in this case there is a change in the line of flotation which must be allowed for in tabulating 
the record. Moreover, unless the float box has been constructed with great care to secure tight 
joints, the oil is sure to soon leak out. If nothing better can be done when the gauge is frozen up, 
let the observer secure as many readings of the staff as may be practicable, particularly at the 
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exact hour8, for even one or two readings a day will be better than nothing for interpolating 
the \Jreak in the record preparatory to analysis. 

12. Preparation of the mar·igram, jor reduction. 
In those forms of gauge without a time-marking attachment it is difficult t-0 secure correct 

time throughout the different hours of each day, because there is generally some eccentricity in 
the connection of the driving clock with the axis of the gauge cylinder, thus causing the paper to 
move irregularly, while the clock may keep correct time. If such a gauge has its axle marked so 
that whenever connection is made with the driving clock a given hour will always corre8poud to a 
fixed portion of the surface of the roller, a scale may be made which will represent quite closely 
the true length of each hour, no matter how unequal the spaces occupied by them may be. Such 
scale should be •copied upon the marigram.• 

If the cylinder is driven at a sensibly uniform rate it is often convenient to subdivide the 
space between the time notes made by the observer into equal hour spaces. This may be done by 
first making a paper scale with uniform hour spaces a little longer than the average hour of the 
marigram, the scale being long enough to reach between successive time notes; and tlrnn placing 
it upon the tide curve, so moving and slanting the scale as to make it exactly agree with two ver­
tical lines drawn through that part of the curve referred to by each of two consecutive time notes. 
1.'he hours of the time scale, while held in tlJis position, are transferred to the marigram by succes­
sive dots, through which vertreal liues may be drawn, intersect.ing the curve at each hour, aud 
subsequently numbered to agree with the notes. 

Witll gauges having steel pins for marking tbe hours, the perforations in the paper may be 
used as hour marks, provided the gauge clock is kept always correct and care is taken to start the 
record exactly on a line joining two steel pins on opposite ends of the roller. As it is practically 
impossible to maintain correct time without disarranging the relation of the punctures to the 
clock, and since there is likely to be some eccentricity in the connection between the driving clock 
and the roller, it will generally be more exact to use one of the methods just described for ascer­
taining the hours. 

vVben the gauge has a time-marking attachment, it is only necessary to number the marks 
made by the mechanism. 

Jligh and low waters.-lt is customary to tabulate the time and height of the high and low 
waters, but there is often considerable difficulty in fixing upon the proper part of the curve in 
making these readings. The aim should usually be to i;:elect the highest and lowest points of what 
appears to be the true tidal curve. Some persons select the highest and lowest portions of the 
curve, regardless of accidental disturbances, as well as of peculiarly shaped high or low waters, but 
even this latter is likely to introduce considerable irregularity in the times, because the tide curve 
is generally not symmetrical about its extreme points, and these points are liable to swing back 
and forth during a lunation. In such cases the usage has ~ometimes been to imagine a small por­
tion of tho curve near high or low waters cut off by a horizontal chord, and to take the poiut where 
the perpendicular from the middle of the chord cuts tho curve as the point of high or low water. 

It is convenient to have a small scale, equal to one hour, subdivided iuto six parts, so that the 
number of minutes beyond any hour mark may be easily estimated. The height is read by so 
placing the scale as to make it agree with the datum liue, holding it perpendicular to this line, 
and noting where the curve at the point selected crosses the edge of the scale. · 

Hourly heights or ordinatcs.-lt is very important that the height of the sea at each exact 
hour should be ascertained and recorded. As the marigram has beeu already subdivided into 
hours, it is only necessary to see that the scale agrees with the datum line, is perpendicular to 
that line, and iutersects the curve exactly at the hour mark. A form for tabulating hourly 
heights is given in § 61. A correct datum line upon the marigram, and the relation between staff 
and scale can be found from the staff readings by aid of § 10. Instead of actually ruling in a new 
datum line, it is well to mark upon the scale the value by which the assumed datum has IJeeu 
found to difter from the one corresponding to staff; by placing this mark of the scale upon the 
datum line, the scale readings will then approximately agree with the staff readings. 

"Cf. Phil. 'fruns. 1838, p. 250. 



CHAPTER II. 

ASTRONOMY; TIDAL COMPONENTS SUGGESTED; ETC. 

13. Mean motions. 
In the harmonic treatment of tides it is important to know the mean sidereal motions of the 

moon, sun, equinox, lunar perigee, solar perigee, and the moon's node. Upon these depend the 
periods of the tidal components and tidal inequalities. The values given below are taken from 
various authorities, as indicated in the right-hand margin. 

Moon 

Surr 

Equinox 

M can sidereal motion. 

Per Julian year (epoch, Jan. O, 1900). 

4
3

12
0.

6649577 
+ 

0
0.

0000462 
ct-

100
1900) Hansen, Tables de la Lune, pp.15, 16, with Newcomb's 

correction, Regearches on the Motion of the Moon, 
p. 268; or Harkness, Solar Parallax, p. 14, equation 

359'99373II - 0'0000001 (' ~~) 
- 0·0139581 - o·ooooo62 ('~~) 

(5011 ·2493) ( 011·0222) 

( 33), omitting term of second power. 
Newcomb, Tables of the Sun, p. 9. There denoted 

by n. 

Newcomb, Tables of the Sun, p. 9, ( n - ~7). 

· Lunar perigee 40·6763487 - 0·0002070 ('--,.~900) Hansen, Tables de la Lune, pp. 15, 16. 

Solar perigee 0·0032336 + 0·0000029 ( t ~~) 
(II 11 ·6410) (011 ·0104) 

Moon's node -19·3553827 + 0·0000393 ( t ~~) 

Newcomb, Tables of the Sun, p. 9, (n -if~)· 
' dt 

Hansen, Tables de la Lune, pp. 15, 16, increased by 
0"·10, Newcomb's correction, Researches on the 
Motion of the Moon, p. 274. [Cf. Harkness, Solar 
Parallax, pp. 16, 17, 140.] 

Mean sidereal motion. 

Moon 
Sun 
Equinox 
Lunar perigee 
Solar perigee 
Moon's node 
Earth's meridian* 

Per mean solar day. 

Temporary symbol. 

J)* 
0*' 
'Y'* 
m* 
n'* 

.Q* 
EB* 

Numerical value (1900). 
0 

13 •I 76358543 
0·985609120 
0·000038215 
0·111365773 
o·ooooo8853 
0·052992149 

36o·985609120 

~ean motion relative to the equinox, i. e., mean motion in longitude. 

Per µiean solar day. Per menu solar liour. 

Formula. Numerical value (1900). Numerical value. Symbol. 
0 0 

Moon J)*- 'Y'*= J) 'l' 13'176396758 0·5490165316 6 
Sun 0* - 'Y' * = 0 'l' 0·985647335 0·041o686390 .,, 
Equinox 'l'*-'Y'*= o·o o·o 
Lunar perigee m*-'Y'*= "''l' O"Jil403988 0·0046418328 "' Solar perigee '/t*-'Y'*='lt'T' 0·000047o68 0·000001¢12 
Moon's node .Q* - 'Y' * = .Q 'l' 0·052953934 - 0·0022064139 
Earth's meridian EB* - 'Y' *=EB er 36o·985647335 15'0410686390 y 

--·--- --------
•I.e., its motion upon the celestial sphere, as seen from the earth's center, 360°=€9 • - 0 •. 

490 
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Astronomical periods obtained from mean motions.-If we .divide 360° by one of the above 
sidereal motions, or by a combination of them, the length of some mean astronomical period will 
be obtained. The following list includes the more important of such periods: 

Mean astronomical periods. 

Formula. 

3600-:- J)* 
" -:-0* 
" -'-[ J)*-0*] or l>0 
" -'-[ J)*-'f\] or J)cp 
" +[0*-'Y'*] or 0'l' 
" -'-[ J)*-ai*] or l>ar 
" +[0*-7!'*] or 0,,. 
" -'-[J)*-Q*] or l>n 
" ...,-(0*-Q*] or 0n 
" -:-[0*-ai*J or 0ar 
" -,-[))*-0*-(0*-ai*)] or [J)0-0m] 
" ~EB* 
" +[ffi*-'Y'*] or Ee'T' 
" ...,-[$*- J)*] or EeD' 
" -:-(EB*-0*] or EB0 
" -:-·r* 

-:-m* 

" -:-Q* 
" +[Q*-'Y' *] or Qcp 

14. Principle of forced oscillations. 

Name. 

Sidereal month 
Sidereal year 
Synodical month 
Tropical month 
Tropical year 
Anomalistic month 
Anomalistic year 
Nodical month 
Eclipse year 
Evectional period in moon's parallax 
Moon's evectional period 
Sidereal day 
Tropical day* 
Lunar day 
Solar day 
Revolution of equinox 
Revolution of lunar perigee or line 

of apsides 
Revolution of solar perigee or line 

of apsides 
Revolution of moon's node 
Node-equinox period 

Numerical vdalue (1900). 

27'3216609 
365·25636o5 

29·5305881 
2r3215s16 

365·2421989 
27'5545503 

365 ·2596413 
27'2122191 

346·6200271 
4 I l '7846609 

31·8II9389 
0·9972696723 
0·9972695663 
I ·0350501012 

I 'O 

9420384 ·666 

4o664181•63 
6793·45916 
6798•36171 

This principle, due to Laplace,t is of fundamental importance in the analysis and prediction 
of tides; it may be -stated thus: 

The state of any system of bodies in whick the primitive conditions of the motion have disappeared 
through the resistances which the motion encounters, is coperiodi<J with the forces acting on the system. 

If there were but a single strictly periodic force acting upon the given i.ystem, the effects of 
successive periodic actions must eventually become identical, and their periods become that of tlrn 
force. Now the magnitude of any tide-producing force being very small in compariRon with the 
force of terrestrial gravity, the accelerations imparted to the fluid particles must be very Rmall, ancl 
so must be the resulting displacements. Therefore if several such forces act simultaueously, they 
act as if totally independent of one another and so their effects permit of superpositio11. This 
being so, the disturbance may be regarded as made up of terms whose periods are the periods of 
the several forces. 

Here is the clue to what periodic terms ought to be found in the tidal wave; for, there ought 
to be au oscillation corresponding to each term of the causes producing the tide. Such terms 
follow from the development of the tide-producing potentials of the moon and sun. Bt•fore 
proceeding to this development, it may be well to consider what periodic terms are suggei;;ted 
from a superficial view of the nature of the tide-producing causes. 

WIIA.'r COMPONENTS, OR PERIODIC OSCILLA.'flONS, SIIOULD EXIST IN 'l'HE TIDE. 

15. Since the lunar tide is due to the difference between the moon's attraction upon the earth 
as a whole and the enveloping sea, there ought to be set up an oscillation whose period is a half 
lunar day; and likewise, because of the sun's attraction, an of'lcillation whose period is a half solar 
day. 

Confining our attention to the case of the moon, it may be observed that the actual lunar 
day is not of constant length, because the moon's orbit is a11 ellipse, not a circle; becau:se it is 

"Generally, but improperly, en lied "sidereal tlay.'' 
t Moo. Col., Book IV, §§ 16, 17. 
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inclined to the plane of the earth's equator, and this inclination is not constant; also because the 
sun disturbs the moon, producing evection and variation. These irregularities in the moon's 
apparent diurnal motion will, sooner or later, be in certain ways reflected in the lunar tide, which 
but for them might be assumed to be a wave of uniform period for all places, and of constant 

· amplitude at any given place. Denoting the strictly periodic portion of the tide by M2 , let us 
inquire, what other. strictly periodic oscillations or components of about the same period ought to 
exist in the lunar tide¥ 

Let m2 denote the hourly speed of M2, and II the period, in hours, of some inequality or irregu­
larity in the m:>on's motion. If a component have the speed 

(5) 

it will gain or lose on M2 one period during the time II, as can be seen by multiplying this speed 
by II."' In other words, II is a synodic period for M2 and a component with either of the above 
speeds. The nature of the inequality must be taken into account in order to ascertain which 
sign to take, and also whether, for the present purpose, II should include the whole or the half 
period as usually given. The development of the tide-producing potential shows that the two 
components, one for each sign, are sometimes required. 

If II= an anomalistic month, then 

m2 -
3.:'z~ = 28•9841042-

661 
~~~201 = 2!s-4397295. 

This suggests that there should exist because of the irregularity in the moon's motion due to 
its varying parallax, one or both of these components, which may be denoted by Li and N 2• Si11ce 
the moon's apparent diurnal motion is slowest when she is in perigree, the perigean tides should 
have a longer period than the mean tide; and because of the nearness of the moon to the earth, the 
range should be increased. The most of the parallax inequality in the tide must be due to that 
co111pone11t which, when coinciding with M2, increases the length of the period; in other words, 
N2 is the larger lunar elliptic component, and L 2 the smaller lunar elliptic component. 

1f II= a half tropical month, then 

m2 + 3J
1
° = 28·9841042 + 327 .~}~979 = 30·0821373, 

ID2 - ;~ = 28·!)841042 - 327.~~~!)79 = 27 •8860711. 

Since the moon's apparent diurnal motion is, creteri.~ paribus, greatest when she is in the 
equator, and since her tendency to prolluce tides is then greatest (Principia, Bk. II I, Pro11. XXl V), 
the speed of the component causing the declinational iuequality 'in the semidiur11al tide is greater 
tl1a11 the speed of M2• This component is the lunar part of K 2. The other component is not 
required in connection with this inequality. 

If fl= a half synodic month, i. e., the moon's variational period, then 

360 360 
m2 + -rt = 28·9841042 + 354.367057 = 30·00000007 

m2 -
3;;> = 28·9841042 - 3.54-;~~~057 = 27 •9682084, 

··-------·-----------
•Cf. Laplace, Mee. C61., Bk. XIII, ~ 3. 
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Oreteris paribus, thti apparent diurnal motion of the moon is least when she is in the syzygies, 
and her distance to the earth is then least. (Principia, Bk. I, Prop. LXVI, or§ 87, Part I.) This 
shows that the lunar tide is then greater than usual and of longer period; consequently the com­
ponent causing the variational inequality in the semidiurnal tide is the one whose speed is less 
than that of M2. It is denoted by µ2. If the other component, whose speed is 30° per hour, exist 
at all it will unite with S:i. 

Let II= half of the evectional period in the moon's parallax. Every time the line of apsides 
passes the sun, the eccentricity of the lunar orbit becomes a maximum (Principia, Bk. I, Prop. 
LXVI). That is, the amplitude of the oscillation (N2 ) which mainly accounts for the parallax 
effect upon the tide, would, if no additional component were introduced, have an inequality of a 
period of about 206 days. A component which would probably represent such an iuequality must 
have for its speed one of the two values, 

+ 360 - 28·4397295 360 - 28·""1?.r:831 
"

2 
- I{ - + 4941 •415931 - " ...,;:> ' 

360 ' 360 n2 - a= 28·4397295- 4941•4159--:fi = 28·3668759. 

(6) 

At such times of greatest eccentricity the progression of the line of apsides becomes a 
maximum. This increases the anomalistic month, and so, by the above formula for the speed of N2, 

must increase the speed of the oscillation representing the most of the parallax effect at the time 
when its amplitude becomes a maximum. Consequently, the principal component due to the 
moon's evection should have the speed 28·5125831. This component is designated as v 2• 

16. Whenever the moon is not upon the equator, the two tides of a day will generally differ 
because the moon's north polar distance at the time of a superior transit is not equal to her south 
polar distance at the time of an interior transit. In other words, if we suppose the moon aud anti­
moon to successively cross the meridian of a place, the one will be a body of north declination and 
the other·a body of south declination. It would be natural to try to represent this inequality by 
a wave of variable amplitude attaining a maximum wbeu the moon is far from the equator and 
vanishing at about the time when tlte moon crosses the equator. The speed of such a wave should 
be m,, or the apparent diurnal motion of the moon about the earth. When the amplitude becomes 
zero the phase of the wave should suddenly change by 1800. To avoid this great variability in 
amplitude and this sudden change of phase, a component, lunar K 1 , is suggested which shall gain 
360° on the moon in a tropical month, and another component, 0 1 , of about equal amplitude, which 
shall lose the same amount; for, the speed of the resultant wave will evidently be that. of the moon 
or m1, its amplitude will be a maximum when the moon is far from the equator, eitlJCr uorth or 
south, and zero when she is upon or near the equator. 

If II= a tropical month, then 

m 1 + ~~ = 14·4920521 + 605-;-~~~958 = 15•0410686 = k 1, 

In I - ~~ = 14•4920521 - 655~~~958 = 13•9430356 = 01. 

(7) 

The same line of reasoning would lead one to infer that all lunar components might be 
accompanied by small components• of almost the same speeds as th01m1elves for taking into 
account the effects of the regression of the moon's node. For most purposes it is preferable to 
suppose this inequality accounted for by means of slight variations in the amplitude and epochs 
of the components which do not owe their origin to the movement of the node. 

* Style<l lunar nodal components. See r'errel's Tidal lfosearche11, p. 43; also United States Coo.st and Geodet.io 

Survey Report, 1878, pp. 270 et seq. For example, let lI =the node-equinox i1eriod; then mi - 3Ji = 28·9818978 = the 

s11eed of Ferrel's M' p 1 •l· Again, k, + s;;o = 15•0432750 =the spcecl of Ferrel's M' (3, ,,, and o, - 3;'~ = 13·9408292 

= the speed of Ferrel's M' (61 1,. 
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. Considering now the portion of the tide due to the sun, and placing II= an anomalistic year, 
then 

360 360 ~ 
S2 +IT= 30·0000000 + 8766~1391=30·0410661, 

s 2 -
3J

1
0 = 30·0000000 - 8766~gg1391 = 29·9589333, 

and w~ obtain two speeds which are denoted by rz and ti, respectively. 
By placing IT= a half tropical year, the first speed becomes equivalent to k 2• 

II= a tropical year, then 

s 1 + 3
JJ=15•0000000 + 8765~:~2774 = 15•0410686, 

360 - 1'. 360 - . 
S1 - -J[ - lo 0000000 ~ 8765;8f2°fl°4 - 14 9589314, 

and we obtain two speeds of which the first is k 1 and the second is denoted by p 1• 

(8) 

By placing 

(9) 

There are other oscillations having a truly astronomical origin, lmt their speeds, as a rule, are 
less readily obtained from the mean motions of the moon and sun than from the speeds of certain 
components like 0 17 Ki, etc. (See Table 2, already referred to.) 

17. 0.vertides. 
So far we have been mainly concerned with the periods of the oscillations. That they a1e 

simply harmonic is not self evident. In fact, where the water ifl shallow the crest of the tidal 
wave must generally move faster than the trough. This, as the wave proceeds, causes the 
duration of fall to exceed the duration of rise. If upon a simple harmonic oscillation we super­
pose in a suitable manner a small one of double the speed, we obtain the effect desired. We are 
therefore led to infer that there probably exist along with M2, S2, Nz, etc., the components M4, S4, 

N4 , etc. Again, it seems natural to suppose that, for instance, the principal lunar part of the tide 
may have other departures than the kind just noted from a simple harmonic form. But whatever 
its shape may be, it can be represented by a Fouri1·r series of terms whose speeds are simple 
multiples, like 2, 3, 4, etc., of the speed of the principal component. That is, M2 may naturally 
enough in shallow water be accompanied by M4, M6, M0, etc. So for S2, and other components. 
These are sometimes called overtides because of their analogy to overtones in musical sounds. 

18. Compound tides. 
Jn shallow water there may be sensible compound tides; that is, components whose speeds 

are the sums or differences of the speeds of the principal components. These were suggested by 
Helmholtz's theory of compound sounds. In fact, we have only to multiply together, in pairs, the 
principal simple harmonic (cosine) terms which constitute the tide in order to ascertain the 
theoretical relations between their amplitudes, arguments, and epochs. Ferrel gives quite 
exteuded lists of such components in the Hcport of the United States Coast and Geodetie Survey 
for 1878, pp. 274-276 (about equivalent to Table 3G), and Darwin, a list of the more important 
cases in the British Association Heport for 1883, pp. 74-78. 

T!.:e velocity of propagation for a high water of, say, the component M2 is 

(10) 

and of the trough 

-I g(h--- :fM~)=(gh)i - ~~-b (11) 

fl being the acceleration of gravity and h the depth at half-tide level. The difference between 
these two velocities is proportional to 

C
g' i -h) Mz. (12) 
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.At a given place (since g and h are constant) the time distortion is evidently proportional to 
Mz; for, to a first approximation, all components, whatever their amplitudes, require about the 
same time in their propagation from point to point-the velocity being (gh)~. For convenience, 
suppose Mz to be a somewhat varying amplitude, that is, let Mz not stand for the true amplitude 
of M2, but the resultant amplitude when combined with another component of about equal speed. 
Let its value on two different occasions be. deuotl'd by (M2)" (M2)w The question now arises, how 
do the corresponding amplitudes of M 4 compare with each otherY In the first case the duration 
of fall exceeds one-fourth lunar d:~y by an amouut proportional to (M2),, and in the second, to 
(M2) 11 , according to the equations just obtained But it can be readily seen by combining waves 

[ eqs. (60), (61), Part 111] that tllis excess iu the one case is proportional to ~::~~·and in the other to 

(M4) 11 

(M2)11° 

or 
(13) 

that i;;, if the amplitude of a component be different on two occasions, the amplitude of the 
overtide ha\'ing double tbc speed of the fundamental, will vary as the square of the amplitude of 
the fundamental. (Applying this to the diurnal and semidiurual waves, one might perhaps 
surmise that the amplitude of the diurual wave, aud i:;o the diurnal inequalities, vary, from place 
to place, as tile square root of the semidiurnal range.) 

Suppose that the cause of the variation in M 2 is the addition of S2, producing spring tides. 
At the times of the spring tides, what is the amplitude x of tbe overtide M4 ' 

M4: X=M22
: (M2+Sz)2

, 

(14) 

At the neap tides we have 

( 
282 Sl) 

X=M4 .1--M;+.M} . (15) 

Thus we see that if the quarter diurnal component is to have an approximately fixed position upon 
the semidiurual wave it must have a variable amplitude. But, jnst as in § 15, we infer the speeds 
of one or two additional quarter diurnals by putting fl= a half synodic month expressed in hours. 

360 360 
m,+ Ji = 57·!lG8!W84+354.3iJ105'7= 58·!)841044 1 

360 ~ . ' ' 360 
Ill l - . fl. = 51 •!)b82084- 354;307057 = 56·9523124. 

(lG) 

'J'he component defined by the first speed ( =m2+s2) is MS or (MS)4• 'rhe values of x just written 
show that tbe amplitude is given by the relation 

(17) 

The speed of MS being the arithmetical mean between the speeds of M4 and S4, the period of MS 
is, of course, the harmonic mean between the periods of M4 and S4• 

By putting II= one-fourth of a synodic mouth, the speed defining the component S4 is obtained. 
'fhe values of .r show that 

S2'l 

S4=M;z x M4, 

which migbt have been inferred from (13) by writing 8 2 for one of the M2's. 

(18) 
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Similarly, tnere should be compound tides dependent upon M2, N2; M2, K2; etc. So for S 2, 

N2; etc. 
The speed of MS being the speed of M2 plus the speed of 8 2, its phase must of course vary as 

the sum of the phases of M2 and 8 2 varies, and so it is customary to take its initial argument equal 
to the sum of the initial equilibrium arguments of M2 and S2• At spring tides MS should conspire. 
with M4, and at neap tides it should interfere. The speed of M4 is equal to twice the speed of M2, 
and it is customary to take for its initial argument twice the initial equilibrium argument of M2. 

·"ms= m2 + s2; (19) 

argo MS= argo M2 + arg0 S2; (20) 

phase MS(= phase M4 , at springs)= phase M4 + phaRe 82 - phase M2; (21) 

phase l\IS (=phase M 4 ::!:: 180°, at neaps)= phase M4 +phase S2 - phase M2; (22) 

mst + arg0 MS - MS0 = m4t + arg11 M4 - M4° + s2t + arg,, Si - SP - (m2t + argo M2 - M20); (23) 

and so 

The more general treatment of this subject is given in § 48. 
19. Jlfeteorological tides. 

(24) 

The land and sea breezes, and the daily variation in atmospheric pressure, may give rise to 
a tide whose period is a solar day; and, as the cause is not directly astronomical, it is natural to 
suppose that overtides woul<l have to accompany the simple harmonic form in order to represent 
a tide whose origin is so remote. 

The change of' seasons gives rise to an annual tide, Sa. Such a tide must represent the stagPs 
of rivers at river stations. As very high stages are usually of comparatively short duration, it is 
not reasonable to suppose that a single component can represent the annual changes in river level. 
In other words, the overtides become comparatively large. 

It is hardly necessary to add that while the determination of meteorological tides from long 
series of observations is valuable for some purposes, their recurrence is not generally certain 
enough to make them of much value in tidal predictions. 

The foregoing has led to, or at least suggested, the most of the ccmponents which are to he 
sought in the process of analyzing the tidal wave. Some of those already brought to notice are, 
from the nature of their origin, too small to be included in a working schedule. 

It may be worth while to here call attention to a practical application of § 18, or rather to 
empiral rules there hinted at. 

20. Rules for inferring certain nonhannonic quantities from values at a neighboring station. 
Suppose that for a secondary station we know the value of a semidiurnal range of tide, say 

Mn, and wish to estimate the value of another semidiurnal range, say Sg, or Np from a neighbor­
ing principal station where the tide is supposed to be fuJly known. We naturally put 

(s ) - (S ) (Mn)" . (M ) - (1\1 ) (Sg)". 
g /1 - g , (Mn)/ · · n /1 - n , (Sg), , 

(Np)"= (Np), (Mn)". 
(Mu), 

(25) 

(26) 

Similarly for perigean and apogean ranges. But § 18 suggests the l1ypothesis which observations 
have in a measure corroborated, that the amplitude of the diurnal wave aud all quautitie8 pro­
portional thereto vary between neighboring stations not as the ratio of the mean ranges of tide 

varies, but.rather as the square root of this ratio. Consequently, putting temporarily k for /(Mn)" 
V (Mn), 

we have• 
(D1) 11 = (Di),k, (27) 

(BWQ)11 = (HWQ),k, (2~) 

(LWQ)11 = (LWQ),k, (29) 

(depression of mean LLW below M8L),, = z (Mn)11 +[(ditto), - g (Mn),]k, (:lO) 

"For notation see §§ 2-7, Part I. 
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(depression of Indian or harmonic tide plane below MSL)
11 

= 0·49 (Sg) 11 +[(ditto), - 0·49 (Sg),j k, 

= 0·49 f (Sg) 11 + (Di) 11 J, approximately. 

Here "ditto" refers to the left-hand member. 

The Indian tide plane is ::\12 + 82 + K 1 + 0 1 below mean sea level (MSL). 

(depression of tropic LL vV below MSL) II 

=[(ditto) - 1 (Mn)] (LWQ)" 
I 2 I (l.JWQ),' 

(Gc) 11 = (Mn)11 +[(Ge), - (Mn),] (~~~J;-t--~t~~?;' = (Mn)11 +((Ge), - (Mn),] Jc, 

(tropic HHWI)11 = (HWl)11 + [(tropic HllWI), - (HWl),J Q~II1), . _(~),!, 
(Mn) 11 (D1), 

(tropic LLWl)11 = (LWI), +[(tropic LLWI), - (LWl),] LI\!~.!... (1~1 )11. 
(Mn)11 (D1 ), 

When (D1)11 is known from observation, the value of k from (27) should be nsed. 
21. Jlfean longitude. 

497 

(31) 

(32) 

(33) 

(34) 

(35) 

(36) 

(37) 

'J'he mean longitude of a body may be defined as the distance along any given great circle 
moved over by a uniformly moving or "mean" 
body from the intersection of its orbit and the 
circle. It is simply the time since the body 
passed such intersection multiplied by the aver­
age angular velocity of the l)Ody. For a fixed 
body or point the mean, as well as the true, longi­
tude is measured from the foot of the perpendic­
ular let fall from the body or point in question 
upon the circle in which longitude is reckoned. 

If two or more great circles meet in a point, 
each circle will have a mean body of its own; 
lmt all these mean bodies will be at the same 
distance, at any given instant, from the orig-in; 
that is, the real body will have the same mean 
longitude reckoned in whichever circle. If orig'ius 

uator 

Fin. fi. 

in the several circles be taken a constant distance from the common intersection, the mean 
longitude in each circle will be altered by the same amount. 

The mean longitude of the sun (h) from 'Y' is the same in tho equator a,; in the ecliptic. If v 

denote the H.. A. or mean longitude of I in the equator (see Fig·. 6), then h- vis the sun's mean 
longitude from the point I. If we take a point 'Y'' upon tho moon's orbit such that Q 'Y'' = Q 'Y', 
and denote the distance 'Y'' I by~' then the moon's mean longitude from I, whether in the orbit or 
the equator, is s - ,<;, s being her mean longitude from 'Y"' or 'Y' in the orbit or the equator. 

Fig. 6 supposes the ouscrvcr to be within the celestial sphere looking outward. The ecliptic, 
moon's orbit, and the celestial equator are suppose<l to he fixed, while the projection of the terres­
trial meridian upon tho celestial sphere moves eastward, as indicated by the arrows, and at the 
rate of 15° per sidereal hour. S' is a slowly moving point upon the equator, distant 180° from 
the mean sun (S), aud so 'Y" S'= h ± 180°. When the meridian passes over the point S' it is mean 
local midnight, where we shall assume t, the mean solar time, to bo ~ero. "When the meridian is 
at ;r, then t, or 15 t, = S':l'. The hour auglo of'Y' may be temporarily denoted by g. ill deuotes the 

6584--32 
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position of the mean moon, and P that of the lunar perigee. The following equations are given 
for convenience of reference; tis the time expressed in degrees instead of hours: 

'Y' I= 1', 

'rS=h, 

er S' = h ± 1800, 

'Y' x = g = t + h ± 1800' 

'Y'Q =N, 

<r'I= &, 

'Y'' M =S, 
cr''P=p, 

'Y''Q = N, 

S'x=t, 

Ix = x = t + h ± 1soo - v, 

IP= ra, = p - e. (38) 

Most tables of the moon and sun give mean longitude of the lunar and solar elements reckoned 
in the orbit or the ecliptic and from the origin 'r. To refer any of them to the equat-0r, using I as 
origin, it is necessary to know the mean longitude of the moon's node (N); then v and.& can be 
obtained by solving the spherical triangle 'r IQ. To avoid this labor the values of v and e for 
any value of N may be taken from Table 7. 

In all of the work pertaining to the reduction and prediction of tides, we shall adopt the fol· 
lowing (Hansen's) values for s, p, h, p 1, and N, which are those used by Darwin in his report for 
1883: 

s = 1500·0419, + [13x3600+1320·67900)T + 130·l764D + oo·5490165R, 

JJ = 2400·6322 + 400·69035T + OO·ll14D + 00·0046418H, 

h = 2800·5287 + 3600-00769T + 0'J·9856D + oo·0410686H, 

p 1 =2800·8748 + 0°·01711T+0°·000047D, 

N = 28i>0·9569_190.34146T- 00·052954D. 

(39) 

wliere Tis the number of Julian years of 36:3! mean solar days each; ]) the number of mean 
solar days; H the number of mean solar hours after Greenwich mean noon January 11 1880. 
On account of the slowness of the secular changes in the coefficients of T, D, or H the epoch of 
this table may, for tidal purpm~es, be regarded as 19110. See Hansen's Tables de la Lune, p. 151 

from which these formulre may be obtained IJy putting t=80. Newcomb's corrections are not of 
sufficient magnitude to seriously alter these values. 

Affecting the symbols employed by Hansen with a zero subscript, to indicate that Newcomb's 
correetions have been applied, ~ve have• 

(
!-1800) 2 (! -1800) I 

I = 3600-e, + '"• + Uo = 335°•723766 + (13 x 360° + 1320·67886233) (t-1800) + 0'"002623 ·--100 -t- 0°·0000°' -100- ' 

= 225°·:!98072 + 

p, =360°-0, + "'•' 

N=360°-0, 

400·69050683 (t-1800)-00·010037 C-:;~~00 ) • -0"·000010('~~00) •• 

3600•00768417 (t -1800) + ()0•000308 c-~~~00) ', 

(
t-1800)' ()0·017J0fl89 (t-1800) + 00•000464 -f(flj-- • 

19-.34147114 (t-1800) + 00•00"276 -- -t-0°•000002 -- ' (
t-1800)' (t-1800)' 

- 100 100 

(40) 

where tis the number of Julian year from the epoch 1800·000, or noon December 31, 1799. By 
making t= 100, values for s, p, h, p 1, and N are obtained for uoon, January 1, 1900; at that time 
s = 28:3°·612626, p=334P·4:l8708, h=280·682516, p 1=2810·217105, N =259°·130482. Tables 3, 4, and 
6, which do not involve Newcomb's corrections, give for the same time, s=2830·62, p=3340·44, 
h=2800·68, p 1=2810·22, N=2590·13. 

Newcomb's recent values t for hand pare for the epoch 1900. 
22. Formulw for computing I, 1', and t.i 

---------------------------··- ·--·----- --- . 

• Hesearches on the :Motions of the Moon, pp. 268, 274, Washington Observations, Vol. 22, 187ii; Harkness, Solar 
Parallax, pp.13, H, \Vashington Observation8, 1885, Appendix III. 

t Table8 of the Sun, p. !J, Astronomical Papers, Vol. VI, 1895. 
t B. A. A. S. lfoport, 1883, J>p. 83, 84. 
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cot ( N - ~) sin N = cos N cos i + sin i cot w ; 

t n _ sin_~-~~-N (~s i -1) +_~i~- sin i _c()t ~ 
a & - sin2 N + cos2 N cos i +sin i cot w cos N ' 

sin i cot w sin N(l - tan 1- i tan w cos N) 
= c-0821""1-+ sin i cot w cos N-.:.:Sin2 ~ i cos -2-u· 

cos I= cos i cos w - sin i sin oo cos N, 

sin r =sin i cosec I sin N; 

tan i cosec w sin N 
tan r - ------· --

- 1 + tan i cot oo cos N · 
Regarding i as small we have 

. . . . 1- ~ sin2 w 
tan !; = i cot w sm N - 2- i

2 sm 2 N sin2 w , 

• • . • • .. ::} UGO 
tan r = i cosec w sm N - 2- i 2 sm 2 :N -.-2 - , 

Sill w 

cos I= (1- ~ i 2) cos oo-i sin oo cos N. 
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(41) 

(42) 

(43) 

(44) 

(45) 

(46) 

(47) 

(48} 

(49) 

Table 7, taken from Baird's Manual, was computed upon the assumption that w=230 27 1·3 
and i=5° 8'·8. 

23. Kepltw's problem. • 
By analytical geometry the vectorial angle (v),• reckoned from the perigee, is connected with 

the eccentric angle (E) by the equation 
cos E-e 

COS V= ·------, 
1-ecosE 

(50) 

e being the eccentricity of the orbit. By Kepler's second law equal areas are described in equal 
times, and so the mean (M) and eccentric anomalies are connected by the equation 

M=E-e sin E. (51) 

The elimination of E from these two equations constitutes the solution of Kepler's problem. 
For a complete solution see books on mathematical astronomy, such as Dziobek's Mathematical 
Theories of Planetary Motions, Resal's Mecanique Celeste, etc. For most tidal purposes it is 
sufficient to carry the solution to the second powers of e, and this may be easily accomplished in 
the following manner: 

If we develop by 'raylor's theorem the value of v from the first equation written in. the form 

v=cos-1 (cos E+h) 
where 

e sin2 E h= ----·-··- -
1-e cosE 

we obtain 
v=E+c sin E+l e2 sin 2 E+ 

'rhe second equation gives 

or 
Jlf=E-e sin (M+e sin ill), 

E=i11+c sin (M+e siu 111); 

.-. E=M+e sin 11f+~ e2 sin 2 M, to the second power of e, 

e sin E=e sin Jlf+~ !? sin 2 M, to the second power of e, 
-------- ··-··· ---·-···---- -------- -----------

*The present usb of the lutters v, E, Jll, and h will probably be confined to thi8 parngrnph. 

(52) 

(53) 

(54) 

(55) 

(56) 

(57) 
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! c2 sin 2 E=t C2 sin 2 llf, to the second power of e; 

.·.v =llf+2 e sin llf+{ e2 sin 2 JI/~ to the second power of e. 

24. Reduction to the equator, a.nd conl)(:rsely. 

(58) 

(59) 

l1et A denote the inclination of an orbit to the equator, and Ba right angle formed by the 
equator and the hour circle passing through the body. By spherical trigonometry we have 

l tan c 1 . 2 A)-! tan ~ = - --A- = tan c ( - sm , cos 
=tan c (l + 2- sin2 A + -~ sin4 A+ . ) ; 

b =tan 1 (tan c + le), say. 

By Taylor's theorem 

b = c + t sin 2c sin2 A +(~sin 2c + -loJ sin 4c) sin 4 A + 

'l'he usual formula for this is, unless the exact solution l>y trigonometry be preferred, 

b = c + tan2 2-A sin 2c - 2 tan4 2 A sin 4c + 1'- tanG 2-A sin 6c -

but for certain purposes it is convenient to expand in powers of sin .fl. Also, 

(60) 

(61) 
(62) 

(63) 

(64) 

tan c =tan b cos A= tan b (1 - sin2 A)~, (115) 

=tan b (l - ~ sin2 A - k sin4 A); (66) 

•. c = tan-1 (tan b + k'), say, 

= b - ! sin 2b sin2 A - (k sin 2b - 3~ sin 4b) sin4 A. 

(67) 

(ll8) 

25. Approximate expre8sions for the right ascension of the .mn or moon. 
Tlle object of this paragraph is to show that if we displace in time the strictly periodic portion 

of the equilibrium lunar (solar) tide by the lunar (solar) components, the resulting wave will have 
its crest beneath the tidal body or 180° therefrom. 

The true longitude of the sun is, by Kepler's problem, § 23, 

(69) 

where h denotes the mean longitude of the sun, p 1 that of the solar perigee, and e1 the eccentricity 
of the earth's orbit= 0·0Hi79. The coefficients 2e1, 4e1

2
, are converted into degree.s by mcaus of the 

factor 57·3, thus giving 

I= h + 1°·924- Hin (h - p 1) + 00·020 sin 2 (h - p 1). 

'fbe right ascension eorresponding to l is, § 24, 

a= l - ! sin 2 w sin 2 l - siu 4 w (k sin 2 l - :?-:I sin 4 l), 
= h + 10.924 sin (h - p 1) + 00·020 sin 2 (h - Pi) 

- 20.450 sin 2 h + oo·0-!5 sin 4 71, 

ea1, the obliquity of the ecliptic being taken as 230 27'·3. 

(70) 

(71) 

(72) 

Now since all solar tides are d.ue to the sun, the crest of the solar wave composed of these 
partial tides ought, in the case of semidiurnals, to have its phase equal to twice the hour angle of 
the sun. 

Sun's right ascension x 2 

= 2 h - acceleration in 8 2 due to T 2 

" " Sz " '' J{.2 

'' " 82 " " solar K 2 , 'l'able 15. (73) 
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This is approximately equal to 

2 h - TS~ t 2 sin (arg Tz - arg S2, =P1 - h) 
2 S2 

H2 tz · ( l' S l 80 - S ;-- sm arg "z - arg 2, = i - p 1 + 1 O) 
2 s 2 

Kzk2 . K s 1 - -,-- -· -sm (arg 2 - arg 2, = 2 1i). 
S2 S2 
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(74) 

Here "arg" stands for the equilibrium argument, Y + u, of Table 1; it is equivalent to the phase 
of the oscillations, if its epoch (or lag) be zero; K 2 here denotes the solar part of K 2• 

Putting in the theoretical values of these component ratios, we have for twice the sun's right 
ascension• 

or 

2 h - 3°·32 sin (p 1 - h) + 00.47 sin (h - p 1) - 40.!)5 sin 2 h; 

2 h + 30.79 sin (h - p 1) - 40.95 sin 2 h, 

the half of which is 
h + lO·!)O sin (h - p 1) - 20.43 sin 2 h. 

(75) 

(76) 

This value of the sun's right ascension agrees well with value (72). Thus it is seen that T 2, R 2, 
and solar K 2 account for irregularities in the solar wave corresponding well with the irregularities 
in the motion of the sun. Tile quantity+ 10.90 sin (h - p 1) - 20.43 sin 2 his, when converted 
into time, ver·y nearly the eqn<ttion of time (to change apparent to mean time), Table 30. For, 

Sun's right ascension= right ascension of mean sun + equation of time. 
In a precisely similar manner the right ascension of the moon reckoned from I is 

<J1 + 6°·2!)2 sin ( (J1 -1i11 ) + 0°·2Hi sin 2 ( o, - 1i1 1) 

-140·324 sin2 I sin 2 o, - sin4 I (70·162 sin 2 151 - l 0·790 sin 4 o,), (77) 

o, denoting the mean longitude of the moon from I, 1i11 that of the lunar perigee, the eccentricity 
of the orbit being 0·05491. A more accurate value from Hansen's tables is, taking into account 
the higher powers of e, the evectiou, variation, and the anuual inequality, 

C51 + 60·2!)0 sin ( o, - r:tJ',) + 00·2Hi sin 2 ( u, -r:tJ',) 

-140.324 sin2 I sin 2 u, - sin4 I (7°·162 sin 2 o, -1°·790 sin 4 <r,) 

+ l0·241 siu (s-2 h + p) 

+ oo•5!J6 sin 2 (s - h) 

-OO·l83 sin (h-p1). (78) 

'l'he two terms in sin 2 <J, may be added together by giving to sin I a mean value. '_rhis expres­
sion increased by r is the moon's right .ascension reckoned from 'Y'. 

By § 21 the above expression may be written 

s-& + (i0·290 sin (s-p) + 00·216 sin 2 (s-p) 

_ 150.,153 sin2 I sin 2 (s -&) + sin 4 I [l0·7!JO sin 4 (.~ -e)] 

+ l0·241 sin (s -2 h + p) 

+ 00·596 sin (2 s-2 h) 

-OO·l83 sin (h-P1)· 

*I.e., makiug 118!1 of Tahlo 1 and multiplying l>y 57·3. 

(79) 
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The harmonic components give for twice the right ascension of the moon, likewise reckoned from I, 

2 s-2 v-120·50 sin (s-p)-10·42 sin 2 (p-s) 

- 320.47 sin2 I sin 2 (s- l:) 

20.54 sin (2 h-s-p) 

10.33 sin 2 (h-s). 

lunar K2 

µz (80) 

Reckoned from 'Y', the double right ascension of the moon is this expression with the term 2 1' 

omitted. Since v is nearly equal to e, this agrees well with twice the preceding expression, which 
shows that the mean lunar tide is so per·turbed by additional components as to follow the true 
moon. Either enables a person to compute the approximate time of the moon's transit by menus 
of Table 3. 

In a similar manner we might compare ordinary periodic expressions for the moon's parallax 
or radius vector with the expression for the amplitude of the semidinrnal wave regarded as the 
Mz wave perturbed by N2 , Lz, etc. 

26. Astres fictijs, fictitious moons, etc. 
For aiding the imagination, Laplace• introduced a set of fictitious bodies having certain 

analogies t-0 the mean sun and mean moon. Such bodies move uniformly in the celestial equator 
and at a co11stant distance from the earth. The successive transits of any astre fictif across a 
given terrestrial meridian defines a corresponding day, differing in length hut little from twenty­
four mean solar hours. 

The Tidal Committee of the British Association made use of such fictitious bodies as the 
harmonic analyRis of tides seemed to demand.t By the introduction of suitable bodies, which 
were not used by Laplace, the parallaxes of the mean sun a11d mean moon become constant. 

The assigned position of a fictitious body has, of course, a direct influence upon the epoch of 
any component tide determined with reference to the body. The following quotation from a paper 
by Thomson is found upon page 481 of the British Association He port for 1878: 

r. (technically called the epoch) is the angle, reckonecl in degrees, which an arm revolving uniformly in the 
period of the particular tide hus to run through till high water of thiH constituent, from a certain instant or era of 
reckoning defined for ench constituent as follows:-

Definition of E.t-To explain the meaning of the values of E given in the following table of results, it is conven-
ient to use Laplace's "astres fictifs," or ideal stars. Let them be as follows:­

},/the "mean moon." 
S the "mean sun." 
K for diurnal tides, a star whose right ascension is 90°. 
K for semi-diurnal tide, the "first point of Aries," or 'Y'. 
0 a. point moving with angular velocity 2 6, an<l having 2;00 of right ascension when Mis in 'Y'. 
Q a point moving with angular velocity 2 6- w, and 270° before ,l/ in right ascension when the longitude 

of JI is half the longitude of the perigee. 
Pa point moving with angular velocity 2 17, having 270° of right ascension when S is in 'Y'. 
:N a. point moving with angular velocity, ~ 6- ~ w, an<l passing alternately through the perigee aud 

apogee of tlrn moon's orbit when Mis in perigee. · 
L a point moving with angular velocity, ! 6 + ai, and passing alternately through 90° on either side of the 

perigee of the moon's orbit when Mis in perigee.· 
The value of E in each case above means the number of 360tl1s of its period which the corresponding tidal 

constituent 11as still to execute till its high-water from the instant when the ideal star crosses the meridian of the 
place. Thus if n denote the periodic speed of the particular tide in degrees per mean solar hour, its time of high-

water is~. reckoned in mean solar hours after the transit of the ideal star. 
n 

•Mee. Ccl., Bk. IV,§§ 17, 19. Cf. expression for the title in Bk. XIII. See nn<ler Laplace. 
t B. A. A.. S. Reports, 1868, p. 496; 1876, p. 293; 1878, p. 481. Th01nson and Tait, Natural Philosophy (Ed.1883), 

§ 848. 
t "This definition for the several cases of K diurnal, and O, P, Q, and L differs by 900 or 1soo or 270° from the 

llefinition given in the British Association Report ( 1876) for a reason obvious on inspcctiou of Tab lei; I. and II., pp. 
304 and 305 of that report, which (except in respect to the longitude of perigee and perihelion) show E as previously 
reckoned for the several constituents.'' · 
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It is to be remarked that there are two K bodies always 90° apart in the celestial equator. 
Darwin discards the astres jictijs, and says in his report '.or 1883: 

In tho present Report the method of mathematical treatment differs considoru.bly from that of Sir William 
Thomson. In particular, ho has followed, and extended to the diurnal tides, Laplace's method of referring each tide 
to the motion of an astre fiot~f in the heavens, and he considers that these fictitious satellites nre helpful in forming 
a clear conception of the equilibrium theory of tides. As, however, I have found the fiction rather a hindrance than 
otherwise, I have ventured to depart from this method, and have connectecl each tide with an 'argument,'* or an 
angle increasing uniformly with the time and giving by its hourly increase the 'speed' of the tide. In the method 
of the astrcsjictifs, the speed is the difference between tho earth's angular 'l"'eloeity of rotation and the motion of tho 
fictitious.eatollite amongst the stars. It is a consequence of the difference in tho mode of treatment, und of tho 
fact that the elliptic tides aro bore dovelopocl to a higher degree of approximation, that nono of the 1>resent Heport 
is quoted from the previous ones. 

In case of a diurnal component, the argument is evidently the hour angle of the corresponding 
astrc jictif; in case of a semidiurnal, twice the hour angle; etc. 

Since these bodies do not really exist in nature, but are created for aiding the imagination, it 
seems justifiable to carry the fiction one step farther if simplicity can be thereby attained. 
Imagine a system of bodies to have an apparent aud uniform motion around the earth from east 
to west. Let their periods be equivalent to the periods of the various short-period tidal compo· 
nents. That is, an M2 moon or body will cross the meridian of a place twice each mean lunar day; 
an M4 moon, four times; etc. They are to be so placed in the celestial equator that the equilib­
rium arguments of the components ( V + u) are the hour angles of the fictitious bodies. Each body 

bas the property of producing a 1!~~l:~::: of the corresponding component tide a certain number 

of hours (=epoch expressed in time) after its Y~)£:~ transit. (See Fig. 7, Part 1.) 

27. Sum of the series 
cos () + cos 2 () + cos 3 () + +cos nfJ. 

If n denote any positive integer and () any angle, then 

2 cos {I cos nfJ =cos (n + 1) tJ +cos (n -1) fJ 

because the second member of this equation is equal to 

cos nfJ cos () - sin n() sin e + cos ne cos e + sin nfJ sin (). 

Now giving ton the values 1, 2, 3, . n, we have 

n=n n=n n=n 
2 cos (} ;s cos nfJ = ;8 cos (n + 1) e + ;s cos (n - 1) 8. 

n=l n=l n=l 
n=n 

Calling ::S cos ntJ, S, we obviously have 
n=l 

2 S cos fJ = 2 S + 1 - cos fJ + cos (n + 1) fJ - cos nO; 

.·. S = _ 2 +~~s1!f= cos__0_.t!l!!, 
2 (1 - cos 8) 

sin (2 n + 1) ~ sin (n + 1) ~ n 
= - ~ + 2-·--. -·--·---- = -1 + ----~- cos _ e. . fJ . u 2 

Slll 2. Sill 2 

Special case nfJ = 3600. Either value of S just obtained reduces to zero. 
28. Note on the <letcrmination of empirical constants. 

(81) 

(82) 

(83) 

(Si) 

(85) 

(86) 

Let there be three empirical constants (x, y, z) t to be determined from n observations upon 
------·- ··--···--·--·-------------------------------

*This wo have generally called" equilibrium argument,'' denoting it by arg. Wo th on have arg-epoeh=phase. 
t The notation used in this pamgrnph is temporary. 



504 UNITED STATES COAST AND GJ<.;ODETIC SURVEY. 

the value of a linear function involving them (a,x + b,y + c,z). This function changes its value 
for different assigned values of the coefficients (a, b, c) which are absolutely known from theory, 
and which are made to vary in accordance with the circumstances of the observations. Let - k; 
denote an observed value under the circumstances whose characteristic is i. If there is no error 
in thi3 measurement, then 

a,x + b,y + c,z +le,= 0. (87) 

If there were three accurate measurements (i = 1, 2, 3), then x, y, z would be accurately deter­
mined; if the three measurements were not accurate, .1·, y, z would still be definitely, though uot 
accurately, determined. Now when there are more than three (i = 1, 2, 3, . · . . n) slightly 
inaccurate measurements, the values of x, y, z determined from auy three observation equations 
will not exactly satisfy the others. As it is not known which observation is in error, all may be 
assumed to be slightly in error, and the vr.Jnes of x, y, z might be found by taking the mean 
values of all determinations. But such a process would i:ot give the most proba'!:>le valnes of the 
unknown quantities. 

In~tead of actually solving all equations for x, JJ, z, suppose t11ese latter to have such values 
as are the most probable under the given set of measurements. Ulearly none of the observation 
equations will now have zero as its right-hand member, but the one whose characteristic is i will 
have a small residual v,, say, instead of zero. If x, y, z have their most probable values, it can be 
shown from the theory of accidental errors that they render the sum of the squares of the residuals 
(1• 1

2 + v2~ + + 1J, 2 + + 1J.2) of then observation equations a minimum.• But the 
minimum of the function 

i=n 
2' (a;x + b,y + c,z + lc,)2 

i=l 
(88) 

is found by equating each of the partial derivatives to zero; for, one can show that Lagrange's 
conditions are Ratisfied for this function.t The three resulting equations (which are the three 
normal et1uations) are 

i=n 
;E <i,(a.,x + b;y + c,z + k,) = O, 

i=l 

i=n 
2;' b,(a,.r + b,y + c,z + k,) = O, 

i=l 

i=n 
~· c,(a,x + b,y + c,z + k,) = 0. 

i=1 

(89) 

For any number of unknown quantities the 11ormal equations will have the above form, and 
their number will be equal to the number of the unknowns. 

Special case. If a., b,, c,, . . . be of the form ~~~( ri~:), where r is an integer ranging 

from 0 to n - 1, all coefficients in the normal equations will be zero except those of the form ::Ea.;2, 
2:.'b;2, Ji:c,2 • . • which are respectively equal to~ except for the case 1· = O, which gives 1 iustea1l 
of 2· The products a, b., b, c, . . . must each be zero because they can be written in the form 

cos A cos B = ~ l cos (A - B) +cos (A + B) ! , 
cos A sin B = 2 l sin (A+ B)-sin (A - B) !, 
sin A cos B = ~ l sin (A - B)+sin (A+ B) ! , 
sin A sin B = 2 l cos (A - B)-cos (A+ B) !, 

(90) 

nncl because the algebraic sum of the sines or cosines of angles which divide a circle into a whole 
uumber (n) of equal parts is zero(§ 27). 
--·-----·-·· .. --·-· .. ·--------------·- --· ·-------

•See any treatise on lcnst squares. 
t See nny standard treatise on differential calculus. 



CHAPTER III. 

THE TIDE-PRODUCING POTENTIAL. 

2fl. The attracting force of the moon upon any particle of unit mass whose distance is D from 
the moon's center is 

1-illf 
-Jft-

whcre 111 is the moon's mass and µ the attraction between unit massed unit distance apart.• 
if lV be such a function that 

(fll) 

Now 

(fl2) 

it is, by definition, the gra1:itationa.l potential of the moon at the point where the particle is 
situated; for, in tile direction of]) increasing, the force is negative. From this equation it is seen 
that the moon's potential decreases as the distance of the particle from the moon increases. If 

T µJlf n = -/)-+constant, (93) 

equation (92) is satisficd.t Let 
r = the distance of the moon's center from the center of the earth, 
p =the distance of the disturbed particle from the center of the earth, 
fJ = the angle at the earth's center betwee~ the disturbed particle and the moon's center. In 

the plane triangle defined by the earth's center, the moon's center, and the disturbed particle, t.he 
lengths of two si<les are r and p, while the included angle is (I. Consequently the remaining side, 
whooe length is D, has the value 

(94) 

Lteplacing D by this value and making the constant zero, (93) becomes 

. lV = - --~--__ pM__ ___ ,,_~ v r2 - 2 r p cos {I + p2 (95) 

Suppose the earth and the particle P to const.itute a system not subject to deformation by the 
moon. The whole system is urged toward the moon just as if each unit particle of the system 
had applied to it the force 

µM 
rz 

acting in a direction parallel to the line joining the centers of the earth and moon. 
components of this force are 

µJl[ 
11ii7, 

(96) 

The 

(97) 

where m1, m2, m3 are direction-cosines of the line joining the centers of the earth and moon 
referring to axes fixed in the earth, the origin being the earth's center. If U denote the pote11tial 

F " . •!I=;. tt; . • . Jt =fl 'Ji= t trJiS:• sin co B = oarth's mass= volume X donsity = 1 tra'o,. 

t It is customnry to givo tho potential a sign such that its value will decrent1e when we go in the direction 
indicated by an arrow representing the force; i.e., tho partial derivatives aro not the forces in the correspornliug 
directions as contemplntod in this chapter, but minus snch forces. 

i:i05 
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at P of this force, it must be such a function ot x, y, z, the coordinates of P, that its partial 
derivations shall be the above component forces. Such a function is 

U = µ__#_ ( m1 x + 1112 y + ?n3 z) + constant. 
rz 

(98) 

If p 1, p 2, p3 denote the direction-cosines of P referring to the axes mentioned in connection 
with m1, m2, ni:;., we have 

.'l:=P1 p, 

=sin i\. sin o +'cos i\. cos c) cos (moon's hour angle), 

where 

;t = the latitude of P, 
o = the declination of the moon. 

T µJl{p . . u = - --
2 

cos fl + constant. 
1· 

(99) 

(100) 

(101) 

(102) 

Now let the system be subject to deformation; in other words, Jet there be an opportuuity 
for P to move relatively to the earth's center or to a rigid nucleus which may surround the center. 
The force causing this movement bas for its potential 

1V- U= v, say; 

or 

µM µMp 
r2 -- cos fJ - constant = V. (104) vr2 - 2 rpcos fl+'p2 

At the earth's center the potential of the tide-producing force must be zero because 1l' au<l U 
are there equal. Making p = 0 and V = O, the constant becomes equal to 

The expression 

may be written 

+ µJlf. 
r' 

.·• V = -,_ ----~---- - µ llf - µ M ~cos 0."' v r 2 
- 2 rp cos fJ + p2 r r2 

1 

! (1 - 2 ~~ cos e + ~)- l. 

This expanded in powers of~ becomes 

------------------------- ---·---------------· 

(105) 

(106) 

(107) 

(108) 

(109) 

• Cf. Laplace Mee. Cel., Bk. III, ~ 23, nnd Ferrel, 'l'i<fal Researches, p. 25. This expression, without the 
term - µMfr, is the disturbing function [), in the astronomical problem of three bodie.~. 
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Po= 1, 

P1 =cos O, 

n _ 3 cos2 
{) - 1 

Lz- 2 ) 

p 3 = ~-cos2 e 2" 3 cos fl, 

507 

(110) 

The P's are functions of () alone and are called zonal harmonics or Legendre's coefficients. 
Equation (106) now becomes 

V _ .M [I!_ (3 cos2 fl - 1) f!_ (5 cos3 
() - 3 cos (J) 

-µ r3 2 +r4 2 + ... ], (111) 

or 

J (112) 

30. Approximate determination of tlte tide-producing potential.• 

Frn. 7. 

Imagine the moon to· be divided into two equal parts, the one occupying the moon's position, 
the other a position diametrically opposite but at au equal distance from the earth's center. 

The potential of the entire moon at any point P uow becomes 

(113) 

+ Po + P 1 E + P2 t; + . . . ), r r 
(114) 

= -·-- Po + P2 - . + P4 - + µMc p2 p4 
1' r2 r . : . ); (115) 

the P's have been defined in § 29. 

J-1 .. M [p2 (3 cos 3 
() -1) "· W= r +µM ? --·2-- + ... } (116) 

Since one-half of the moon is upon one side of the earth's center and the other half upon the 
other side, and at an equal distance from it, the earth's center, and so the solid portion of the 
earth, has no tendency to move. That is, the force tending to move the earth's center is zero; 

.. J [J_ = ~-T! = Ju = 0; 
Jx ,1y JZ 

(117) 

". U = constant. (118) 

* Slm ·Tho111Bon and Tait, Natura.I Philosophy, ~ 804. 
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The tide-producing poteutial is 

1' = lV - U = µ M + µ ]I'[ [f! c~~()S z H - 1) + 
r ~ 2 

. ]- constant. (lHl) 

At the center of the earth V = 0 and p = 0; 

.·. constant= + µ 111• 
r 

(120) 

'fhe required tide-producing potential is, then, 

(121) 

to the third power of !, or of the moon's parallax. 
r 

:n. Proctor's construction. 
The following is Proctor's construction for showing graphically the disturbing influence of the 

sun upon the moon; it is here 
_,,,,.Q used to show the tide producing 

_,,-- \ force of the moon 1l1 upon a unit 
/ ' ,/ \ ~ particle J>. 

::::::t£:~~~~==~;~':, ==.D=~=====~=====-~ It is assumed that the line P1lt .c:: \ .lv/ whose lengtl1 is .D, r(;presentR a 
.E T R ni;! force acting on 1' toward Jlf, the 

magnitude of this force really be-

F10. 8. 

ing µJlf/D2
; that is, the attraction 

of the moon on a unit mass situ­
ated at P. Upon the samP. scale 

RM, where TR= 2BT, represents the attraction, in magnitude and direction, of' the moon upon 
a unit mass at R, the earth's center; or, the attraction of the moon upon the entire earth divided 
by the earth's mass. 'l'he line PB represents both in magnitude and direction the disturbing 
force of Jl[ upon P. 

For, the attraction at JiJ is 

(122) 

or, since Pllf and 1'111 are very nearly equal and BJll = E1' + TAI, it is 

·· 2E1') 
TJII ( 1 - 1'1Jf ' 

or 
Till - 2E1'. (123) 

'fhe line PR, completing the triangle of forces, represents the force tending to. move P relatively 
toE. 

The potential of this force, since its action is relative to E, can be found by integrating the 
force PR or its components along the directions of their action. We shall integrate the component 
PQ along the line JiJQ. 

Upon the same scale as before, the line 1'R represents, because of the remoteness of 111, the force 

(124) 

By construction, 

tan E = 2 tan (}. (125) 
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The angle RPQ is equal to f) + c. The force represente<l by PQ must be 

= (f1lf _ f1ll\_~_cos2_[!___-1 1 D 2 r2 _) 2 cos f) 

= µM - + ---;-- cos (} + (
1 2p 
r2 rz 

_ 1 \_ _?~os2 fl_~ 1 , 
r 2

) 2 cos () 

= µ.il~ P (:l cos2 fJ - 1 ), • · 
r 

neglecting higher powers of the moon's parallax. 

. . - -.- (3 cos fl - l) Jp - - ,- - +constant. . v-f 11lllp 2 _ pMp2 3 cos2 fJ - 1 • 
~ ~ 2 

The tangential component at P of the force PR has for its value (}R, or 

But this is 
CµM µM\ . ( + fl) 3 µMp · n fJ «<. )JT - 7 _) sec c sm c = - ,.:i-- sm u cos . 

-JV 
pJ{)--. 
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(126) 

(127) 

(128) 

(129) 

(130) 

(131) 

(132) 

Hence the constant in V. contains neither p nor R; in other words, it is the same for all points of 
the earth. .At the earth's center it is zeroi and must remain so for all positions of 1'. 

• T _ µlffp2 3 cos2 H -1 . . 1 - .----3- - ---····) ---· .• 
r ""' 

.)2. Spherica.l ltarmonic e:J1iression for 

COS
2 

(} - rr· (134) 

By§ 29, 

From analytical geometry we have 

111/ + '111/ + 111} = 1; 

and so of course 

(137) 

From these relations it follows that 

(138) 

•Cf. values of-I', -1~ p. 2:i, Gotlfrny'8 Lunar Theory; Tl10mson nn<l Tait, Natural Philo8ophy, ~ 812. 
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The reason why cos2 8 - ! should be expressible in this form is given below, but the verification 
can be made in the manner just indicated. It may be noted that because of the symmetry in (135), 
(138) must be symmetric in p,, pz, p3 aud m,, mz, 11t3. 

The reason why 

should be exT}ressible in the terms of 

Since by (99), (100), 

aud since 

(139) 

(140) 

(141) 

(142) 

(143) 

p2 (3 cos2 () -1) must be a (rational, integral) homogeneous function in x, y, z of the second order. 
The property possessed by the functions (140) is that they (and so any function of them of 

the form Ao (x2 - y2
) + B 0 x y + 0 0 x z + D0yz + E 0 (x2 + y2 

- 2 z2), the coefficients being any 
constants) satisfy Laplace's equation 

;fF J2 F J2 F 
3;v2 + Jyz + Jz2 = o (144) 

where F stands for any one of the quantities x2 - y2
, etc., or any combination of them of the kind 

just given. Other homogeneous functions analogous to (140), such as 

x2 - z2, yz - z2, x2 + z2 - 2 yz, yz + 6 yz - z2, 

which are made up from (140) by using suitable coefficients .A.0, B 0, etc., are not independent solu­
tions of (144) if (140) be regarded~ such. 

It can be shown that if 

,/, r..:l (3 cos2 8-1) zp 11 np 'i'=,., --2-- or p 2; or, more genera y, p .. ; 

then 

But this equation is a particular form of 

J2rfi J2rfi J2rfi 
{)xz+ Jyz+ {)z2= 0, 

(145) 

(146) 

(147) 

so that any solution of (146) is alRo a solution of (144). Since rfi or p2(
3 cos; 8- 1) is a solution of 

(146) and, as has just been shown, is a homogeneous function in x, y, z of the second order, ifi must 
be some form of F. 

In like manner it can be shown that because p3 rn cos3 8-~ cos 8) satisfies (146) and is a homo­
geneous function in x, y, z of the third order, it must satisfy (144). 

33. To show that, by the equilibrium theory, the attraction of the moon produces 8pherical har­
monic deformations of the ocean and also that such deformations are consistent with the equation oj 
continuity. 

•Easily proved liy direct s11hstitution in (146) for any particular case required in tidal work. For the general 
proof, !;eo Ferrera, Sphericul Harmonic8, pp. ·1-10. 
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Since the tide-producing potential represents work, viz., the force of terrestrial gravity multi­
plied by the height of the tide, the height at various places must be the tide-producing potential 
divided by g. But g may be regarded as constant, aud so the height of the tide will be propor­
tional to V, and so a spherical harmonic deformation. 

Suppose everything stationary, and let p denote the radius rector of the free surface of the 
sea; the earth will assume the form of a solid of revolution whose equation is 

[
p2 /3 cos2 8 - 1) p 3 (5 cos3 fJ - 3 cos 8) 

p=a+c r3~--2-- + r4 2 + -], (148) 

or 

p = a+ 
02 

pz 3 cos2

2
8 - 1 + 

03 
p3 5 cos3 8; 3 cos B, (149) 

where c., c.i, ~ are small quantities. 
But this value of p satisfies (146), showing, as will be noted in § 35, that the equation of 

continuity is satisfied, or that no volume is lost or gained by the deformation. That is, the 
volume generated by revolving the curve 

+ 2 3 cos2 8-1 
p :r a CzP ·2 ' (150) 

or 

+ 3 5 cos3 8 - 3 cos 8 
p=a ~p 2 ' (151) 

or 

_ a + "- n2 3 cos2 fJ - 1 3 5 cos3 8 - 3 cos () 
P- ~,,J 2 +c3p 2 ' (152) 

about the x-axis• is equivalent to the volume of the undisturbed sphere of radius a. This may be 
shown independently and as follows:. 

or 

In the first instance, since p is nearly equal to a, p = .; x2 + y2 =a+ Oz(! x2 - 2- a2
); 

• •• x2 + yz = az + aez (3 xz - az), 

a2 (1 ~
2 

2 ac
2

) + az(I_Y~ ac;) = 1. 

The volume of the ellipsoid generated by revolving this ellipse is 

= t 7Ca3, neglecting terms in 0z2
• 

In the second instance we have 

The required volume is 

taken between the limits 

This is, neglecting terms in cl, 

x =a+ a 3c3, 

x= -a+ a 3c3• 

(153) 

(154) 

(155) 

(156) 

(157) 

(158) 

* In this nnd tho uoxt p:migrnph, the coiirdiunto uxo8 nro taken with rl'foronce to the instantaneous spheroid, 
tho x-axis pa8sing through tho disturbing body, :md aro not fixed in tho earth 118 is usually tho case. 
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34. Further illustration. 
A surface of equilibrium or a lei•cl surface is one which has the same potential at all its points. 

Supposing the earth to be a sphere without rotation, and the moon divided as in § 30; any surface 
of equilibrium has for its equation 

µE +,\-µJI[[· 1 + 1 J =constant"' 
p - D' D ' 

(159) 

E denoting the earth's mass. Because the water of the sea is incompressible and because the 
action of the moon is symmetric about a line joining the centers of earth and moon, the surface 
whose equation is (159) must cut a perfect or undisturbed sphere in two small circles whose planes 

I 
I 

\ • ' 
' ' ' ' ' " 

true when p = a or 11 = 0. 

FIG, 0. 

',, 
' ' ' \ 

I 
I 

a' Toward the Moon 

are perpendicular t-0 the line 
joining the eenters. Let tt = 
the radius vector of the :-nr­
face (159) at these small cir­
cles, = the mean radius of 
the undisturbed sphere. If 
now we write 

p =a. (1 + 11), (rnO) 

au is a very small quantity 
in comparison with a and 
represents the variation of 
p from a constant value a. 
Since (159) is true for all 
possible values of p, it is 

Developing (159) and putting p =a we have, as in (115), 

J = constant. (161) 

Now 2 P2 = 3 cos2 fJ -1,. ·. if we make cos {} = _} , J>2 = 0. Hence, if we omit all terms beyond v3 
2 

Pi ai_ in the brackets as lieing comparatively small, (161) becomes 
r 

µE µJlt a-+---, ... = constant. (Hl2) 

'Vriting this value for the constant and putting p =fl (l + 11), equation (Hi9) giYes upon 
development 

E 
(1- u + 1t2 

-
(I, 

Omitting the second a111l higher powers of u as being very Hmall, we have from (163) 

1lf a:I 
11 = }J 1.:11'2, = 2 ff 1 

1'2 = a' Cl cos2 H - 1), say. 

When 

11{ (.(I , 
H = O, n = = J (f'; Rr:• 

--------------·------· - - ·----------------
•Seo Thomson and Tait, Natural Philosophy, §9 800, 804. , 

(1U3)' 

(164-) 

Taking into account tho earth's axial rotation, the potontin! of the centrifugal force is 1 oo•d' where w is pnt 
temporarily for angular velocity mu] d for the distance of any point from the axiH. Thh1 should he nd1led to tho left 
siifo of.(15!J). 
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when (165) 

(} - 900 - , .Af a3 - - , _ , 1t - - rf E. . . 3 - a. 
- fl r 

Xow au represents the inequality in tho radius Yector of the surface of equilibrium. If the 
surface be an eJlipsoid of revolution, the section maclo by a plane passing through the centers of 
the earth and moon must be an ellipse having semiaxes a(l + 2 a') and a(l - a'), respectively. 

For the lunar tide, a a'= 0.59 feet; for the solar, 0.27 feet. The equation of such an ellipse is 

(166) 

Now write 

,'); =-p cos (}, 

]/ = fJ sin e, (167) 

p = <t (l + u), 

and (lGG) becomes 

(1 + u)
2 cos~_!!+ (~ j-_19=-~~n_:_H _ 1. 

(1 + 2 a')2 (1 - a 1
)
2 

- ' 

.•• tl = a 1 (3 cos2 fJ - 1), (169) 

which agrees with (1G4), and shows that the variation in pis such that the section made by the 
plane passing through the centers of the earth and moon is an ellipse. 

To show that the condition of continuity is fulfilled, tlrnt is, that no volume has been lost or 
gained by the deforming action of tlie moon, it is only necessary to remember.that the volume of 
the ellipsoid is 

;7t a.:1 (l + 2 a') (1 - a') (l - er'), 

= tr7t n~ (1 + 0 a' - 3 rr' 2 + ); (170) 

when a' js so surnll that all powers beyond the first may be neglected. Bnt this is the volu111e of 
a sphere whose radius is a. 

In obtaining (Hi3), cos fl was arbitrarily put equal to J~ in order that /'2 migl1t be equal to 

zero. The reason for thiR is that for some value of ti we know that tlte ticle-producing potential 
mu~t he zero; a1id to the degree of approximation here assumed, this potential is ' 

pJ[p2 I' 
. r" . z. (171) 

35. GitJen the displacement of .~ca lercl, to show tha.t the displa.ccment potential is of the .rn111c form 
as the tide-producing potentin.l an<l satisfies tltc equation of continttity. 

We have seen that the displacement of the sea level in a vertical direction, i.e., al011g- a radius 
of the earth, is · 

a.a' (3 cos2 11 - I), (172) 
or 

pa' (3 cos~ r! - 1), (17:)) 

since n and pare sensibly equal. 'l'he volume of watm· moved i11 any small displaceme11t of a level 
snrface iR its thickness multiplied by its horizontal area; that is, in the case nnde1· consideration, 

{JlX 1 (3 COS2 
{) -1) dS, 1174) 

G.184--3;J 
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where dS represents the area of an elementary portion of the surface. TlJe entire amou11t of 
outward and inwal'd displacement must be equal to zero, since the volume inclosed by the level 
surface remains unaltered. 

. ··ff pa' (3 cos2 (j - l) dS = 0. (175) 

The displacement potential"' is such a function of the coordinates that the differential coefficient 
with respect to a coordinate represents the <lisplacement along that coordinate. Denoting this 
function by </J, it must be such a function of the coordinates that 

In this case we have 

JefJ =displacement along radius. 
Jp 

J</J =pa' (3 cos2 (j - 1) 
Jp • ' 

2 

. ·.¢=%a' (3 cos2 8 -1), = p2a1P2 , 

to which any constant may be added. Thus it is seen that <P satisfies (147). 
In general, letting n denote the normal to the surface S, 

fJJ<PdS=O J.J Jn ' 

(176) 

(177) 

(i78) 

(179) 

when the integration extends over the entire closed surface S; that is, there is as much outward 
as inward displacement when the volume inclose<l by S remains unaltered. 

To show that (170) is satisfied, first determine an expression for dS. The element of surface 
generated by revolving the short line of length p d 8 about the x-axis is equal to 

p2 sin 8 d B, = dS. (180) 
The question ts, Is 

ffi~dS=O (181) 

when the integral is taken over SY This integral becomes 

j >;r 

2 p 3a' sin B (3 cos2 8 -1) dB, 
) 

= 2p3a' [ 2 j~~n & dB - 3 J~n3 B dB], (182) 

= 2 p 3a{ - 2 COS {j ]~ - 2 p3
(X

1 
[!COS 3 {j - ~- COS {j ]~ = 07 (183) 

as might have been inferred from the fact that <P satisfied (147). (147) is another form of the 
equation of continuity, as can be shown by com1idering a small displacement of au elementary 
volume. 

The higher spherical harmonic deformations admit of Rimilar treatment. 
36. Alteration in the tide-producing potential, and so in the height of the tide, caused by the mutual 

atf.ra.ction between the fluid particles constituting the tide wai,e. 

The figureH of the heavenly bodies depend on the law of gravity at their snrfnccs, and as this gravity is the 
resultant of the attraction of all thoir particle~, it mm1t al~o depend on their fignres; therefore the law of gravity, 
at tho surfaces of tho heavenly bodies, and their 1ig11rcs, havo a mutual connexion, which renders tho knowledge of 
tho one necessary for the determination of tho other. Ju co11scquonce of this, the investigation becomes very 
difficult, and it seems to require an analysis specially a1lapted to the Huhject.-(Laplacc, Book III.) 

•Seo Ibbetson, Mat.homatical Theory of Elasticity, p. 57. 
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So far in this chapter, the mutual attraction of the water particles has been disregarde1l in 
the tide-producing potential. Practically nothing is lost by so proeeeding, because the continents 
and the inertia of the water do not permit the tide to assume a Rpherical harmonic deformation. 
A complete statement of the equilibrium hypothesis requires this :;;ource of disturbance to be 
noticed, and to that end an application of the special analysis referred to by Laplace will be given. 
It may be here noted that Newton took account. of the mutual attraction of the particles in his 
theory of the figure of the earth, and in his tidal theory derived therefrom.• 

A spherical hannonic distribution of density of attracting matte1· or, icltat amounts to the same 
thing, a thin attracting layer of corresponding thickness, on a spltericalsurfacc,produces a .~imilar and 
.~imilarly placed spherical lw.nnonic distribution of potential over any concentric spherical surface 
throughout space, external and internal. 

Let us ascertain the potential of such a spherical surface at poi11ts along the axis of symmetry 
for the distribution (or thickness), taking the center of the sphere as origin; then by replacing 
the distance on the axis from the origin by p, the distance of any point in space from the origin, 
and multiplying each term of the developed potential by a surface l1armonic of the proper order, 
the resulting expression of the potential is true for points whether upon the axis or not. 

For an internal point we know that the equation (147), often written 9 2 Y =0, must be satisfied 
because (see§ 32) auy term of the form p• P,. is a solution; consequently an expression involving 
the Rum of such terms must be a solution; and it is the required solution because when () = O it 
reduces to the expression known to be true along the axis. 

'.l'he expression applying to external points is a solution of 9 2 V = 0 whose terms are or tile 

form -!:_,, +, P,,. t 
p 

Denoting the equilibrium height of the tide by 

(184) 

the density of the water by 11, then the mass of tidal water in a zone whose width is a dfJ is 
evidently 

! a3 .c '1t O' sin () P2 d 8. (185) 

The distance from this zone to a point in the axis distant z from the origin is 

or 
(186) 

Writing temporarily µ' for cos 8, the quotient of (185) by (186), i. e., the gravitational potential 
due to the elementary zone, becomes 

for an external poi11t on the axis, or 

! a.3 ~ '1t <J P2 d µ' 
- (z2-2 az µ+a2)' f, 

•Principia, Bk. I, Prop. 91; Bk. HI, Props. 19, 36, nnd 37. 
t Ferrera, Spherical Harmouics, pp. 1, 2. 

(187) 

(188) 

(18!1) 

t The quantityµ of 11 29 does not, of course, eutor into the expression for :s:, uud so is in this parngraph taken 
ns unity. It may he explicitly introduced as a factor into (192) und (194). 
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for an internal point. Integrating (188) between the limits µ'=+1 and ;i'=-1, we have, sinee 

J
-1 

P. P,., d 1i'= O 

+1 

provided n and m are unequal positive integers, and since 

p 2 ,z p'=- ____ 2 ,• l
'-1 

" 2 n+ 1 
I +1 

j_ l! • .c ,r ff 
3"&a·'--zs-· 

(190) 

(191) 

(192) 

Now, taking any external point, replace z by p, its distance from the origin, and multiply by 1'2• 

TbuH we obtain for the potential of the spherical shell 

(193) 

Similarly for the higher harmonic deformations of water. This, ad(led to the tide-producing poten­
tial of the moon gives for the entire tide-producing potential, to terms of the third order in 1/r, 

1ll p2 P 2 a~ > 
-----3 - + -llL -3 ,C 7t: ff } 2• r- 5 p· 

This must be equal tog fi- <t .e P2 or the work accomplished in elevating the water; 

. ·. putting p = a. 

a Jlf .c =.a. -- ----· ---- ··-·----·- ..• 
2 r=i , 71: a 6 ) 

g ( l- . .!l....·J!.----
1 &.2 g 

But 

E 
g = a2 = :t· 7( {lo, 

since E = t 7t: a 3o,, o, being the dem1ity of the earth, 

•·. The equilibrium height of tide, or 

J/a 1 
.· . .c = ~ ·1 ·1·- ·:1----;.,,-' rg -r,<J, 

.M (l,J l 
= ~~1'Jr3"f:.:... * ff7r'f." 

~- n .c 1'2, = ~lf ~i -- 1 P2. 
· Er3 l--i!-<r/o,· 

(194) 

(195) 

(196) 

(197) 

(198) 

When the density of the fluid (6) is zero, the equilibrium height of tide or the tide-producing 
potentials is that found iu the preceding paragraphs, or Euler's result. \Yhen c\', is taken equal 
to o-, the equilibrium height is% times as great, or Newton's result. As a matter of fact <J / o, is 
only about 2/11, and so the equilibrium tide would not be greatly increased because of this mutual 
attraction.t For <J= O, range of semidiurnal tide at the equator= a c = H = 3 aa', §§ 41, 47, Part I. 

*Ferrera, Spherical Harmonics, p. 17. 
t Cf. Thomson and Ta.it, Natural PhiloHopily, 1\~ 815-817. Harkness, t;olar l'ara.llax, p.139, makes o,/6=5·5i(i·± 

0•016. 



CHAPTER IV. 

DEVELOPMENT OF THE TIDE- PRODUCING POTENTIAL. 

37. The tide-producing potential of' the moon at any given point depends upon the geographic 
position of the point and upon the particular time chosen. Of course the direction and distance 
of the moon enter into the value of this potential, but they are both functions of the time. Con­
sequently the expression of this potential should be in terms of' the coordinates of the influenced 
point and functions of time. l\foreover, since the tide-producing causes are periodic in their 
character, the time functions should be simple harmonic functions; that is, functions consisting of 
terms of the form A cos (at+ a) or A sin (at+ a) where A, a, and a are constant, while t, the 
time, varies uniformly. 

If c denote the moon's mean distance (i. e., the semiaxis major of the orbit), and e the eccen­
tricity of the orbit, the latus rectum has for its value c (1 - e2

). If 'U11 denote the longitude of the 
perigee from the intersection of' the orbit with the plane of the equator and l the longitude of' the 
moon from the same origin, both reckoned in the plane of the orbit, l - r;;, is the moon's true 
anomaly. The polar equation of the ellipse representing the orbit, taking the origin at the 
focus, is 

c (1 - c2) 
r =l+ecos(l-'UJ,). (199) 

Since the most important part of the tide-producing potential Y, § 29, depends upon the third 
1 

power of r' we cube both members of this equation and obtain 

[
c (1- c2)]3 

r = 1+3 e cos (l - 'UJ,) + 3 e2 cos2 (l - 'UJ,) + tfl cos:1 (l- 'UJ,) + . , 

0 2
cos2(l-'U1,) 

= 1+3 (!cos (l - 'UJ,) + ,., c .. --2 ... -- + . ' (200) 

where terms having the factor c:1 are omitted. 
If <51 denote the moon's mean longitude measured in her orbit from the intersection, and G51 

the mean, as well as the true, longitude of the perigee measured in the same way, the mean 
anomaly will be 0 1 - rv,. The solution of Kepler's problem, § 23, gives the equation 

(201) 

'fhis value of l substituted in (200) gives an expression for 

(202) 

in terms whose angles or arguments vary uniformly with the time. 
The next step is to express cos2 () _ & in functions whose angles vary uniformly with the time. 

I ts value as given by ( 138) consists of functions of ]11, p2, p 3 and m1, 11ii, ·m3 ; but as Pi, p2, p 3 depend 
ouly upon the position of the disturbed particle with respect to axes fixed in the earth, they do 
not involve the time. We have, then, to express them-functions, or quantities proportional to them, 
by means of functions whose angles vary uniformly with the time, 

517 
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Suppose the moon's orbit to be a fixed circle of the celestial sphere concentric with the earth; 
then its inte1·section with the celestial equator is a fixed point to which the rotation of the earth 
maybe referred.• Let the z-axis be the one about which the earth rotates, carrying with it the x­
axis and the y-axis which lie in the plane of the equator. 

Let x denote the right ascension of the extre11Iity of th,e x-axis reckoned from the intersection. 
Fig. 10 shows the appearance of the cele,.;tial sphere viewed from without. The meridional 

arcs .Tz, yz revolve in the direction indicated by the arrows. If Jll denote the position of the moon, 
her true longitude from I being l, then 

m1 =cos Jlfx, m2 =cos },fy, m3 =cos 1lfz; 

. • • m1 = cos l cos x + sin l sin x .cos I, 
mz = -cos l sin x +sin l cos x cos I, 

m3 = sin l sin I. 
(203) 

We may observe that rn.i is derivable from mi by putting x + ~ 7t in place of x. 

Now, for brevity, let 
p = cos ~I, q = sin ~ I ; (204) 

then 
m1 = p 2 cos (X - l) + q2 cos (x + l), 
m2 = - p 2 sin (X - l) - q2 sin (X + l), (205) 
m3 = 2 pq sin l • 

• •• m1
2 

- ml= p 4 cos 2 (X - l) + 2 p 2q2 cos 2 x + rt cos 2 (x + l), (206) 
- 2m1 m2 =the same with sines in place of cosines, (207) 

m2 1nJ = - p 3q cos (x - 2 I)+ pq (p2 
- qz) cos x + pq3 cos (X + !:l l), (208) 

mi m3 = the imme with sines in place of cosines, (209) 
?\ (m1

2 + rn,/- 2 ml)=?\ - ml=~ (p4-4 p 2q2 + q4
) + '.! PV cos'.! I. (210) 

If for l in these expressions we put its value given by (201), the m-functious, and so cos 20 - ~' 

will be expressed as functions of angles all of which vary uniformly with the time. Consequently 
we are now able to express in like manner the entire function, (121) or (133), 

V a µJlf 2 ( ze 1) = " -r 3 /J cos -:r . (211) 

For convenience, put 

X= [~\ e2l] ~mi, Y= [(l__(!r e2)]~ 111 2, Z= [c (\:--<?)] ~·m3; (212) 

equations (138) and (211) then give 

, µM z P12-pz2 xz_ y2 • r. 
V-:- t 03 (l 1?)3 p =2 Pi Pz XY +2 - -!:l -- - --2-- --+2 Pz p3 YZ 

2 Xz 
a P12+P22-2 pl X 2+ Y 2-2 Z 2 

+ Pi p3 :1+ ~ 3 3 · (213) 

•Tho intersection is here tmppose<l to move only as the NJ.Uinox moves. 
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38. Before completely expressing the functions, X 2 - Y2 XY, etc., as simple harmonic functions 
of the time, it is of interest to examine the special case where the moon's orbit is assumed to be 
circular instead of elliptical. Since e=O, equation (201) gives l=l.'>1 ; 

.•. X 2-Y2=p4 cos 2 (X- 6,)+2 p 2q2 cos 2 x+q4 cos 2 (X+61), (214) 

-2 XY =P4 ein 2 (x-61)+2 p 2q2 sin 2 x+q4 sin 2 (x+ 6,), (215) 

YZ=-p 3 q cos (x-2 6,)+pq (p2-q2) cos x+pq:1 cos (x+2 <r,), (216) 

XZ=-p3q sin (X-261)+pq (p2-q2
) sin x+pq3 sin (x+2 6 1), (217) 

1\ (Xz+ Y2-2 Z2)=~ (p4-4p2q2+q4)+2 p 2 q2 cos 2 6 1• (218) 

From this it appears that there are three classes of tidal causes, and so(§ 14) three classes 
of tides: i< 

Semidiurnal tides, period about one-half day. 
Diurnal tides, period about one day. 
A fortnightly tide, period one-half tropical month. 
'rhe constant term in (218) indicates a permanent change in sea level because of the existence 

of the moon. 
From§ 13, the hourly variation in xis y=l5·0410686, and in 6 1 it is 6=0·5490165; consequently 

the component tides have for speeds the following values: 

2 (y- 6) = 28·9841042 = m2, 

2 y = 30•0821372 = k2, 

2 (}' + 6) =31·1801702=­
y - 2 <J = 13·9430356 = 01, 

y = 15·0410686 = k1, 
y + 26=16·1391016 = oo, 

2 <J = 1 ·0980330 = mf. 

(219) 

The relative size of the components occurring in any particular X-Y-Z function can be roughly 
determined by putting p =cos~ (230 27'·3)= 0·979 and q =sin 2- (23° 27'·3)= 0·203. Upon inspect· 
ing Y Z or X Zit is seen that the amplitude of 0 1 is a trifle greater than that of lunar K 1• 

39. A natural way for developing the function X 2-Y2, say, is indicated here, the work beiug 
carried to terms in c2 : 

X2 _ y2 = o~J_~_:::-:- e
2

) rp·1 COS 2 (X - l) + 2 p 2q2 cos 2 X + q4 COS 2 (X + l)], 
r' 

= [ 1 + it C
2 + 3 C COS ( l - riJ) + ! c2 COS 2 ( l - riJ I) + 

x [p4 cos 2 (X - l) + 2 p 2 q2 cos 2 X + q' cos 2 (X + l) ]. 

lt is obvious that if l in this product be replaced by its value 

(220) 

(221) 

(222) 

xz_ Y2 will become expressed in terms involving only such angles as vary uniformly with the time. 
The actual development will show that the terms are all simple harmonic functions of the time. 
It may be remarked that all angles involved in the above product are of the form Y• ::!: l, or y1 ::!:3 1, 
y1 having different values for different terms. 

----- ... ---- -----------·· ------
*Cf. Thomson 1ind To.it, Natura.I Philosophy, § 808. 
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and similarly for cos (Yz ± 2 l). Because e is small we can write 

2e1:1in (<T,-fil',) +te2 sin 2 (cr,-fil',) fur sin [2 e sin (<T,-fil',)+t e2 sin 2 (cr,-fil',)] (224) 

and 

(225) 

Upon following out the work indicated, and reducing by elementary trigonometry, the function 
X 2 - Y 2 becomes expressed in a series of cosine terms, all angles varying uniformly with the time. 
From the expression for X 2 - Y 2 analogous ones for -2 XY, YZ, and XZ may be obtained. 

Instead of the above, the following method, used by Darwin, is chosen because of certain 
symmetries which it puts in evidence: 

'l'he ni-functions contain trigonometrical functions of the form sin (2 l + a) and cos '2 l + a) 
Let 

then 

x2 - Y2 = p4 <I> ( - 2 x) + 2 p2q2 1P (2 x) + rt if> (2 x), 

2 X Y = JJ 4 <l> [ - 2 (x + i-)] + 2 p 2q2 VF [ 2( X + ~- ) ] + rt <l> [ 2( X + ~)] , 

k (X 2 + Y2 - 2 V) = ~ (p4 
- 4 p 2q2 + q1)R + 2 p'f" <P (0 1 

if>(a) = R cos (2 l +a)= (1 + t t?) cos (2 l +a) 
+it e [cos (3 l +a - 1i11 ) +cos (l +a+ fil'1)] 
+ !l e2 [cos (4 l + <K - 2 fil',) +cos (a+ 2 fil'1)] 

+ ... ' 
P(a) = R cos a= (1 + ~ e2) cos a 

+ ~ e [cos (l +a - 1i11 ) +cos (l- a - fil'1 )] 

+ !l e2 [cos (2 l +a -2 fil'1 ) +cos (2 l- a - 2 fil',)] 
+ .... 

Replacing l by its value, we obtain, after suitable reductions, 

<l>(a) = (1 - lf e2) cos (2 0 1 +a) - ~ e cos ( <51 +a+ fil',) 
+ t e cos (3 o 1 +a - 1i11 ) + ¥ t? cos (4 <51 +a - 2 011 ) 

+ ... ' 
VF( a)= (1- tr e2) cos a+ f e fcos (er,+ a - 01,) +cos (<T, - a -011 )] 

(226) 

(227) 

(228) 

(229) 

• (230) 

(23i) 

(232 
) 

(233) 

(234) 

+-£ e2 [cos (2 o, + <K - 2 fil',) +cos (2 er, - a - 2 011)] + . . . (235) 

By§ 37, 

R = 1- ~ e2 + ;5 e cos (o, - 01,) + t e2 cos 2 (<51 - fil',) + • • • • (236) 
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By giviug to 1t the values - 2 x, + 2 x, etc., which occur in the expressions X 2 
- ¥2, 2 Xl', 

YZ, XZ, k (X2 + Y2 - 2 Z2), their developed values are obtained as far as terms in e2• 

X 2
- Y2 = (1 - v C2

) IP4 cos 2 (X - o-,) + <t cos 2 (X + o-,)] + (l - t e2) 2 p2q2 cos 2 x 

+ t e IP4 cos (2 X - 3 0 1 + fil,) + q4 cos (2 X + 3 0-1 - fil,)] 

- ~ e [p4 cos (2 x - 0-1 - fil,) + q4 cos (2 x + o. + fil,)J 

+ ·~ e 2 p 2q2 [cos (2 x + 0-1 - fil,) +cos (2 X - o-, + fil,)J 

+ ¥ e·i [p' cos (2 x - 4 <J, f 2 fil,) + <t cos (2 x + 4, o, - 2 fil,)] 

+ t e2 2p2q2 [cos (2 x + 2 ff, -2 fil,) +cos (2 x - 2 o + 2 fil,)J. (237) 

From (227) and (228) it may be inferred that the expression for - 2 XY is deducible from that 
of X 2 - Y 2 by putting sine in the place of cosine. The same inference may be made otherwise. 

For, - 2 m 1 111,z = - 1 ~ (mi~; m:~; and since R, does not contain x, 

_ z ~(Xl-Y2)= _ ! dJ~~t12 -:::-~11,z2 )] = _ z Rd (mi~ 1112
2

) = _ :! u 1111 1112 
dx - dx dx 

= -2 XY. (238) 

But ~P-Y2 consists of cosine terms only; therefore - 2 XYis the same expression w~th sines in 
the place of cosines. It will not be necessary to write out the expression for - 2 XY because thCJ 
coordinate axes will be so taken as to reuder zero the term of JT which contai11s it. To obtain 
the expression for YZ from that of X 2 - Y2, change 2 x into x, p 4 into - p 3q, 2 p 2q2 into pq (p2 

- q2
), 

and qi into p q3• Becam;e of the choice of axes, the term of V containing YZ will also disappear. 
The expression for XZ is obtained from that of YZ by writi11g sines in the place of cosines . 

. . XZ = - (l - ii'. e2) [p3q sin (X - 2 cr,) - pq3 sin (X + 2 <J,)] 

Finally, 

+ (1 - fr c2) pq (p2 
- q2

) sin X 

-t e [p3q sin Cr - 3 o, + fil,) - pq3 sin (X + 3 ('j' - fil,)] 

+ ~ e [p3q sin Cr - cr, - fil,) - ;pq3 sin (X + u, + fil,)] 
+ -~ c pq (p2 - q2

) [sin (X + cr, - fil,) +sin (X - o, + fil,)] 
- i.; e2 lp3q sin (X - 4. o-, + 2 fil,) - pq3 sin (X + 4 rr, - 2 fil 1)] 

+ t e2 pq (p2 - q2) [sin (X + 2 ff, - .:! fil,) +sin Cr - 2 <5 1 + 2 fil,)]. (239) 

k (X 2 + Y2- 2 Z2) = t (p4 -4 p 2q2 + <f) [(1-fr &) + 3 c cos (<J, - fil,) +-H- c2 cos 2 (cr, - fil,)] 

+ 2 p 2q2 [(l - i; e2
) cos 2 if1 + t e cos (3 o·, - fil,) - z c cos ( <r, + fil,) + J..l e2 cos (4 <J, - 2 fil,) I· (:!40) 

'l'hese, then, are the required developments as far as terms in e2. 

40. Tho obliquity of tho ecliptic is 23° 27'·3, and I oscillates between 50 8'·8 grc1tter und 5c 8'·8 less thuu tlrnt 
value. The value of q or sin t I, when I is 23° 27'-,3, is ·203, and it!! square is ·041, and its cube ·0084. The eccen­
tricity of the lunar orbit e= ·054!l; honco q' is a little smaller than e. 

The preceding developments ha Yo been carried us fur use", prinoipnlly on o.cconnt of the terms involving 1l c•, 
which, as e is about 11;., have nearly the sumu magnitude ns if the coofllcient hull been t e. 

It is proposed, then, to regard q' and q' 11.l! of the s1w10 ordur use, und to drop all t.urms of the order c'', except 
in the cuso where tho nwnerical factor is large. This rulu will bu uogluctc<l with regard to ono term for a special 
reason, which appears below; nn<l for another, bocnuoe tho numerical ooetlicient is just sufllciontly large to make it 
worth retaining. 
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Adopting this approximation, we may writo (237), (239), (240), thus,-

X 2 - Y 2=(1-y C°') p 1 Coli2 (X-6,) + (1-~ e•) 2 p• q• COB 2 X 

+ ~ e JI' COB (2 X -3 6, +GI,) 

-t e p2 [p" COS (2 X- o', - GI,) --6 q• COB (2 X- o', + ai,)] 

+v e• p• cos (2 x-·i 6, +2 GI), 

X Z= - (1- -'-.f e•) [p'' q sin (X-2 o',)-1J q'' sin <x +26 )] 

+ (1 - ~ e2 ) p q (p•-q>) sin x- ~ ep3 1J sin (x-36 + ai,) 

+ ! ep q [p• sin (x- 6, -GI,) +3 (p'- 1J2) sin (X- 6, + ai,)] 

+ ~ e p q (J>' - q') sin (X + 6 - GI ) - I/ e• p3 q sin (X - 4 61 + 2 ai,), 

t (X 2 + Y" - 2 ZZ) =-It (11• - 4 J>'' q' + q•) [(1 - ~ e') + 3 e cos (o, -·- GI,)] 

+ 2p•q• [(1-\l e') cos 2 <5, + ~ e cos (3 <5 1 - m,)]. 

(241) 

(242) 

(243) 

Tho terms which have boon retained in violation of tho rule of approximation arc t!Jat in X" - P with argu­
ment 2 x - o, + G1,, and that int (X 2 + Y• - 2 Z•) with argument 3 61 - ai,. 

Tho only other term which could have any importance is 

~ "2 p• q• cos (2 x + <5, - m,) in X• - Y•. * (244) 

Since the motion of the lunar perigee is slow, the two terms in X 2 - Y2 whose arguments are 
2 x - <J, - 'OJ, and 2 x - <Y, + 'OJ, may be combined into one having a slowly varying amplitude 
and period. This is done by putting the bracketed portion of 

- 2- e p2 IP2 cos (2 X - <Y, - 'OJ,) - 6 q2 cos (2 X - <Y, +'OJ,)] 

into the approximate form 

P v p 2 
- 12 q2 cos 2 'OJ, cos (2 X - <Y, - '01, - R) 

where 
. ? 

tan R = . sin,.. 'GJ, 
-} cot2 2- I - cos 2 '011 

Because 

2 x - if, + '01, = (2 x - <J, - '01,) + 2 '01,, 

p 2 cos (2 x - <Y, - 'GJ,) - 6 q2 cos (2 x - <Y, - lil',) 

may be written 

(::?-l.i) 

(24B) 

(247) 

(248) 

(p2 
- 6 q2 cos 2 'GJJ cos (2 x - <Y1 - '01,) + 6 q2 sin 2 '011 sin (2 x - ff, - '011). (249) 

If we assume this equivalent to 

pf' cos (2 X - <Y1 ---iii, - R), (250) 

then from comparison with expression (247), 

tan If,= ___ 6 q
2 si~~-~- .. = ___ sln ~ _7!!_, -- , (251) 

p2 - 6 q2 cos 2 '01, t cot2 2- I - cos 2 '01, 

<l f 12 = p2 - 12 q2 COB 2 '011 + 36 JJ21 (252) 

f' = vp'i - 12 qi cos 2 '01" approximately. (253) 

• B. A. A. S. Report 1883, pp. 57, 58. Small type in the text gen<'rally implies direct <JUOtation, as a hove. 
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The two terms thus combined may be written 

(254) 

that is, the term having 2 x - er, + r;:f, for argumeut simply produces a slow variation in the 
amplitude and period of the predominating one whose argument is 2 x - er, - r;;,. Since 2 I is 
always less than 15°, the denominator of tan Bis always positive and so R must always lie in the 
first or fourth quadrant. 

In X Z occur the terms 

(255) 

These might be combined into one having x - er, + r;:f1 as argument, and whose amplitude and 
period would be subject to slow variations. But as either argument is nearly equal to x - <Y,, it is 
convenient, as will afterwards appear, to suppose a component of argument x- <Y, having a slowly 
varying amplitude and period. v\Te are to transform the expression 

4 cos 'OJ, sin (X - er,) + 2 sin '011 cos (X - er,) 
into the form 

f" sin (X - er, + Q). 
Comparing this with (256), we have 

tan <I= 2 tan r.J,, 

/ 112 = lG -12 sin2 r;;,, 

f" 0= 2 v-fr + 1 cos:& 'OJ,. 

Consequently the two terms become 

ep:iq I-fr+ fcos2iir, sin (X- if1 + Q) 
where 

tan Q = 2 tun r;:f,. 

(25(i) 

(25i) 

(258) 

(259) 

(260) 

(2Gl) 

Since tan (J passes through zero or iufinity with 2 tan ra,, Q must always lie in the same 
quadrant as 'GJ,. 

Tho object of tho transformations (254 ), (261), which may seem theoretically untlcsirublo, is as follows:-
The numerical harmonic analysis of the tides is made to extend over one year, and this period is not long 

enough to distinguish completely a title whose argument is 2x - 6, - GJ 11 from one whose argument is 2x - 6, + GJ,, 

nor one whose argument is x-6, - m,, from one whose argument is x-15, + m,. In fact, the tide with argnment 
2x-61 + m, (for which no analysis has been as yet carried out) will only produce an irregulnrity in that of argu­
ment 2x-<5,-m,, called tho smaller elliptic semidiurnul tide; su<'h irregularity has in fact been noted, but no 
explanation has previously bl•cn given of it. 

Again, the pair of terms with arguments x-cJ, ± m, will appenr in the harmonic analysis with the single argu­
ment x- d,, and the resulting numbers will uccessurily appear very irregular, 1111less compared with the theoretical 
expression (261). 

41. The evection and variation, 
To the first power of e, tlle inequality in the moon's longitude due to evection is repre­

sented by 

fJ = s + l.l'- rne sin(.~ - 2 h + p*),t (26!!) 
and in radius vector 

c (1- e2) ... - = 1 + .1l'- nw cos (N - 2 h + p*), 
r 

where fJ is put for the moon's longitude in the ecliptic, and m for the ratio of the sun's to t.he 
moon's mean angular motion. 

"p, denoting meu1l longitude, will lie marked for tho pt'esent with au asterisk, 
t See Godfray, An Elementary Treatise on tho Lnnar Theory, H 71,· 92. For more accnrato value.i of the 

coefficients of sin (a-2 h +p') and cos (s-2 h+p"), seo Hunson, Tables de la Lune, 9 1. 
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If wo nogloct tho distinction between longitudes in the orbit mul in tho ecliptic [which is in effect neglecting 
a torm with coefficient sin'(~ X 5° !J')], wo have from (262), 

1=6.+l.bmesin (s-2h+p"); (264) 

whence 

cos (2 l+ cr)=cos (26, +a)+ l/1 me (cos (26. +s-2h+p• +a)-cos (2 6, -8 +2h-p•+a)]. (265) 

And from (263) an<l the <lolinit10n1:1 of R, 'IJf, <I> in (226), 

[
c(l-e'>J" B= ---,.-- = 1 +~;.me cos (s-2 h+p")'. (266) 

'IJ/(a) =cos a+ Ht me [cos (8-2 It+ p* +a)+ cos (s-2 h+11• -a), 

P (a) =cos (2 6, +a)+ 1i<>f me cos (2 6, r 8-2 h+ p• +a)- I~ me cos (2 6, --• +2 Ii -p• +a). 

(267) 

(268) 

Then substituting from (266), (267i, (268) in (227\-(231), and <lropping tho torins which aro merely a reproduction of 
thoso already obta.inod, and neglecting terms in q'' and q1, wo have 

X'- Y•=110,f' mep' cos (2 x-2 6,-8+2 h-p*)-H mep' cos (2 x-2 6, + 8-2 lt + p'), 

XZ=-\~f' mep'q 1:1in (x-2 6, -8 -j-2 h-p*) +ft mep''q sin (x-26, +s-2 h + p") 

+H1nepq rp''-q,) [sin <x+s-2h+p")+sin (x-s+2h-p")], 

1t (X2 + Y'-2 V) =i- (p'-•i]J'' q'' + 11') .i,.b. nie cos (x-2 h + p*). 

(269) 

(270) 

(271) 

It must bo noticed that 11ol me arisos by tho addition of tho coefficient of tho Evection in longitude to three 
halves of that in the reciprocal of tho radius vector; that Ht me is tho differonco of tho Hamo two quantities; and 
that J•b me is three ti mos tho coefficient in the reciprocal of radius vector. 'Vhon tho development of the lunar theory 
is carried to higher ordors theso coefficients differ considorably from tho umounts computccl from tho first torm, which 
:ilono occnrt1 in tho abo\•e analysis. Hence, whon thcso coellicients aro compukcl, tho full values of tho coefficients 
i11 longitude ancl reciprocal of radius vector must be introduced, According to Professor Adams, tho full valuos of 
the coefficients are, in longitude ·022233, and in c/r ·010022. 

The ratio of tho moan motiom; m it! about )1~, and iH therefore a little greater than t, heAco me it1 somewhat greater 
than e'. Thus wo may ubridgo (269)-(271), and write tho expression thus:-

XZ=-11°.f mep" If 1:1in (X-2 61 - 8 + 2 h-p"), (273) 

t (X 2 + Y'-'-2 Z•)=lt (p'-4p• q0 +q') v· me COB (s-21t+11"). (274) 

The equations (272)-(274) contain tho torms to ho added to (241)-(24:3) on account of tho Evcction. 
The Varialio11. 
Treating this inequality in the same way aH the Evection, wo huvo 

I =6, +.i;. m~ siu 2 (s-h), (275) 

c (l-e')=l +m'' cos 2 (8-h), (276) 
r 

B=1+3m2 cos2(s-h), (277) 

.,p (a)=coR a+~ m• [co~ (2 (s -h) +a)+ cos (2 (R-h)- a)], (278) 

fl (a)= cos (2 6, +a)+ ~,ii 111• cos (2 6, + 2 8 - 2 h +a)+ t m• cos (2 6, - 2 s + 2 h + <t). (279) 

"'houce we have to a sufficient degree of approximation, 

xo - yo =:,:,,am 2 p• COH (2 x - 2 6, - 2 8 + 2 h ), xz = 0, (280), (281) 

t (X• + Y 2 - 2 V) = t (p' - 4 p' q2 + q') 3 m• cos (2 s - 2 h). (282) 

In this case also tho vulues of tho coefficients are actually consi<lerauly greater than the amounts as computod 
from the first terms; ancl regard must !Je paid to this, as in the cuse of tho E\·ection, when tho vain es of the 
coelllcients in the tidal expressions are computed. According to Professor Adams, the full values of the coetlloionl:.8 
ure, in longitude ·011489, and in c/1· ·008249. 
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42. 1'he eqnilibriitm height of tide. 
p 1, p 2, p 3 are the direction-cosines of the place of observation; and, if il denote the latitude of 

the place, we have 

Pi =cos .:l, P2 = O, p3 = sin J.. (283) 

(284) 

(285) 

Now supposing the place to be at the earth's surfact>, then 

p = a, the .earth's radius. 

V = * - µMa~ [ 1 cos2 il (X2 - Y2) + sin 2 .:\XZ + :: (1 · - sin2 ;\) ~- (X2 + Y 2 - 2 Z 2)]. (286) . . .. d1(l-tfl):J ~ - !l :l 

The X- Y-Z functions being simple time harmonics, the principle of forced. vibrations ( § 14) 
allows us to conclude that the forces correspondiug to V will generate oscillations in the ocean 
of the same periods as the terms in V, but of unknown amplitudes and epochs. Now the work 
represented by V must clearly l>e equal to hg, where h is the height of the tide from the undis­
turbed. sea level and g the force of grnvity. 

where R is the mass of the earth . 

. l1 Va2 

. . V = hg, or h = - = . , 
g Eµ 

(287) 

. ·• h = % Jlf(~)3 
_!!, _____ [.t cos2 il (X 2 - y:1) + sin 2 .:\XZ+ +!· ( 1. - siu2 il) j_ (X2 + Yl - 2 Z2)]. (288) 

- E , c. ( 1 - f?)3 - . :i 3 

It is convenient to have the quantities 

xz - y2 XZ k (Xi + yz - 2V) 
(I--=-<P):i' (1- c2}3' ---(1 - e2 ) 3--

expressed as a series of cosine terms, each sign being positive. 
Since 

- cos a;= +cos (;i: + 7T), 

- sin x = + cos (.r + ~), 

+ sin x = + cos ( x - ~); 
and 

approximately, we have 

x2_ y2 
(l -.=- e2)3 = (1 - -fre2

) p 4 cos 2 (X- u,) + (1 + tc2
) 2 p 2

1/ cos 2 x 
+ t ep4 cos (2 x - 3 u, + ~,) 
+ rr cp4 ./ jl _:_-12 tau:i-2-Icos !ffilJ cos (2 X - ii1 - m, - B + n) 
+ J..}- c2p 4 cos (2 x - 4 <Y, + 2 ~,) 
+ J..1261?. mcp4 cos (2 x - 2 <51 - s + 2 h - p*) 
+ H- mep4 cos (2 x - 2 6 1 + 1>' - 2 h + p*' + 7T) 
+ ¥ m2p 4 cos (2 x - 2 6 1 - 2 s + 2 h), 

(289) 

(290) 

2N 
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xz 
(1 _ ~·1):1 = ( l - ~ e2) [P3<J cos (X - 2 <f1 + J! 7r) + pq3 cos (X + 2 <f, - J! 7r) J 

+ (1 + t e2) pq (P2 
- q2

) cos (X - J! 7r) 
+ t ep3q cos (X - 3 <f, + 'GJ, + J! 7r) 
+ ep3q " a + ! cos 2 r;J I! cos (X - (j I + Q - z 7l') 
+ ~ epq (p2 

- q2
) cos (X + <f1 - 'GJ1 - ~ 7r) 

+ V e~p3q cos (X - 4 <f, + 2 'GJ, + z 7r) 
+ J.p0~ mep3q cos (X - 2 <f, - s + 2 h - p•+ z 7r), 

k (X2 + y2 - 2 V) 
~- - (l-e2)J =k(p4 -4p2q2 +q4)fl+te2+3ecos(<f,-'GJ,) 

+:!if'- me coll (s - 2 h + p•) + 3 m 2 cos (2 s - 2 h)] 
+ 2 p 2q2 [(l - % e2) cos 2 <f1 + t e cos (3 <f, - 'GJ,)]. 

In these expressions 
sin '.:! r;J1 tau R = i· --t·2-i-I------9---, tan (J = z tan 'GJ,. . " co 2 - cos ., 'GJ, 

K1 
QI 
M1 
J1· 

2 Qt 

Pit 

(292) 

l\lm 

MSf 
Mf 

(293) 

(294) 

p, q, x, <J,, 'GJ, should now be replaced by their values in§§ 21,37, thus giving the general expres­
sions for the equilibrium tidal coefficients and arguments of Table 1, Part III. All tides have the 

universal coefficient!~(~ ) 3 

a, which is about lij feet in value.§ By (288), the semidiurnals, diur­

nals, and tides of long period have cos2 i, sin 2 1, and z - t sin2 A. as general coefficients. 
4:~. The solar tides. 
Expressions for the solar components follow, because of Rymmetry, from those of the lunar. 

To pass from the latter to the former we have to put 

In order that the relative values of the theoretical amplitudes of solar and lunar compouents 

may be readily seen, the universal coefficient t ~ (~) 
3 

a will be retained. '.rI1is involves the 

introduction of a factor 

7:! =_mass_ of _su~~ x (~~ll,n~i~.!.· of ~0011)3 = 0.4G035 = __ 1_ 
r mass of moon \. mean dist. of suu 2·17226 

where ti,Je mass of the moon is assumed to be 1/81'1'.i that of the earth. 

(296) 

A tide of greater importance than some of those given in (291 ), (292), and (2U3) is one whose 
argument in (237) is:! x + <J1 - ci,. The mean value of its coefficient is O·OO:l23. 

There is also the larger variational diurnal tido, which bus been omitted: it would huve a coefficient 0·00450; 
al!!o au ovectional termeusual tide, \':? me~ !!ill' 1 cu!! (3 s -2 h +JI·), "'i th cootlicieut of magni t.ude O·OO:W2. All other 
tides in a complete development as far as the second order ofHmall quantitie!!, without any approximation a!! to the 
obliquity of the lunar orbit, would have Rmaller coetlicientf! than those comprised in tho ubo\•e list. Such n develop­
ment has been mu<lc by Professor J. C. Adami!, and the values of ull the coetlicieuts computed therefrom, in com­
parison with the above . 

._ --------- ···-----·------------ ··----------·- ·------· --------·---- -------

t Tho symbol 2 Q is hero adopted hecaul!o Q1 und 2 Q arn analogous to :N., and 2 N. 
t A Greek letter is hero adopted becuul!e A.., and v., 1louoto ot.her o\·ectio11al components. 

M 1 a l . . 
§If we assume I cf. Harkness, Solar Parallax, pp. 138, 140) E = 8i~07• c = G!r34 a= 20 902 000 feet, tins coefflcrnnt 

be1·ome!! 1 ·760 feet; if~[= &i\, it become!! 1·751 feet, This is npproximntely the theoretical range of the lunar ti<lc 

at tho equator. 



REPOUT FOR 1897-PART II. APPENDIX NO. 9. 

44. Tides depending on the fourth power of the moon's parallax; M 1, M:!, etc. 
By equation (111) this portion of the tide-producing potential i11 1 /r4 is 

V- µM 3 (li. 3 (} .a 8) - r 4-p , cos - ~ cos . 

527 

(297) 

Neglecting the eccentricity of the lunar orbit, as well as its inclination to the plane of the earth's 
equator, we obtain 

+ § (pz3-3 Pt2 lh) (m23- 3 m12 11~) 

+ ~ (P13 +Pi pz2- 4 P• p3
2

) (m13 + m1 mz2) 

+ ff (Pz:1 + P12 P2 - 4 Pz p3
2

) (m12 mz + m23
). (298) 

We have seen in§ ~3 that a harmonic deformation of the form of Vabove, represents a possible 
shape of a sphere covered by water; that is, the equation of continuity is satisfied. 

By (206) 

and so 

Now put, as before, 

and 

we have 

m1 = p 2 cos Cr - l), m2 = - p2 sin (X - l); 

111} - 3 m1 m22 = p 6 cos 3 (X - l), 

m 1
3 + m.1 ?Uz2 = p6 cos (;r - Z). 

p 1 =cos A,p2 = O,p3 =sin .A, 

(299) 

(300) 

(301) 

h = t ~ (~J~ [-1i:;,. cos2 'Ap!i cos 3 Cr- Z) + l 2 cos 'A (1-5 sin2 A) p 6 cos (;r-Z)] (302) 

16 ---
Now, eos .:l (5 sin' .:l-1) bas its maximum valne 3vi5 when cos .:l= 1~\!15: that is to say, when i\_=5go 54'; 

thus we may write (302) 

h = ~ ~ ( ~) ~ [ cos1 A -{'-~ ( % J cos'' ~ I cos [3 t + 3 ( h - v) - 3 ( B - ;)] 

+ 136 VIB cosi\ (1-fi Min'A) th VJ5 (;)COS"! [ COM [t + (h-v)- (B-~)J J (303) 

Jn this expression observe thnt there is the some 'general• coefficient' outHitlc l ] ns in tho 11revions dovelo11-

mont; that the spherical harmonics COM01 i\, 13ti ylf, CO~ ,l (5 lliu'2 i\_-1) h:WO the•m11xim11111 vaJuos unity, tb11 first at 
tlrn equator nnd the Rocond in fatitudo 58° 54'. The • splle1ls' of ti.Jose two tides arc rospel't.ivcl,1· ::i (y - 6) or 
43°·4761563 per moan 11ol11r hour, aud y -6, or 14°·4!120521 per meun solar hour. 

The coefilcient of tho tide 3 (y-6), which ill compnrahlo with those iu (288), ill 

,~,- I a) cos·· • I 
\ c ~ ' 

(:~C-1) 

and the mean.value of this function multiplied b~· 1·os a (1'-~) is ·00599; also tho coetliciont of the ti<lo (y-6), 
likewise comparable with previon~ cooffici1111t-, iH 

1i~ \/15 (~)cos'; t I, (305) 

and the mean value of this function multiplied by cos ( ,, - ~) is ·00165. 

• J. 0, lllliVOl'AllJ. 
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The expression for the tides is written in the form applicable to the equatorial belt hounded by latitudes 
26° 34' N. and S. (viz. where sin l=-k i/5). Outsitlcofthis belt. what may be called high tide, will correspond with 
low water. The clistrilmt.ion oi land on the ea.rth will prohnbl~·. however, serionRly disturb the latitude of 
evanescent tide. 

It must be noticed that the y- 6 tide iH comparatively small in the equatorial belt, having at the equator only 
i of its value in latitude 58·' 54'. 

Heferring to the schetlnle of theoretical importance,• we see that the tar-diurnal tide M.1 would come in last 
but four on the list, and the diurnal tide M, (with rigorous speed y- 6) would only be about a lmlf of the synodic 
fortnightly variational title. 

It thus appears that the ter-diurnal tide is smaller than Home of the tides not included in our approximation, 
and that the diurnal tide should certainly he ncgligcable. · 

The value of the M 1 tide, however, is found witil Hcarcely any trouble, from the numerical analyRis of the tidal 
observations, and therefore it is proposed that it should still be evaluated. 

45. On the mean values of the coefficients. 
Any of the preceding lunar 1 ides may he written in the form 

,J cos ( 1'+ u) (306) 

where ,J is a function of 1, and u a function and ,, and t; this may be seen upon referring to 
Table 1. Now since I is by equations (44) or (49) a. function of w, i, and N, so also is J. The 
expression (306) when developed will give a term independent of N, which may be written in the 
form 

(307) 

wherein .J1 is the mean value of the semirange in question. 
It may be proved (see Table 1 and § 2'.!) that in 110 case does J involve a term with a sine of 

an odd multiple of N, and it may also be shown that in every term of sin u there will occur a sine 
of an odd muhiple of N; whence it follows that J sin n has mean value zero, and .11 is the term 
independent of Nin J. cos 11. 

It may also be proved that in no case does cos u involve a term in cos N, :ind that the terms iu cos :! }\-"arc all 
of order;•; also it appears that J always involves a term in cos ,v, and also terms in cos 2 N of order i'. 

Hence to the degree of approximation a<loptccl, .!, is equal to .r,, cos u,,, where ,T,, is the mean value of .!, a111l 
cos u.,, the mean ya.Jue of cos u. 

Jn evnluating cos n0 from the formnlm (47)-(49), we may ohHervc that wlll'rcvcr sin'' N occurs it may be repla.-eil 
h~· .\; for ~iu' X = J - t cos 2 X, and the cos 2 X has mean vn Jue z<"ro. 

The following are the values of cos u,, thus determine•! from (·13), ('16) ,_ 

( ) 2 ( • ) I .. ( 1 - cos ro J : a cos v-c; .1==-= -1- ... -·-· - -
Sill faJ ~ 

((J) COS 2 Vu=:= 1 - i~ - l 
Hi If~ GJ 

(
1 ., \' 

(y) COS (2£;-1'),,=1-t i' -°'.' COH c.J). 
srn w 

( "l (<>•+ 'l _ 1 _ 1 .,(1+2eosr.1)' (} cos - c; 1 (J - 't - -. -
Rill CiJ 

(r) 

(~) 

POS 1'11'-'-' I-ti: 1 
sin:! fa) 

1·os :! ;n= 1-- i" cot. 2 r.J. 

The sumx,, indicating the mean v:il11e. 
Similarly the following are the ,T.,'s or mean valueH of .T:-

(a') co~'~ In= COB'~ r.J + t 1· - . • [l .. Ain' A u1 - co8 w] 
COR' ~ C.1 

( f'') ,._(I"') • ·'J · ·' [i+·,1-~sin'ro] 
1.J lv, ~ RJn· n=SJn· faJ t - -.-·, -- -

Hill· (ii) 

(y') Sill ,, COS-.,- ,,=Bill c.J t'OB· .,- r.1 4 t .- -., -· - ·-·-· f · 1 J. · • 1 [ 1 + 1 ·2 c· COS 2 (ii) 2 COH r.1 ·) J 
. Sill- ro COS' ~ r.1 

. l . . J. l . . l ! [ 1 + t .. ('cos '.! (;1 2 cos (iJ ') J ( o') 81Il ,, Btn· ~ o= Sill t;,1 Bill _ t.J i· ... Blll'if,j- + sin.'~ t;,
1 

(F.') sin/,, cos lo=Bin Gil cos w (1 +ii' (coP u1-t;)). 

• This flmhraPes tl10 astronomical t.icles given in Table 1; a!Ho a termensnal ant! an c,·ictional 111ontlily. 

(308) 

(309) 
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On referring to schedules [BJ,* it nppears that (a) multiplied by (a') is the mean value of the cos•t I cos 
2 ( v - ;) which occurs in the semidiurnal terms; and so on with the other letters, two nn<l two. Performing theRe 
multiplications, nnd putting 1-t i 2 in the results as equal to cos• ti, and 1- ~ i• as equal to 1- ~ sin" i, we find 
that the mean values aro all unity for the following functions, viz.: 

cos•~· I COB 2 (v-~) sin" I COB 2 y sin I COii' i J COB (2 ~- V) 

cos• t oo cos•Ti - ·' sin" '&i (1=-~ sin~ i)' sin oo <~-os' ~ oo cos• ~ i · ' 

sin I sin~ t I cos (2; + v) sin I eos 1 cos v 
sin oo sin2 ~ oo cos•t-r-· ' sin ill oos ,.; ff- fain" i' 

sin' I cos 2; 
siJrioo l'OB4 t.f' 

Lnstly, it is easy to show rigorously that, the moan valne of 

1- ~ sin2 l 

is also nnit.y. 
If we write 

< i - ~ sill• oo > < f= f8Til2-i) 

"'oo·-~ cost r.v cost i -sin too sin t i6N' 

J< =sin t c.1 cos ~ i +cost oo sin t ·iell'• 

(310) 

(:Ht) 

(312) 

(313) 

where l sto.uds for v -1; and lot"''' )( 1 lll'110te the Harne functions with the sign of N changecl, then it may be proved 
rigorously that 

cos' JI cos 2(v-;)=v(m'+m,•) 

siir' I cos 2 v=2(m2 ?'i'+m12 J<2 ) 

sill l 1'082 t l cos (2E-v)=m3 x+m1" x 1 

sin I siu2 v I coR (2 E + v) = mx3 + m1 J<1" 

si11 I COB I eos v '.___ (mJ<1 + m1x) (mm1-xJ<1) · 

sin• I coB 2 ~=2(m2 x•+ m12 x1•) 

1-~ sin·• I=m' m1~-4 mm1 ""' +x• J£1". 

(314) 

(315) 

(316) 

(317) 

(3l8) 

(319) 

(320) 

The proof of these formulm, and the subsequent development of the functions of the m's nnil J<'s, constitute the 
rigorous proof of the formulm, of which the approximate proof has been inclicntod nhove. The nnalogy between 
the m's and x's, and the p, q of the earlier developments of this R<>port, is thnt if i v1misho8 m = ""' = p, )( = J<i.= q. 
[See a pe.pnr in the l'hil. T1·a11s. R. S. Pnrt II. 1880, ii. 713.] 

Mea.11 sea level varies slightly on account of the regression of the lunar 11otle. The mean 
value of the coefficient of change in mean level due to the existence of the moon (cf.§ :l8) is 

rr (l+fr c2
) (1-1 sin2 i} (1-~ sin2 ,,,)=0·25224, 

aml the variable part is, approximately, 

-(l+i!- e2) sin i cos i sin u.icos r.1 cos N, =-O·O:l28 cos N, 

~V being the longitude of the ascending node, which decreases at the rate of rno.34 pt>r annum or 
00·0529539 per day (§ 13). 

46. The factor f. 
Since 1', e are always small, the mean values of the expressions 

cos4 ~ I cos4 ~ 1 
cos4 1 w -cos4 f i = <.Hff538 

(3~1) 

sin2 I sin2 I 
siii2-cv-(1 - ·fsiii2-ij = <F15652 (322) 

sin I cos2 1 I sin I cos2 ~ I 
sill w cos2 1 w cos4-ft = -0·38005 

sin I siui ~ I sin I sin2 1 I 
sii1 -UJ siii2 ~ Ci) oosc1···i: = 0~0[638 - (324) 

• B. A. A. S. Report, 1883, p. 66, or Table 1, this manual. 
()f>84--34 
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sin I cos I sin 2 I 
sill_&J_cos~f-=-1----s:rri2 tJ = cF72147 (325) 

sin2 I sin2 I 
siii2-c.;-cos4 ~ t, = <Ff5779 (326) 

arc always near unity, 

wliile the mean value of 
1 - t sin2 I 1 - t sin2 1 

(I - -i!- sin2 c.7)(1-=-~- sin2 i) = 0-753flr· (327) 

is exactly unity But these expression!'! are functions of I proportional to those functions of I 
which are labeled "coefiicients" in 'rable I. Therefore they may be taken as factors f by which 
the mean values of the coefficients are to be multiplied in order to produce a value for a partic­
ular time. 

The luni-sola.r tides.-In combining two waves, A and B, of equal speeds, the resultant 
amplitude is, § 4, Part III, 

and the displacement or alteration in the phase of A due to B is an angle whose tangent is 

sin (phase B - phase A) 

~os (phase B- phase A)+~; 

and this is so regardless of the relative sizes of A and B. 

(328) 

(329) 

Denoting, fo1· the moment, lunar K1 by [Kt] and solar K1 by jKd, and letting the accent 
signify that the longitude of the lunar node is involved, these two waves may be written 

jKij cos (t + h + ~ 7t - K 1o), 

[Ki'] cos (t + h + ~ n: - r - K 10). 

The first is displaced by the second by au ·angle - 1'', where 

, sin 1' tan v = . . ______ . . .... __ . 
cos1'+ lKii/[K1'] 

and the resultant amplitude is 

'l'he phase of the resultant wave is 

(330) 

(331) 

(332) 

(333) 

(334) 

Now t varies 1.5° per mean solar hour and h, 0·0410086, and so the hourly variation in t +his k 1 ; 

.. the resultant oscillation is, reckoning from t = 0 011 a day when h = h0, 

K1' cos (k 1t - (") (335) 
where 

' = }{ - ~ 7( - h,, + yl. (330) 

But 

'=n-(f'o+u) (337) 

aud 

V0 + u = ~ 7t + h0 - 1'
1
• (338) 
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' '.l'he coutext shows whether t is expressed in degrees or hours. From (325), 

where 

Similarly for K2 

where 

[K1~] = ___ sin I cos 1 ____ - =/oflunar K, =f (IK1J). 
l Ki] sin w cos c.a (1 - ~ siu2 i) 

[K1'] _ r(l + ~ e2) sin I cos I . 
flt-;-} - -i;(l -+ fe?f siiiC.:7 cos w' 

"· f of lunisolar K 1 or f (Ki) 

r- --fK;-t -- -----rK;-p 
- K1' - V L + 2 r.K7J cos v + tK7]2 [ K1'] 
-lKd + [Iq----

1
--TK,r- -- -- xr1q 
+ [Iq 

l K!l_ = !:1_(~ ±J.!'.12l ___ l ____ = 0·46407, 
[Kt] r (1 + ~ e2) 1 - ~ sin2 i 

l K1 ! l K1 ! sin w cos Go (1 - ~ si112 i) 
f K?) = [K~l ---sinlcosI ----· 

sin 2 v t·t11 9 r" - -----------
' "' -cos~v+ )K2!flK2'] 

factor f for I uuisolar K 2 

The tides L 2 and M 1.-By § 42 the 1,2 tide is proportional to 

531 

(33!J) 

(340) 

(341) 

(34'..?) 

(343) 

(344) 

(345) 

(346) 

(347) 

cos• 2 I vl -12ta112 flcos 2 (p - ~f x cos [2 t + 2 (It - v)-2 (.~ - e) + (s - p) - R + rr] (348) 

where 
sin 2 (p-e) tan R = ---- -- -- ___ -! cot2 2 I - cos 2 (p - .f) 

J,ct P denote the value of p - I; at the middle of the series considered, and suppose R to l>e 
computed for this same time. The approximate value of the/ of J,2 is 

cos4 ~I _1 -------------­
cos• 2 w cos~ fi v 1 - 12 t.an2 2 1 cos 2 J'. 

By § 42 the M1 tide is proportioual to 

where 
tau Q = 2 tan (p ~ e). 

If P <fouote the value of p - 4 at the middle of the l:'l~ries 

ta11 <i = 1 tau P. 

(350) 

(332) 
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Since tan ~ P and tan Q pass through zero or infinity simultaneously, it follows that they 
always lie in the same quadrant. 

The f of M1 may be taken as 

sin I cos2 ~ I . . , > 
sin r~1cci82--~ r.) cos• ~ i ..; '& + ~ cos J 1 . (354) 

'l'he average value of this expression is not very near to unity as is the average value of most 
of the f's of the other components. It is, in fact, about 1 ·5505, as is shown at the end of Table 10. 

For 
cos4 ~I, f = 1 ·0003 - 0·037:j cos N + 0·0002 cos 2 N; 

sin I cos~ ~ I, f = 1 ·0088 + 0· 188() cos N - 0·0146 cos 2 N; 

K2, f = 1 ·0243 + 0·284 7 cos N + 0·0080 cos 2 N; 

Ki. /= 1·0060 + 0·1156cosN - 0·0088cos2N; 

sin2 I, f = 1 ·0429 + 0·413.5 cos N "'"--- 0·0040 cos 2 N; 

1 - ~ sin2 I, f = 1·0000 - 0·1299 cos N + 0·0013 cos 2 N; 

L2, f = 0·9780 + terms in N and P; 

M 1, / = 1 ·5505 + terms in N and J>. 

(355) 

47. Table 37 shows the equilibrium amplitudes of several components (disregarding, as usual, 
the mutual attraction of the fluid) for various latitudes. In order to see what type of tide may 
belong to a particular latitude, draw the M 2, K 1, and 0 1 waves, with the amplitudes given in the 
table, upon separate pieces of paper. K, and 0 1 generally conspire for extreme declinations of 
the moon and interfere when she is near the equator. The resultant K101 wave combined with 
the M 2 wave will show the diurnal inequality peculiar to the latitude selected. 

1lleteorol<>gical tides.-As already stated, there must generally be a tidal component S 1 whose 
period is a mean solar day; for, the daily variation of the barometer is a well-established fact. At 
some places the land and sea breezes may also give a component of this speed which, of course, 
combines with the one answering to the variation of the barometer. 

In regard to the annual component Sa, it may be said that even if it repeat itself reasonably 
well at a given place, there is no reason for supposing its curve to be nearly harmonic. Conse­
quently we should expect terms higher than the first to appear in the Fourier series representing 
it. The semiannual Ssa (partly astronomical and partly meteorological) is the only harmonic 
tu-<ually worked for. 

The (equilibrium) argument of Sa is h or the mean longitude of the sun and of Ssa, it is 2 It. 
These arguments become zero at the time of the vernal equinox; argu111ents of' Sa, Ssa might be 
so taken as to become zero at the beginning, say, of the calendar year. 

48. Overtidcs or shall01c-1cater components.· 
Let the height of the tide, exclusive of shallow water components, be denoted by y'; let the 

total height be, as usual, denoted by y. Then y should be some function of y' such that 

where ](1, K 2, 1(3 are the numerical coefficients of the powers of ,11 1
• :Xow we know that where y' 

is small, · 
Y=Y'; that is, 1(1=1. 

Therefore we shall write 

y=A cos (arg A-Ao)+B cos (arg B-BD)+ (3.i7) 

wherein A, B, . . . are not shallow.water components. For the shallow-water tides con­
stituting /(2 y'i, we are not concerned with the absolute magnitude of the coefficient K2, bnt 
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rather with the relative values of the coefficients of the con:;;tituent terms. Squaring· y', taken 
equal toy, we have, besides the constant terms A 2 , B 2

, 

1 A 2 cos (arg 2 A-2 A 0 )+2 B 2 cos (arg 2 B-'2 B 0 ). 

+AB cos (arg A+arg· B-A0-Bo)+AB cos (arg A-arg B-Ao+Bo) 

+ similar terms whose coefficients are~ 0 2
, AC, BC, 

Now the shallow-water component whose argument is arg A± arg B, must have as its speed 
a± b. In this manner the following tables of speeds, arguments, and what ma.y be called 
primitive amplitudes and epochs have been obtamed. Having obtained the priucipal terms of 
y12, one can then proceed to the terms of y'3 or y· x y'2• (See Table 36" for a list of the principal 
shallow-water components. 

Considering a group of shallow-water tides whose speeds are approximately equal, let us 
assume that each theoretical epoch differs from each primitive epoch by a quantity E 0 whieh is 
constant for the group. Then 

where (AB) 0 is the theoretieal epoch of a component whoRe speed is a.+b. Ill like Iilanner 

AO+AO-E'u=(ilA)O (360) 

Bo+no-E0 =(BJJ)o. (361) 

Suppose A to be larger than B, and suppose that (AA) 0 aud of course A 0 , Bo, have been deter­
mined from observation. 'fhen it is possible to infer (AB) 0 and (BB) 0. In fact E 0,=2 AO-(AA)o, 
substituted in the expressions for (AR) 0 , (BB) 0 gives 

(AB)O=(AA)o+no-Ao, 

(BB)O=(AA)0+2 130_2 AO. 

(362) 

(363) 

Let it likewise be assumed that in each group the primitive range must be multiplied by the same 
constant 0 0 ; 

·" ~C0·A·A=(AA), 

C0 ·A·R=(AB), 

2Ca·B·B=(BB), 

Ca·A·C=(AC), 

(364) 

(365) 

(366) 

(367) 

where (AA), (AB) denote the theoretical amplitudes of components whose speeds are 
a+a or 2 a, and a±b, 
observation, then (AB), (BB) 

If we happen to know (AA) (and of course A, B, ) from 
can be inferred. In fact 

B 
(AB)=2 (AA)·A 

B2 
(BB)=(AA)·A2 , 

' 
(368) 

(369) 

Applying these rules to (MS)4 and S4 the values of their coefficients given in Table 1 may be 
obtained. This agrees with the inferences made in § 18. For applications to nature, see Ferrel, in 
the Survey Report for 1882, pp. 442, 443, H5, 447. 

---------
•Adapted from Ferrel, Unitecl Sta.tea Const and Geodetic Survey Report, 1878, pp. 273-276. 
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The "corrected" equilib1·ium theory. 
49. It has been already noticed (§ 40, Part I) that small bodies of water ma.y obey the 

"correcte<l" equilibrin111 theory. That is, their surfaees may be e\•erywhern perpe11<licular to the 
force of gravity as perturbed by the moon. It remains to develop the disturbing force into a 
series of harmonic terms. 

The value of the potential of the tidal forces is 

where 

l' = µ,lJ ci: ('.~-~~-~~ ----~) J 
a2 

Jl=fJ g· · · r = h = ~ i~ ~: [ cos2 A. cos2 o cos :! ( 1/· - Z) 

+ 2 sin ;\_ cos ;\_ sin 2c) cos ( /· - l) 

+ h (;{ sin2 
;\ -1) ('3 sin2 c) - t)J 

Here l is used to <lenote the wrn~t longitude of the point, its former significations (§§ :!•J, :~7) 
being 110 longer necessary. 

The slopes of the disturbe1l splwrical layer to the surface of' tlw undisturbed sphere are 

J h J h 
1i J ;l ' (1. cos A ~1 l ' 

the former being the slope (elevatio11) in the south-to-north direction, the latter i11 the east-to· west. 
'l'hcse slopes are the deviations of the plumb line from the vertical, or they are the forces cans· 
ing its 1leviatio11 where g is the vertical force.• 

J h _ N {t
3 

[ . eastward component = ~- .
1 
. . , .. 1 - cos A cos2 c) sin 2 ( 1/· - l) - (( COS-·A ,l l -- '; r-

- sin A sin 2 c) sin (if' - l) J (372) 

,1 h I l t :3 .ill a-" [ . •) ~ z • 9 ( ! l) 
- 1t ,

1 
A = sout nva.ri componen =ii· R r" sm ~ "- cos o cos ., , :' - . 

- 2 cos 2 A. sin 2 <! cos (I- - l) 

+ sin 2 A. (1 - 3 sin2 c5)]. (:n:-3) 

Let c denote the easting of a given point from the no-tide point and s the southing, expresse1l 
in feet; then at any instant the height of the tide (ll) is c x pagtward component;+ s x gouthward 
component. Let the height dne to semidiurnal eastward l'.omponent be denoted by H2,, and simi­
larly for southward component by H2., we have 

H 2, __ 2 c tan 2 ('/' - l) (:-37'!) 
-A2- - -n- .. cos A. -----' 

ll2. - + 2 8 t 1 - - an"· ki (t 

(37;1) 

Hut from §42 we have for the height of the (uncorrected) equilibrium semidiurnal hmar tide 

1 _'.I Jlf(<l ):I , ,z 1 
rtz - -" }<) C <£ COS "- X 

j 
1 (1-& c2) cos 4 1 I cos[:! t+ 2 (h- v)-2 (s-&)] 

+ 1 (1+tte 2)1 sin 2 I eos (:! t + 2 (h - v)] 

+ 1 · f c cos 4 1 I cos [2 t + 2 (h - v) - '.! (8 - f.) - (-~ - JI)] 

+ .... (37G) 

•Tho diurnal term of E11. 231v, § 812, 'fhomR011 aml Tait, Hhonltl uo multiplic1l liy 2; ancl in Eq. 23•, the diurnal 
term Rhoulcl have its Aig11 changed. 
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In this equation e denotes the eccentricity of the lunar orbit. . 
The time of the maximum of a single periodic disturbance of level can be found as follows: 
It is obvious that ll2, has its maximum simultaneous with the maximum or minimum of ht; 

lh has its maximum three hours, or 900, later or earlier. The resultant disturbance has its max­
imum between these two times. The hou·r angle (c2t) reckoned from the transit of the fictitious 
body or the maximum of h2, is 

'l'he corresponding height is 

H2. 2 s , s . ,, - = -- - tan,\; . " H 2 , = 0·800 -- sm _, A., 
Mz a a 

2e ll2. = - 0·800 -- cos ,1 : 
(l 

a, the earth's mean radius, is 20 !)02 000 feet, aml 0·800 cos 2 A the equilibrium value of M 2• 

(318) 

(37!>) 

(380) 

B.J:mnple.-From a map of Lake Superior we see that the 110-tide poi11t (center of gm\-ity of 
the surface) is ll miles north of Keweenaw Point (J,at. 47° :~2 1 , Lon. 87°). The line joining this 
point to Duluth is 210 miles in length a11d bears S. 7G~o \V. Tht'I no-tide point is 4°19' (or 17111

) E. 
of Duluth. ltequired the amplitude and epoch of Jf2 at l>ulutl1. 

Here 
s = 4!1 x 5280 fPet, 
c = - 204 x ;)280 " 

lf2, = O·OO!l!l, 
H2• = 0·0!>57 ; 

Jl2 • cos soo + H 2• sin 80° = O·OtiHli = M2, 

80° 
28.984 = 211 46111 =time of l L \V at D11l11th in 110-tide point 1 ime. . · . .:! 11 46111 

- 17111 = 211 :2!l"' = 
HWI for Duluth M20 = soo - so= 120. 

Observatio11 gives* l\.12 = 0·06:J feet, ~1 2° = 81 o. 
flO. The "corrected" equililirium tide can be obtained from the mworrcctt'd in the following 

manner whether the sea be small or large: 
In the first place make two stereographic projections, one of the northern and one of the 

southern hemispheres, the pole in each case being at the center. 17pon these mark the outlines of 
the sea in question. Upon a partially transparent sheet, using the same kind and size of pro.iec­
tion, Jet the equilibrium heights of a given c~mponent, say of 1\12 , be written in their proper placP~. 
Let the center of this sheet be placed upon the center of Pither l1emisphere, and place the radiat­
ing line of greatest height upon a given terrestrial meridian. The surfaee of the sea is divided by 
the meridians and parallels into rectangles whose areas are proportional to the cosiues of their lati­
tudes. The volume of the uncorrected equilibrium tide is fouud by mu1tiplying the elementary 
areas into their respective thicknesses at the given time. 'l'he transparent sheet shows the thick-
11ess for the assumed time. The volume divided by the area shows how much the (uucorrecte1l) 
equilibrium spheroid lies above the "corrected" equilibrium spheroid at the assumed component 
hour. At another hour it will have another valut>, These values tabulated with opposite signs 
will define a curve drawn once for all for the sea in question, which when added to the (uncor­
rected) equilibrium curve at any place will give the "corrected" equilibrium tide at that place. 

* Obtninecl hy ana]y)ling the heavy cmvo shown in Plat<• III.. App. BB, Heport of the i:iurvoy of tho Northern 
an<l Northwostom Lukos (1873). 
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So proceed with each of the important components. We may not completely separate the 
height intO components if we, for a given declination of the moou, construct a stereographic pro­
ject10n with the moon distant o from the bounding circle and the (uncorrected) equilibrium heights 
written upon it. But this process is less convenient than the former. 

The same theory is expressed aualytically after Thomson and Tait in the following manner: 
If h or au denote the (uncorrected) equilibrium height of the tide, then 

(f,ll - (f 

will denote the "corrected" height, whnein 

tidal volume over sea 
a = area of ·sea ' 

= <!.__.[f 11d1r 
Q 

where Q =area of sea and the eleme11tar.r area d<r =cos A. d A. d l, and 

u = 3 _ _!l_ ~~ (cos2 {} - 1 ). 
2 R r 3 rr 

Thh1 gives for the "corrected" height 

a.11 - a= il ;ff·; [(cos2 i\. cos 2 l - ~)cos 2 1p + (cos2 ;\sin 2 l - ;m) sin 2 1/·] cos2 o 

(381) 

(382) 

(383) 

(384) 

+ 3 ~%[(~in;\ cos A cos l - (!!;)cos 1/• +(sin A. cos A sin l - ~)sin 1/·] sin n cos o 

+ t ~§ ~:: (3 sin2 ..:l-l - ~) (3 sin2 o -1), (385) 

wllere 

~=A JJ cos2 A. cos 2 ld1r, ~ = l~ J J eos2 i\ sin 2 ld<r, 

1 cs . (!!;=fl .I sin ,, cos ;\ cos ld<Y, ~ =A SJ sin A. cos A sin ld<r, 

'Jg =.~-s r (3 sin2 
i\. - 1) d<r. 

In the integrations or quadratures for a, ef' and a are regarded as constants, and 1'10 are taken 
from beneath the integration signs. Thi:,; height may be written in the form 

B 0 [3 sin2 c5 - lj + R 1 sin 2 a cos [1/; - l - ei] + B2 cos2 c5 cos [2 (1/; - l) - t 2J. (386) 



CHAPTER V. 

THE HARMONIC ANALYSIS OF TIDAL OBSERVATIONS. , 
ON THE SUMMATION 01" HOURLY OiiDINA'l'ES. 

51. In the harmonic analysis it is convenient to consider component days, whose lengths are 
the periods of the various diurnal components or twice the periods of the semidiurnals. • Such 
days are divided into twenty-four equal parts called component hours. If the tidal curve be read 
at the component hours and sums made by combining for each hour all readings belonging to it, 
twenty-four sums will he obtained. These sums are then analyzed in the manner described in 
§ 58. To avoid tabulating the curve for each kind of component time, the tabulation in mean 
solar time is made to serve for all. This is done by distributing the (solar) hourly heights among 
the component hours as nearly as possible. The speeds or periods of the components determine 
where the various component hours fall upon the solar hours. The manner being always the 
same for a given component, tables of such correspondences between component and solar hours 
may be prepared as follows: If we put s1 = mo for the hourly speed of the mean sun or diurnal 
:,;olar component, and c1 for the speed of any other diurnal component, then 

C1_C1 

S~-li:J 
(387) 

will represent the portion of any component hour corresponding to a solar hour. While this com­
parison of component and solar hours is only required to the nearest whole component hour, in 
order to secure even this degree of approximation throughout the hours of a whole year, it is desir· 

able to carry the value of ~1 out to about eight decimal places. For all components, zero hour is 

always taken to coincide with zero hour of the first day of the series. By successive additions of 

;~ the component hour corresponding to any solar hour may be found; the first solar hour of the first 

day of series corresponds to th~ fls component hour, the second solar hour to the ~~1 component 

hour, and the nth solar hour from the beginning to the !_ii component hour. A half component 

hour will be lost or gained according as c: is less or greater than s, when 

(388) 

solar hours shall have elapsed from the beginning; that is, the solar and component hours agree 
from the beginning of the series until this number of solar I.tours has been reckoned, when the 
component hour taken to the nearest whole hour will differ by one from the solar hour. At subse­
quent regular intervals oi 

(389) 

solar hours, a whole component I.tour will be lost or gained, that is, the difference between compo­
nent and solar hours will increase one at each such time. If c1 < s1, as is usually the case, two 
adjacent solar hours at one of the1<e times fall upon the same component hour, i.e., witbm a half com-

·The length of a component day in solar hours may be found by dividing 360° by the speed per hour (o1), 

Table 1. 

53i 
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po11ent hour of the time aimed at; but if c1 > s1, a component hour will be skipped, because no solar 
hour occurs within a l1alf' component. hour of it. Iu either case all the solar hours are re.presented 
by component hours, the maximum diverge11ce being a half component hour. If the maximum 
divergence allowed be assumed to be a half solar hour, then all solar hours are not represented 
by component hours when c1 < s1; and when c1 > :01, a solar hour may occasionaJ:y be taken to 
represent each of two consecutive component hours. 

The times when the differences between solar and component hours change, are given i11 
Table 42, designated "Component hours derived from solar hours." ln this table, the values 
on the left hand of each colmnn denote mean solllr hours, and those on the right hand show how 
much the numbering of these hours must be altered in order to obtain the corresponding number­
ing of the component hours. The component and solar hours, as we have seen, start together 
with zero hour at the beginning of the series, and, reckoned to the nearest whole component hour, 
they continue to agree until the first tabular value is reached, when the component hour is the 
sum or the difference (according to whether a plus or minus sign is used) of the two given values. 
After this the component hours continue to difter from the solar hours by the first right-hand value 
until the next tabular value is reached, when the difference becomes that right-hand value, which 
is to be used until the next given value, and so on. Whenever the value to be added to the solar 
hour is such that the sum is equal to or exceeds 24, the sum should be diminished by 24; and 
whenever the solar hour is less than the value to be subtracted from it, increase the solar hour by 
2-! before making the subtraction; it is unnecessary to keep track of the component days. 

For the long period components, where the change during a solar hour is very small, it is 
proposed to use the daily sums of the hourly lieiglits as the quantities to bu operated upon, and 
'l'able 43 shows what component hour each one of the daily sums corresponds to, recko11etl to t!Je 
11earest whole component hour. 

52. As an example of the use of' Table 42, find the .'.\[ hours 011 the fourth <lay of series 
correspou<ling to the first five hours of solar time. Entering the table for the 

tr l Fourth day of aerie•· 
fourth day of' series antl in the column lh, one sees that, for the second so ar Solar lwnr•. M hour•. 

hour the difference between solar and M hours is -:J, which difference will 
continue from that time until the next taLnlar value; but for that portion of 
the day preceding the second solar hour on the fourth day of series we must 
look to the tabular value next above, which is -2 at the twenty-first lwur of 
the second day of series, and as this differe11cc continues until the next tabular 

0 

2 

4 

22 

23 

23 

0 

value, it is the difference for the first and second 1\I hours requir~d. Th(, resulting M hours are 
therefore as shown above. It will he noticed that the first and sec'Ond solar hours both correspond 
to the twenty-third:'.\[ hour; this is due to using whole M hours, as may be seen by m11ltiplying 
O·!Hi613G8, which is the portion ot' au 1\1 hour corresponding to a solnr hour, by the number of 
solar hours from the beginning of' the series up to these hours, showing that on the fourth day tlie 
first solar hour corresponds to 22·53 M hours, while the second solar hour corresponds to 23·49 
::\[hours. 

Whenever the tlifferenc<> between the solar and. component hour is such that it changes in a 
iieriod less than a solar day, the table gives two or more columns to the component; hut the above 
example will suffice to explain the use of the table even in such cases. 

Having talmlated the component hours wluch "most closely correspond to the solar hours, the 
hourly heights of any series to be analyzed may be di8tributed iu accordance with this relation. 
This, however, is a laborious pro<:css, for it not only require~ as many copies of the hourly heights 
as there a.re component~ sought, but each copy must have its heights arranged differently, according 
to the relation existing between the liours of the component being worked for and the solar hours, 
as shown by the table. 

Instead of using a table, blank forms may be made out once for all indicating where the houriy 
heights are to be written. Darwi1L in his report for 1883 gives a sample of such form. He has 
smce prepared and published a set of blank forms for eighteen kinds of summation. Before 
making a particular summation the hourly heights of the series to be analyzed are to be copied 
into the form in the way indicated by certain marks thereon. 'l'his method requires as many 
copies of the hourly heights as there are components to be worked for, hut does away with the 
mconvenicnce of following a table to find the order of arrangement. 
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Fig.11. Stencil for the M summation, sheet for the even hours. 
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Darwin• has recently devised a set of movable scales for saving labor in distributing the hourly 
heights for each component; but in matters of simplicity, convenience, cheapness, and rapidity of 
use, the apparatus does not compare favorably with the stencils described below. 

53. Stencils. t 
This term has been applied to a series ot sheets so perforated as to mechanically indicate 

what observed hourly heights belong to the various component hours. Their use does away with 
the necessity of copying or rearranging the tabulated hourly heights. 

Directions for constriwting stencil.~ for any given component.-Select blank forms similar to 
those upon which the hourly height to be summed have been tabulated. These forms should be 
so contrived as to cause the heights to stand sufficiently far apart from one another that uo two 
of them can ever be seen through the same opening when a stencil is applied; the mere leaving 
of a large space in which to write each height will not answer, for the heights must be always 
found in a definite place, which may be designated by light ruled lines. In additio1i1. to the usual 
way of de11oting the date by the day of the month, it is desirable to use a series of cousecutive 
numerals, known as "clays of series," which always begin with 1 on the first day of the record 
used and end so that its last value indicates the number of days taken. The stencil sheets, being 
intended for use upon any series, have merely the ''days of series" upon them as dates. For the 
sake of clmtrne8s in using the stencils it has been found desirable to separate the component 
l10urs into even and odd, thus making two stencil sheets for each page of tabulation, and the 
sheets which thus constitute a pair must have the same days of series. Having thus prepared 
blank forms with a duplicate set of days of series, and having written the symbol of the component 
for which it is designed at the head of each page, turn to the table designated "Component hours 
derivl•d from solar hours" and in the manner already explained proceed to make the blank forms 
into a table showing what component hour corresponrls to each solar hour throughout the series, 
entering the even component hours on one blank and the odd hours on the other. Join those 
sp:wes containing the Harne component hours by a broken line, and write upon this line, at suitable 
distances, the number of the component hour it represents. The spaces where the component hours 
fall are then stamped with a steel punch which makes openings of sufficient size for showing 
the tabulated 11eights. 

The accompanying figure shows the first seven days of the even hour of the M stencil. The 
portions iuclosed with lines represent openings which are cut through the sheet so as to show the 
tabulated hourly heights to be summed, when the stencil is placed over them. The size of these 
sheets is governed by the size used in tabulating the hourly heights. The marginal arguments 
are the solar days of the series and the solar hours, reckoned from midnight. The broken lines 
joining openings show that the heights appearing through all openings so connected are to be 
addecl togetlu•r, and each such sum belongs to the 1\1 hour written upon the line. 

It is generally desirable, particularly in summing for smaller components, to so omit or repeat 
certai11 hourly heights that each component hour of the period covered receive one, aud but one, 
hourly height; in other words, to make the maximum divergence between the two kinds of time a 
half solar, instead of a half component, hour. 'l'o construct stencils suitable for this purpose nse 
the same table as before, omitting the unmarked hours when c<s1, but repeating the marked 
hours when c1>s1. By marked values are meant those pointed out by the arrow, Table 42. 

Direct-ions for nsing the stcncils.-The stencils are to be applied one sheet at a time to the 
tabulated hourly heights. Care must be taken to see that the proper sheet is applied in each 
instance, which iR done by making the <lays of series upon the stencils agree with the corresponding 
days upon the sheets of hourly heights. 'fhe stencil must be placed carefully so as to accurately 
coincide with the tabulation beneath it, using paper weights to hold it in posit.ion while making 
the summations. If a broken line for any component hour runs. out at the top or bottom of the 
stencil, there will in general be another portion of the same hour on the opposite edge, which 
should be included in taking tl1e sum. As the hourly heights are summed through the stencil 
openings for each component hour, the sums are set down in a suitable form having the 24 comp01ll'11t 
hours and pages of the tabulated heights as arguments. After all the stencils have been applied, 

' B. A. A. 8. Report, 1892, pp. 345-:{89. 
t Seo United States Coa<it. aml Gco1letic Rnrvey Heport, 18(18, I, p. 108. AIHo thiH mnnnal, Part I, \I 1-15. 
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the sums for each component hour on the summation form, are combined into a siugle sum for each 
of the 24 component hours throughout the period of observation used. The divisors for these final 
sums are obtained by counting the uumber of openings in the steucils for each component hour; 
and as a convenience tb.ese di visors may be written, once for all, 011 the left margiu of the stencils, 
or given in a table. The twenty-four means thus obtained may then be converted into residuals by 
subtracting from each the mean of all, and these residuals are analyzed in the way explained 
under harmonic analysis; or, the twenty-four means may be analyzed directly. 

Sum checks.-Each page of the hourly heights of the sea should be summed horizontally aud 
vertically before any of the stencils are applied. Any st.encil sum for the whole page (adding 
together the sums belonging to the odd and even hours) should be the same as the sum of the 
vertical columns or horizontal lines, provided all hourly heights are used once and but once. But 
when stencils are constructed with reference to the marked values of Table .42 an additional or 
third stencil sheet should accompany each pair which will point out the hourly heights omitted 
or used twice according as c, ;:: s. The sum obtained uy aid of this sheet must be added to or 
subtracted from the total sum obtained from the even and odd hour sheets in order to check the 
work. 

For a component like K, P, H., or T, whose speed differs little from that of S, lines joining the 
openings will frequently become horizontal. When this bappens openings slwuld be made in the 
right-hand margin of the stencil sheets, so that the horizontal sums already made may be simply 
copied upon the proper component hours. In this connection see § 66. 

54. Adding machines. 
Several varieties of adding machines are used by the Survey in making these and other sum­

mations, viz., the "0omptometer" a11d the "0omptograph," manufactured by the Felt & Tarrant 
Manufacturing Company, Chicago, Ill.; the" Burroughs Registering Accountant," by the American 
Arithmometer Company, St. Louis, Mo., and a computing machine made by A. Burkhardt, Glass­
hiitte, Germany. The machine last mentioned is designed more especially for multiplication and 
division. 

55. A proposed machine for obtaining component sums. 
Having seen that the stencils mechanically point out where the hourly values must go in 

making up the partial sums, the idea naturally suggests itself of having the equivalent of stencils 
so control a registering apparatus as to simultaneously give all the required summations. 

Let there be as many cylinders-each, say, 26 inches long and 10 inches in diameter-as there 
are indepeudeat summations to be made. Bach cylinder will represent the stencil of a single 
component for, say, 370 days. The circumforence of each cylinder should be divided into 370 
equal parts, each division fixing a line or element which represents a day. All cylinders are 
supposed to have a common movement in the direction of their axes an inch or so in extent for 
bringing tbe hole!:! about to be mentioned, into their propor positions for the various hours of 
the day. Each day line contains 24 l1oles in the surface of the cylinder, determined by the cor­
respondence between solar and component hours for the day in question, the small movement 
along the axis having been taken into account. The recording or adding apparatus for each kind 
of summation consists of two series of tootbed wheels, all wheels of a series being upon a common 
shaft. The number of teeth upou each wheel of the first series may be taken as 300, and of the 
second series 299. The number of wheels in each series is 2•>, one for each component liour and 
one for those few bourly heights which are used only in checking the sums of the 24 partial sums. 
The number of revolutions made by the 300-tooth wheels can be found by subtracting the readings 
of the 300 tooth wheels from the readings of the 299-tooth wheels. The part!! of revolutions are, 
of course, the direct readings. 

The cylinders are placed side by side in a horizontal frame, all axes being parallel. This 
frame is supported by a table or framework and is capable of the small amount of motion already 
referred to. AU cylinders are made to rotate together by means of a rack and spur wheels. 

Above these cyliuders, or above the interveuiug spaces, the two sets of toothed wheels serving 
as counters are mounted. The shafts bearing the 300-tooth wheels can all be made to rotate the 
same amount by means of parallel rods and cranks. The operator imparts motion to the 
mechanism by means of a crank at one end of the framework. This carries a pointer which, 
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moving over a graduated dial, indicates the amount of its rotation and of tbe 300-tooth wheels, 
which are not held fast by the levers about to be mentioned; that is, it indicates what number or 
hourly height is being entered. The crank can be released and returned to its initial position 
without causing any of the shafts to rotate. 

The cylinders control the 300-tooth wheels by means of levers, one for each wheel. The 25 
levers for each component are upon a common axis parallel to the axis of the cylinder. At one 
end of each lever is a needle-like projection for entering the perforations in the surface of the 
cylinder, while at the other end is a sharp edge, extending upward, for engaging the wheel 
above, thereby preventing its rotation. Since the preventing of a wheel from revolving with its 
shaft must give rise to friction and wear, it seems best to stop but one out of each 25 rather than 
to stop 24 of tliem. This involves no extra work on the part of the operator except the subtracting 
of the final machine readings from a constant number-the grand total of all hourly heights. 

For each succeeding day, the cylinders are all turned forward one notch; and for each 
succeeding hour of the day, they are all carried forward automatically a small but constant amount 
along the line of their axes. As already intimated, the hourly heights when entered once are to 
be simultaneously summed in all the kinds of summations required in analysis, thus enabling a 
person to sum for all components almost as quickly as he now sums for one upon an ordinary 
adding machine. This machine is designed to take the place of an harmonic analyzer in tillal work. 
Its merits are its positive workings, the great number of components which can l>e included, and 
its simplicity of construction, in tliat hundreds of its parts are exactly alike. 

56. 'l'hc Thomson ha.rmonic analyzer. 
_The immediate object of the harmonic analyzer is to determine the coefficients Hu, A, A, B, B, 

V, O, from the observed tirlal curve, whose equation may be written 

y = H 0 + A- cos at + B cos bt + ij cos ct + 

The average value of y is 

+ A sin a.t + B sin bt + V sin ct + 

lft=t 
t ydt. 

t=~o 

Replacing y by its value given above the result is rearlily integrated, giving 

[JI A. t H. 1 c. 
t - 0 t +a Sill a + b Siil Jt + 0 sm ct+ 

A B c - - cos at - --- cos bt - - cos ct -
a b c ·} 

(3HO) 

(391) 

(392) 

When t is large, the average value of y approaches H 0 • Any planimeter which enables one 
to find the area of the curve, and so the average value of y, can be used for finding the value of 
H 0 • For instance, if a disk rotate uniformly with t, and bas upon its face a small friction wheel 
whose axis intersects the axis of the disk perpendicularly, and if this friction wheel be moved 
inward and outward according to the value of y at each instant, the number of rotations of the 
friction wheel will be proportional to the area of the curve. 

Suppose that the rotation or angular velocity of the disk l>e a more complicated fnnction of 

the time than t multiplied by a constant, say f 1
r1> (t) dt. Let the equation of the ordinate of the 

curve be y = rf· (t). Now, if the rotation of the disk be proportional to tl1e ordinate of a <·urve 
wbol:'ie equation is 

j •t 
J/ 1 = </> (t) dt, 

I 

the number of revolutions of the friction wheel will be proportional to 

f.' 1/· (t) r/> (t) dt .... 

(393) 

(394) 

----------
'Thom8011 and Tu it's Nntnml Philosophy, Purt I, pp. 493-495, nnd Proe. Ro~·. Roe., Vol. 24 (18711), pp. 266-268. 



542 UNITED STATES COAST AND GEODETIC SURVEY. 

For, in the place of kt we now have f, 1

<1> (t) d t, k being a constant, and so in the place of k d t, 

efJ (t) d t. lu the harmonic analysis of the tide curve ,1/ = ip(t), the function </J, as will be presently 
explained, is of the form 

and soy'= J: 1

<P (t) d t is of the form 

sin t 
</J(t) =cos (n ), 

y' = - .! cos (nt) or.! sin (nt). 
n n 

(395) 

(396) 

That is, the rotation of the disk is to have a simple harmonic motion instead of a uniform rotary 
motion. lu this case the reading obtained will be, when multiplied by a proper factor, the values 

lt y cos at dt, or 11 
y sin at dt. (3!:li) 

Writing for y its value (390) and integrating, the connection between the values of these integrals 
and A, .if, respectively, becomes known. For a large value oft, the number of revolutions of the 
friction wheel are proportional to A or .X. In like manner for determining B or B we have to 
mechanically evaluate the integral 

j ·t lt y cos bt dt, or y sin bt dt. 
0 • 0 

(398) 

So on for all the other components. Since the speed ratios a, b, c a.re constant, and since 
y is the same in all integrals, it becomes possible to evaluate all integrals-simultaneously by hav­
ing an integrator for each coefficient H 0 , .A, X, B, B, O, V, etc. In fact, the friction wheel in each 
will be displaced from the center of the disk the same amount at any given instant of time, and 

. suitable gears can be provided for imparting angular velocities proportional to a., b, c, etc., while the 
harmonic or reciprocating motion can in each case be obtained by means of a pin working in a 
slot perpendicular to the required motion. The rectilinear harmonic motion is converted into 
circular harmonic by means of a rack and toothed sector. 

The disk, globe, and cylinder integrator, the invention of Prof. James Thomson, has as its 
peculiar merit, the avoiding of the sliding motion of the friction wheel along the diameter of the 
disk.• A sphere replaces the friction wheel. It is moved outward and inward along a diameter 
of the disk by means of a forked guide. The motion to be recorded is that which takes place 
perpendicularly to the radii of the disk; it is indicated by the number of revolutions of a cylinder 
turned by the sphere. The disk is inclined to the horizontal at an angle of about 450; the record­
ing cylinder turns freely upon its axis which is parallel to the plane of the disk. The sphere by 
its own weight crowds against the disk aud ~ylinder. As it rolls along a diameter of the disk 
and au element of the cylinder, its center describes a straight line parallel to the axis of the 
cylinder. The ordinate of the curve shows how far the ball is to be moved. 

A series of these integrators properly connected constitute the Thomson harmonic analyzer. 
They are arranged in a horizontal row. The point which follows the tide curve as the marigram 
is passed over a cylinder is fixed on a long horizontal rod. The rod has as many fork-like 
projections for moving the balls as there are integrators in the machine. 

A working model of the first analyzer was exhibited by Sir William Thomson before the 
H.oyal Society on the 9th of May, 1878. _This ~onsisted of five disk, globe, and cylinder 
integrators. It Rerved for finding H 0 , A, A, B, B, where b = 2 a. 'fhis is described in the 
Proceedings of the Society, Volume 27 (1878), pages 371-373. It was soon turned over to the 
1\1 eteorological Office. 

------- -------··-----
•Thomson and Tait's Natural Philosophy, Part I, pp. 488-492, 505-508. 
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The first analyzer for actual service was constructed, probably in 1879 and 1880, upon the 
recommendation of the Meteorological Council. A description of the machine may be found in 
Engineering for December 17, 1880; also in the Proceedings of the Royal Society, Volume 40 (1886), 
pages 382-392, where will be found tests of its working. There are seven disk, globe, and cylinder 

integrators for finding Ho, A, .A, B, B, o~ C, where b='2a, C=3a. 
The second harmonic analyzer was designed for analyzing· tides. It is provided with eleven 

disk, globe, and cylinder integrators, and serves to determine the coefficients of five principal tidal 
components. Here a=m2, b=s2, c=k1, d=o1, e=P1· 

A description of this machine is given in V.olume 65 of the minutes of the Proceedings of the 
Institution of Civil Engineers, and in Popular Lectures and Addresses, by Sir William Thomson, 
Volume III, pages 177-183. 

57. Augmenting/actors. 
If the observations used in finding any particµlar ordinate of a component do not fall exactly 

upon it, but constitute a group scattered (uniformly) over some distance on either side, the result­
ing mean value will be a trifle smaller (numerically) than the true ordinate. 

J,et any component 0 be represented by the curve 

y = 0 cos (ct + y ). (399) 

'rhe mean value of y between the times t - ~ and t + ~ (i. e., over a group r solar hours in 

length) is 

and so the augmenting factor is 

? . CT 
., Sill -,)-

_____ _:::__ Ocos (ct+ y), 
er 

(400) 

(401) 

Since this factor applies to any ordinate of the component curve, it applies to the amplitude ( 0) 

or to the components of the amplitude (<J, V). 
If in the summation of hourly ordinates for the short period tides, the extent of each group 

is a component hour (the S series excepted), then 

when c = c1, the factor becomes 

150 
r = 1 solar hour x --- . 

arc 15° 
!rsiii- 10 3o' ; 

C1 

when c = c2 = 2 c1, the factor becomes 
arc :mo 

!:! sfli15oi 
and so on. 

(402) 

(403) 

(404) 

The following table applies to all short period components, excepting the S series where no 
augmentation is required, if the sums be Ro taken that each hourly height of the original tabula­
tion is used once and once only. 'rhe value of r is one component hour. 

_;;_·" __ " __ "c_n_r_t._ , __ r,_ac_to_r_. ___ Lo_g_n_n_th_m_. _ F ; Aug1nc1lting 

l I '00286 
2 1·01152 
3 1·02617 
4 1'04720 
5 1·07513 
6 1'11072 
7 1'15497 
8 1·20920 

0·0012403 
0·0049745 
0'0112193 
0·0200296 
0·0314610 
0·0450046 
0·0025707 
o·o82498o 
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If -r be a solar hour, as is the case when each component hour of the observation perioll 
receives one and but one hourly height, the augmenting factors for the various components differ 
somewhat from one another, the difference depending upon the difference of speed. 

Their values are given in Table 38. 
If 48 half-hourly heights be tabulated each day, and if the 24 component hours be scattered 

among these 48 times as nearly as possible in constructing the stencils or making the summation, 
then -r =!solar hour in the expression (401) for the augmenting factor. 

'!'HE .A.NAL YSIS. 

58 . .As already stated in § 49, Part I, the most probable values of the unknown quantities in 
the equation 

h = H 0 + A 1 cos at+ A 1 sin at+ A2 cos 2 at+ A2 sin 2 at+ 

where at= oo, 150, 300, 3450, are 

Ho= -}-,,.--::Eh, Ai= -h :::ih cos at, A1 =}-,,-::Eh sin at, 

A.2 = -l~- 2.'h cos 2 at, A2 = -1\ 2'h sin 2 at, 

It may be well to here verify this statement. 

.. 
' 

(405) 

(406) 

There are 24 values of h, viz., h0, h1, 11,.z, h23 , given by the 24 partial or hourly s1rn1i-;, 
corresponding to at= oo, 150, 300, . . . 3450, i.e., to the 24 ·component hours. By writing equa­
tion (405) in these 24 forms, one under the other, beginning with at= o0, we have 

l·H 0 +cos oo A 1 +sin 0° A 1 +cos 2 (0°) A 2 +sin 2 (0°) A 2 + 

l·H0 +cos 15° .A.1 +sin15° .A. 1 +cos 30° A 2 + sin 30° A.2 + 

ho=O, 

(410) 

The normal equations are linear equations in the unknown quantities JL,, A 1, .A1, , having 
for coefficients the sums of the products of the coefficients of ( 410) properly taken in pairs 
- - ··----·---------- .. --·-·-··------ ·-·- -- -------·---------

.• Since the period of h iR divided into twenty-four eqnnl parts, A;,= n :::£h cos iat, is twice the average valno of 
the function h cos iat. 'Vhen the period is supposed to be divided into a large number of parts this value becomes 

J
al=Z60 j'al=l80 

A,= ~ h cos iat d(at) = * h cos iat d(at). 
1ri=O t1l=-llfO 

(407) 

Si111ilarly 

1 
al=3611 j' al= !Ml 

A,= ~ h sin iat d (at)=·~ h sin ial d(al). 
ut=O at=-1~0 

(408) 

Fou1·ie1JB series. Iu gtineral, if at be the independent variable of nn urbitrnry fnuction f (not uocCHHarily perio11ic 
as is h), we have 

A .. . 
f(at)= 2°+A1 cos at+ A.0 cos 2 at+ 

+ A1 sin at + . .::12 sin 2 at+ (409) 
where 

~i.=-1-f7;;;) COB iat d(at), 
• 7f 

at=-1" 

f 
at=rr 

1 = .!_ f(at) sin iat d(at), 
• 7f 

at=-fT 

provided 
-7r: <at< n:. 
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according to the usual rule.• Then(§ 27) because the average value of tbe sine or cosine of an angle 
successively falling on all parts of the circumference is zero, and that of (sin)2 or (cos)2 equal to~. 
the normal equations reduce to equations (406) above. 

The form "Harmonic analysis of tides," § 61, is for facilitating the work indicated by these 
normal equations. In the form, c1, s 1 are written instead of .A. 1, A1 ; c.i, s2 instead of .A.2, A2 ; and 
so on, because upon that sheet it is not necessary to have the symbol designate the component 
in any way, and so the same form answers for all components. 

The following symbols without subscripts apply to any component. But when it is desired to 
distinguish between diurnals and semttliurnals, for instance, the symbols take the subscripts 1and2. 

n denotes the speed of any component. 
V + u are together the whole argument of the partial tide according to the equilibrium theory; · 

i. e., V + u is the phase of such tide provided its interval x/n happens to be zero. 
V is the portion of V + u varying uniformly with the time. 

- r;, is the initial phase of the component ticle; i. e., the phase when t = O. 
C/n is tho time which must elapse between the beginning of the series and the first high water 

of the partial tide. 
x/n is tho interval or time between tho action of the assumed cause of the partial tide and the 

occurrence of its high water. 
" is the interval expressed in degrees; it denotes tho hour angle of the fictitious moon,§ 24, 

at tho time of high water of the partial tide. 
H is the mean value of the amplitude of any partial tide. 
R is the amplitude of any partial tide duriug the period analyzed. 

c =Reos C', 

s = R sin r;. 

f is the factor by which the constant H must be multiplied, chiefly on account of the variability 
of tho lunar orbit to the plane of tho equator, in order to give tho amplitude R. 

F is the reciprocal off. 
If it is desired to specify the several components, then the above should generally be replaeed 

by other symbols 
n =a, b, c, .. 

V + u = arg A, arg B, arg C, 

r;, = r;, (A), r;, (B), C (0), 

- r = a, {3, y, . . 

"=AO, BO, oo, 
H=A,B, O, . 

R =A', B', 0', .t , or 

= R (A), R (B), R (0) 

f =f (A),f (B),f (0) 

c = .A.1
, E1

, 01
, 

8 =A', B', 0', 

, or 

59. Ferrel's method of eliminating the effect.~ of components other than the one sought. 

(411) 

In his "Discussion of tides in Penobscot Bay," Report for 1878, Ferrel takes into account the 
fact that wherever tho series is cut off in summing for any particular component, the hourly 

6584--35 

*See~ 28, or any text-book on lenst squares. 
t Cf. Ferrel, Tidal Researches, § 97. 
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sums, and so the resulting phase and amplitude, are affected by the presence of other components. 
It is assumed that the diurnals when analyzed are free from the semidiurnals, quarter diurnals, 
etc.; similarly, that the semidiurnals are free from diurnals, quarter diurnals, etc. The amount of 
disturbance in a diurnal component due to another diurnal, is supposed to depend upon the length 
of the series and the difference in the initial phases of the two waves; similarly for any two semi­
diurnals. Jf the initial phases were each taken into account, instead of the difference merely, 
an additional argument wou Id be required in the tabulation of the corrections; !Jut it is only 
necessary to make analyses of hourly sums cut off at various places, in order to convince one's self 
that the additional argument is wholly unnecessary for a sei'les a mouth or more in length. 

'l'he height of tlle tide, or i:;urface of the sea, at any time may be written 

or 

where 

JI0 + .il cos (at+ a)+ B cos (b t + f:J) + 0 cos (ct+ r) + 

][0 + A, cos at +A, sin at 

A,= .il cos a,+ R cos (b~ (it+ f:J) + 0 cos (c...:..:: at+ r) + 

.IC= - A sin a, - B sin (b - at+ f-J)- C cos (c-=-ilt + r) + 
... ' 

(412) 

(413) 

(4J4) 

(415) 

Subscript c indicates that quantities relating to the component A have not been purilicd of any of 
the usnally small disturbances <l ue to B, C, 

Jf' we put 

A= A cos a, A=-Asina, (4Hi) 

then from ( 414) and ( 415), 

.. /( =.A - <>A, .·.A= A, + oX; (41 'i) 

.A,= .A - <!A, .· . .A =.A,+ o.A. (41S) 
Let 

(41!l) 

then 

The next step is to find the values of oX, o.A for a series r hours in le11gth. Hince the heights are 

rea1l at all times from t = O to t = r, A, and .If, will be increased or decreased hecau:-;e of the 
components n, C, , accorcli11g to the length of the series. The average valne of B cos 

(O-- at+ /j) between t = 0 and t = r is 

B __ l ___ [si11 (b - cir+ f:J) - sin ,13] ,• 
(b-ct)r 

which may be written 

sin_2 (b~ ~)! B cos [ ~(b - a)r + f3] • 
2(b-a)r ... ' 

••• - c\'A = sinJ _(~--::-a) r B cos [2 (b - a)r + fJJ + s_in_H~-= ~): Ocos [2(c - a)r + r] + 
2(b-a)r 1(c-a)r 

In like manner tl.te averag·e value of B sin (b ... :::at+ (J) is 

B --
- -· -- (COS ( b - a T + /J) - COS f:J] 1 

(b - a)r 

(421) 

(422) 

.(423) 

(424) 

•This hol1ls for any val no of r bocanso tho hoight of tho tido wavo is of necessity a singlo-valuod function oft. 
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sin~ (b - a) r . 

2 ( b _ a) T B Sill f 2 ( b - a) T + fi] . 

... + o.A = si\1 2b (b -)a)r B sin f 2(b - a)r + /31 
z( -a.r 

+ ~i~.J- (c - a-)r C i:;in f Hc - a)r + y] + 
2-(c-a)r 

.... 

547 

(425) 

(426) 

In finding the effects of B, C, . . . upon the amplitude a11d phase of A we are concenwd 
only with the length of the series; let us therefore suppose the initial phase of A,., that is 1.r,, to 1'e 

zero; tl1en -~t = o, .i( =A,. _ _ 
a A a A .·.tan aa= -----;or, tan a(=----

A+ aA Ro(A)+ aA 
(427) 

where (,(A)+ ot;, = t;, (A). (<.128) 

A= A,+ a.1~. or, R (A)= R, (A) -t r~A_° 
cos 1)'ff ' cos or; (429) 

The required values of a A, a.A are easily determined. At a time when o" = o, fJ becomes fJ - a, 
and y, r - a,. . .. - a.A and a.!T may 1'e written 

- siu2(b-a)r 
- aA = + - flb-= a)r -- B cos f Hb- a)r + r;, (A) - t; (R)] 

+ siI.~J~_:- a)~ C cos [.\-(c -· a.)r + r. (A) - r. (C)] + 2- ( C - <t) T ~ - ' -
(430) 

_,,A= sin,\- (b - a)r B · [1 (/J ) r (A) ~ (J>)] 
u = ---

2 
-(b ..:..:.ajr _ sm z - a r + .,,, - .,, > 

sin~ (c - a)r C fl.( r (A) ~ (C] + .. - -- cos 2 c-a)r+~, -<,. ) + 2 (c-<i)r 
(431) 

. 
Special ca8e.-Suppose that we are concerned with two waves, A. and B, whose speeds are 

exactly equal. Then formulm ( 430) and ( 431) give 

- a.A.= B cos [C (A)- t; (B)], 

oA = B siu [.;'.',(A) - I; (B)]. 

These values substituted in (427) and (429) clear the A of the effects of R 

(·1a2) 

(43.'3) 

Table 41 is given for the purpose of showing how the di:-;turhing effects may 1'e tabulated once 
for all for au observation pei·iod of fixed length. So mew hat smaller effects could ha vc Leen 
obtained by selecting lengths imitable for the i;everal compouents, but covering nearly the i;ame 
period. The length best adapted to the determinat.ion of a particular component would generally 
hen synodic period of that component with one or more of the largest compoueuts of it.s class, i.e., 
with diurnals or semi1liurnals according as the component is diurnal or semidiumal. 

Each tabular value consists of two parts, the first is the amplitude, or the numerical value of 

the second is the angle 

180 !.'in g(b - a.)r 
7i- 2-(b- a)r ' 

sin (b - a)~ 
01' 57 ·2!lt>'i8 ; 

T 
(b - a)2 

(434) 

2(b - a)r (435) 

but with multiples of 180° r~jected or added so as to leave the angle between 0 and +360° and, 
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when substituted in the numerator, to render the above amplitude positive; when 7( is written 
underneath it indicates that an odd multiple of 180° has been rejected or added. 

It will be noticed that the amplitude (A,) and phase ( aJ of the component sought are taken 
as they come out from the analysis; while for the components (B, C, • • • ) whose effects are 
to be eliminated, the best amplitudes and phases obtainable are to be used. In the above work 
A, B, C, . . . denote the R's of A, B, C, . . . instead of the H's, and this fact may be 
signified by accenting the A 1 B, G, . . 

GO. 1'he effect of a short-period component upon daily mean sea level. 
By ':daily mean sea level" we shall generally imply that the 24 hourly heights corresponding 

to 0", 111 , 211
7 • • • 2311 are simply added together and the mean taken. The value will obvi-

ously pertain to 1111 30m a. m. instead of noon. The sum or mean could be made to pertain to 
noon by including the 011 value of the next day, in which cai;e half weight should be given to this 
value and half to the 0 11 value of the day in question. 

Let the equation of the short-period wave be 

y = A cos (at + a ) (436) 

in which the time is supposed to be reckoned from 011 a. m. of the first day of the series as usual. 
The average height of the surface of the sea for any day (rth day of series) hi, so far as 

dependent upon A, 

y, = il"a2 cos [(24 r-=-i a)+ llz a+ a J sin 12n (437) 

since tis taken between 24 (r -1) - z and 24 (r -1).+ 23z hours. 'l'his is rendered a maximum 
or n:inimurn according as sin 12a is positive or negative by putting 

a= - 24a(r -1) -ll~a; (438) 

this gives for the maximum elevation or depression 

y,= -2~(i 2 sin 12a. 

Assuming that 24a is not far from some multiple of 360°, equation (437) may be represented 
by a curve whose abscissre are proportional to 24 (r - 1) + llz. The amplitude of this long. 
period wave, which we may for the present call L, is 

the speed is 

the phase is 

when sin 12 a is positive, and 

2!a / 2 sin 12a : ; 

S....., a; 

.:\.=a [and sot; (L) = t; (A)l, 

A.= a::!:: 1800 [and sot; (L) = C (A)::!:: 1800] 

when sin 12 a is negative. 

(439) 

(440) 

(441) 

Again, suppose that a' represents the phase of A at any given midnight. The mean of the 24 
hourly heights for the following day is, § 27, 

t=23 A sin 12a ·h- :E A cos (at+ a')= _
9

_
4

_ . -y- cos (11 za +a'); (442) 
t=O ~ filn2a 

that is, discrete intervals increase the value of L. • 
The following mechanical means of determining the average height of the sea for any given 

day has been suggested by Prof. J.C. Adams: t 

* See Laska, Sammlung v'on Formeln, pp. 409, 417. t Report B. A. A. S., 1883, p. 104. Or §9 68, 69, below. 
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The value of y, the average daily height for midnight preceding the rth day, dependent upon 
several short period components A, B, is 

A sin 12a -- B sin 12b -- b 
y = 24 . ~ cos [24 r - 1 a+ a]+ - 2-4 

'--Y-b cos [24 r -1 + /J] + sm a· sm 2 
(443) 

or if i be written for r - 1 

y = ~48!~nl:: cos [24ia +a]+ {48!~111:: cos [24ib + fi] + 1444) 

while the expression for the height of the tide at any time is 

y = A cos (at+ a) + B cos (bt + fi) + (445) 

If a tide predictor which mechanically sums (445) when the amplitudes introduced into it 
are A, B, , be set with amplitudes 

and with phases 

A sin 12a B sin 12b 
2~fsin ~a ' 24 sin ~b ' 

(446) 

(447) 

(to any of which 1soo should be applied when the amplitude (446) is negative) it will give at Uh 
30m of each day the average value of the 24 hourly heights of that day so far as these heights 
depend upon A, B, · • 

61. Example showing the applicat-ion of the harmonic analysis. 

Hourly tidal ordinates. 

Station, Sitka, Alaska. 
Observer, Fremont Morse. 
Tabulator, A. F. Z. 
Kind of time used, mean local civil. 

Day of July I 2 month. 

DaY. of J 2 sen es. 

h. m. Fut. Feet. 
0 00 13'9 13·1 
I 00 14'5 14·1 
2 00 14'2 14'4 
3 00 13·0 13·8 
4 00 10·9 12·2 
5 00 S·5 10·1 
6 00 6·o 7'5 
7 00 4'3 5·5 
8 00 3·5 4·1 
9 00 3·9 3·9 

IO 00 5'3 4'7 
II 00 7'5 6·5 
Noon. 9·5 s·4 
13 00 ll'4 10·5 
14 00 12·5 12·1 
15 00 12·S 12·9 
16 00 12·3 12·8 
17· 00 II'! 12'0 
18 00 9·S 10·7 
19 00 8·S 9·4 
20 00 S·4 8·5 
21 00 s·s S·3 
22 00 10·0 8·9 
23 00 11·5 10·2 

--------
Sums. 232·4 234·6 

3 4 5 

3 4 5 

Feet. Feet. Feet. 
II 0 6 10·0 8·4 
13·0 I 1·4 9·6 
l3°S 12·5 10·9 
13°8 13·2 12'0 
12·9 13·0 12'4 
II'2 II'9 12·3 
s·9 10·1 II'I 
6·S S·o 9'5 
4·9 6·1 7'6 
4·1 4·S 6·o 
4·2 4'3 5·1 
5·3 4·9 5·1 
TI 6·2 5·7 
9·2 8·2 7'2 

ll'2 10·2 9·2 
12·4 u·7 10·9 
12·8 12'7 12·4 
12·4 l2'S 13 '1 
l I '3 12·2 13·0 
10'0 10·9 l2'I 
s·s 9·5 !0'7 
7'9 8•3 9·1 
8·o 7'6 s·o 

Lat. 57° 41 N.; long. 135° 2o' W. 
Date, 1893. 
Tide gauge No. 34; scale, ,.i,;. 
Readings are reduced to staff. 

6 7 
Horizontal 

SUlllS. 

6 7 

-
Feet. Feet. 

7'3 6•8 71·1 
8·o 6·7 77'3 
9·2 7'3 S2·3 

10·4 s·5 847 
II'5 9'7 82·6 
12·0 10·S 76·8 
11·7 II'3 66•6 
IO'S 11·2 56·1 
9·3 10·5 46·0 
rs 9·3 39·S 
6·5 s·1 38·2 
5·9 7'1 42·3 
6·o 67 49·6 
6·9 6·9 6o·3 
s·4 7'9 71 ·5 

!0'2 9·3 So·2 
u·9 II'O 85·9 
13·1 12'6 Sp 
13·6 13'7 84·3 
13'2 14'0 7S·4 
12'1 13'5 71·5 
10·5 l2'I 65·0 
s·8 10·4 61'7 

I 

8·7 7'7 7'3 7'4 S·5 

~ 230·3-- 228·2 --1228·7-- 232·5--
----

233·9 l 620·6 
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Hourly tidal ordinates. 

Station, Sitka, Alaska. 
Observer, Fremont Morse. 
Tabulator, A. F. Z. 
Kind of time used, mean local civil. 

Day of 
1 

J 
month. J July 8 I 9 

Day of I 
series. 8 9 

IO 

IO 

II 12 

Lat. 57° 41 N.; long. 135° 2<Y W. 
Date, 1893. 
Tide gauge No. 34; scale, fG. 
Readings are reduced to staff. 

13 14 
-· ---·--- -----------1------1 Horizontal 

SU111S. 
11 12 13 

-i---~ I--~-~~-,.-- s:;el. IO:;e1. 12~eel. 14~e/. 16°~ePI. 16:;.eel. 84·4 

l 00 I 6·1 6"4 T6 IO"O 12°3 14·8 16"1 73·3 
2 oo 5·8 5·3 5·6 7"3 9·6 12"·3 14·6 6o·5 
3 00 6·5 5·0 4·2 5·0 6•6 9·3 12·1 48·7 
4 oo TS 5·5 3·9 3·5 4·1 6·1 8·9 39·:; 
5 00 8·9 6"8 4·5 3·0 2·5 3·6 5·7 35·0 
6 oo ! I0"2 8·4 6·o 3"8 2·2 2·0 3·2 35·8 
7 00 11"0 9·9 7"9 5·5 3·3 2·0 1·9 41·5 
8 oo u·2 10·9 9·7 T6 5·2 3·2 2·1 49·9 
9 00 I0"7 II"5 II"I 9·7 rs s-6 3·8 6o·2 

IO 00 9·9 l l ·3 I l •8 II ·5 I0"2 8·4 6·4 69·5 
I I CO 8·9 I0°6 I I ·8 12"4 12"0 l l "O 9·3 76·0 
Noon. 8·o 9·6 II 0 2 12"4 12"9 12"6 II ·7 78·4 
13 oo r6 8·9 I0"3 u·6 12·8 13·5 13"3 78·0 
14 co 7"9 8·4 9·2 IO"S 11·9 13·2 13·9 75·0 
15 oo 8·8 8·5 8·6 9 ·2 I0·5 12·' 13 ·4 71·1 
16 oo I0·2 9·3 8·6 s·s 9·1 I0"5 11·9 68·1 
17 oo 11·s I0"7 9·5 s.4 8·2 s·9 10·1 6r6 
18 oo I 13·4 12·4 10·s 9·4 s·2 r 9 8·5 70·6 
19 00 14·4 I3"9 I2"6 11·0 9·2 8"I 7"7 76·9 

~ 20 oo I I4"5 I4·8 I4"3 I2·8 Io·9 9·1 r9 s4.3 
21 00 13·8 I4"9 15·3 14"5 I3"0 lI"I 9"I 91·7 

I " :_ 11_1_1~_:_~---1--!~_:_~---1--!-~_:! ___ 1 __ !5_5_:~---1-!_i_:_~---1--!-~_:~ ______ !3_1 :_~---1--~-~-:~--1 
236·6 237°5 234 ·3 231 ·2 227°7 229·8 i 232·5 l 629·6 

Hourly tidal ordinates. 

Stat.ion, Sitka, Alaska. 
Observer, Fremont Morse. 
Tabulator, A. F. Z. 
Kind of time used, ·mean local civil. 

Day of I 
1nonth. July 15 16 17 18 

Lat. 57° 41 N., long. I3S 0 20' W. 
Date, 1893. 
Tide gauge No. 34; scale, 11.;. 
Readings are reduced to staff. 

20 1 --:-·--1 -Horizontal 
_D_n_y-of_I _____ ----- -----1----- -----11----- ; sums. 

series. 15 16 17 18 19 20 21 I 
--II-. -,,-,_- ---F.--e-et-. --,----;;;;;--

o 00 15"2 13"9 
I 00 16°2 I5"6 
2 00 15"9 16·3 
3 00 I4"3 15"9 
4 00 II •6 I4"0 
5 oo s·5 u·4 
6 oo 5·4 1 8·3 
7 00 3"I 5·6 
8 00 2·4 4·1 
9 00 3·1 3"7 

IO 00 4·9 4·7 
II 00 ?"8 6·8 
Noon. [ I0"5 9·4 
I3 00 12°8 12·0 
14 00 14·3 13·9 
15 00 14·5 14·9 
16 00 13·7 14·9 
17 00 12·0 13°6 
18 00 I0"2 II 0 8 
19 00 8•6 9·9 
20 00 7"9 8·4 
2I 00 8·2 7"9 
22 00 9·6 8·5 
23 00 I I 0 8 IO"O 

Sums. 242·5 255·5 

&ct. 
l I 0 8 
13"8 
15"2 
IS"6 
14"8 
13"2 
I0"5 
T7 
5·6 
4·4 
4·5 
5"7 
7"9 

10"2 
I2"6 
I4"I 
I4"7 
14· I 
12"7 
I0"7 
9·0 
7"7 
T3 
7"9 

2517 

Feet. 
9·3 

II ·o 
12·7 
I3"7 
13"9 
13·2 
11·4 
9·1 
TI 
5·6 
5·0 
5·5 
6°8 
s·8 

I 1·0 
12"8 
I4"0 
14"2 
13"4 
u·8 

Frei. 
T6 
s·3 

!0"3 
I I ·7 
12·5 
I2"7 
I 1°9 
10·4 
8·7 
TI 
6·1 
5·9 
6·5 
T8 
9·7 

I l "5 
13·0 
I3"7 
13·6 
I2°6 

Fut. 

1

. Feet. 
6°8 7"2 7I"8 
7"3 TO 797 
8·3 7"3 86·0 
9·6 8· I 88·9 

I0"7 9·2 86·7 
I I ·5 I0"2 80·7 
I1°6 Il"O 70·1 
II "O II "2 58°I 
9·9 I0"9 48·7 
8•8 10·2 42·9 
7"7 9·4 42·3 
TI 8·7 47"5 
TI 8·3 56·5 
rs 8·5 6r9 
9·1 9·1 79"7 

I0"6 10·2 88·6 
12·2 II"4 93·9 
13"2 12"7 93·5 
13 ·6 I3 ·5 ss·8 
13"4 13·8 So·8 

10"1 11"1 I2"4 13"4 72·3 
8·4 9·4 I0"9 12"4 64 ·9 
7"3 8°1 9·4 !0"9 61·1 
rr 7·1 8·o 9·4 61·3 

-----1------1-------1------1 
I 243 ·2 I 23r8 23s·o 244·0 1 712.7 

.. -- ------------'---------''-----·----~-----~ 
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Hourly tidal ordi11ates. 

Station, Sitka, Alaska. 
Observer, Fremont Morse. 
Tabulator, A. F. Z. 
Kind of time used, mean local civil. 

Dny of 
July 22 23 n1onth. 

-·-

Da¥ of 22 23 sen es. 

------

"· ?n. Feet. Fret. 
0 00 8·o 8·8 
I 00 r2 r6 
2 00 6•8 6·5 
3 00 7·0 6·o 
4 00 n 6·2 
5 00 s·s TO 
6 00 9·8 8"I 
7 00 !0"6 9·3 
8 00 11·0 10·2 
9 00 w·9 w·8 

IO 00 w·5 w·9 
I l 00 9·9 w·7 
Noon. 9·3 10"2 
13 00 9·0 9·7 
I4 00 9·1 9•3 
15 00 9·6 9·3 
16 00 w·5 9·7 
17 00 I I ·5 10·5 
18 00 12·6 11·6 
19 00 I3"3 I2-6 
20 00 13.3 13 ·2 
21 00 12"9 13·3 
22 00 I l "9 12·8 
23 00 10·4 I I ·6 

24 25 26 

24 25 26 

Feet. Feet. Feet. 
10"1 11·4 12·9 
8-4 9·7 11·3 
6·9 rs 9·2 
5·8 6·2 r2 
5·4 5"I 5·5 
5·7 4·8 4·8 
6·5 5·3 4·7 
T9 6•6 5·8 
9·2 8·2 7"4 

w·4 9·7 9·0 
ll"I Il"O 10·8 
JI ·3 11·7 12"2 
10·9 117 I2"6 
w·4 11·4 I2"5 
9·8 10·6 n·S 
9·3 9·8 10·9 
9·3 9·3 IO"l 
9·7 9·3 9·6 

w·6 10"0 9·9 
I I ·7 II ·1 10·8 
12·8 12"4 12"2 
13"4 13·4 13"7 
I3"4 14"0 14"9 
I27 13·8 15·3 

Lat. 57° 41 N., long. 135° 201 \V. 
Date, 1893. 
Tide gauge No. 34; scale n· 
Readings are reduced to staff. 

27 28 

Horizon tn 1 I 
SlltllS. 

27 28 

Feet. Feet. 
14·9 14·8 So·9 
13 ·5 14·3 72·0 
u-6 12·5 61·3 
9·2 !0"3 51·7 
TI rs 44·8 
5·4 5·7 42·2 
4·7 4·3 43·4 
5·1 4·0 49·3 
6·4 4·9 5n 
s·2 6•6 65·6 

lO"I s·s 73·2 
12"0 w·9 78·7 
13·0 12"5 So·2 
I3"2 13·2 79·4 
l2"6 I3"0 76·2 
JI"6 I2"I 72·6 
10"3 10·7 69·9 
9·4 9·4 69·4 
9·1 8•6 72·4 
9·5 8•6 77·6 

10·7 9·4 84·0 
12·3 w·9 89·9 
13·8 I2"7 93·5 
14·9 14·2 92·9 

------.------· ------------------------------------
Sums. 241·6 1235·9 

J-/011rly tidal ordinates. 

Station, Sitka, Alaska. 
Observer, Fremont Morse. 
Tabulator, A. F. Z. 

232·7 

Kind of time used, mean local civil. 
---

Day of 
July 29 

Day of 
month. month. 

Day of 
29 

Day of 
sen es. sen es. 

- --- -----

"· m. Feet. "· m. 
0 00 15"0 7 00 

I 00 14·9 8 00 
2 00 1y8 9 00 

3 00 ll-8 10 00 

4 00 9·1 II 00 

5 00 I 6·6 Noon. 
6 00 I 4"7 13 00 

- .. 

234·3 

July~ 

29 

------·· 

Feet. 
3·8 
4·0 
5·4 
TS 
9·8 

II"9 

' 
13. I 

' 

:745"I 248·6 

Day of 
111onth. 

I July 29 1j 

~-·-·--- --
Day of 

29 
' 

series. 

-· ·------
I "· 'Ill. Feet. 

14 00 13"4 
15 00 12·8 
16 00 11·5 
17 00 10·0 
18 00 8·s 
19 00 8·2 

' 

240·2 I 678•4 

Lat. 57° 41 N., long. I35° 20' W. 
Date, 1893. 
Tide gauge No. 34; scale n-. 
Readings are reduced to staff. 

Day of 
month. July 29 

------
Dn): of 

29 scnes. 

"· m. Feet. 
20 00 s-6 
21 00 9·8 
22 00 II ·7 
23 00 13·4 

------
Sums. 239·6 
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Hourly sums. 

' Station, Sitka, Alaska. Lat. 57° 41 N., long. 135° 201 W. 

Component, M. 
Computer, D.S. B. 

Year. Month. Day. Hour. 
Observations begin 1893 July I o 
Observations end 1893 July 29 23 

Kind of time used, mean local civil. 

1

---P-ag_e_. ___ o_• ___ ••_ 2• 3• 4b 5• 6h 7• __ s•_\ __ 9•_ 10• _:~-
I 89•3 91·4 88·0 78•9 73·6 50·8 39"9 34"5 42"0 i 43·6 55·8 69·1 
2 62·9 75·6 83·9 98·9 82·7 75·2 66·4 67'8 57'2 I 62·2 71·8 84·9 
3 8o·1 105·9 99·0 98·1 C)0"8 1· 79·2 75·8 48·1 44·5 46·0 6o·6 62·6 
4 102·6 82·5 84·1 82·1 86·5 63·4 51·2 487 39·8 41·2 40·0 48·2 
5 15·0 14"9 13"8 11"8 9·1 6·6 4·7 3·8 i 4·0 5·4 7'5 ___________ ! ________________ _ 

Sums. 334·9 370·4 369·9 371·8 345·4 [ 277'7 239·9 203·8 187'3 I 197'0 233·6 272·3 

ans. n·55 12"77 13·21 12·82 11·51 i 9·92 8·27 7'03 6·46 6·79 8·o6 9·72 
Di visors. 29 29 28 29 30 28 29 29 29 I 29 29 28 

icluals. +r66 +2·88 +3·32 +2·93 +1·62 I +0·03 -1·62 -2·86 -3·43 -3·10 -1·83 -0·17 

===·~============o..==·c=· =:=· ==-·~o__..o_;· . ---

1 Page. _'_•_• _ ~ _'_4_•-!---~ ~J~!~ll_i_ ~ _._,_• _ _"'_ ·~ 
l 81·0 103"0 ro3·5 . 86·0 76·9 66·4 50·7 54•8 47'4 52·6 6o•4 81·0 
2 · u2·9 92·3 92·4 86·0 73·7 66·3 46·7 32·9 24·9 25·2 38·9 47'9 
3 12·0 93·9 97'3 ro4·8 95·0 66·4 52·0 I 41·4 37'4 44·9 51·3 65·6 
4 59·0 81·8 79·9 83•6 82·9 79·0 82·4 ' 75·7 64·3 66•3 72·3 8o·9 
5 9·8 II"9 13·1 I 13"4 12·8 · 11·5 ' ro·o I 8·8 8·2 8·6 21·5 13·4 

Sums. 
Divisors. 
Means. 
Residuals. 

______________________ ! _______ ---------

334·7 382·9 386·2 I 373·8 341·3 289·6 241·8 ; 213·6 182·2 197'6 244·4 288·8 
29 30 29 29 29 29 29 I 30 28 29 30 ~9 
Il"54 12"76 13"32 12"89 11"77 9"99 8·34 I 7'12 6·51 6•8t 8·15 9•g6 

+1·65 +2·87 +3"43 +3·00 +1"88 +o·ro -1"55 j-2·77 -3·38 -3·o8 -1·74 +0·07 

Sum of means= 23r27 
Mean = 9·88H 
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Harmonic analysis of tides. 
Station, Sitka, Alaska. 
Beginning of obs'ns, July 1, 1893, d1. 

I. 2. 3· 4. 5. 6. 7. 

1-'2 2d~3 
reveraed 

-------
h. h. 
0 +1·66 12 +1·65 +0·01 ....... I I I 
I +•·SS 13 +2"87 +0·01 -0·24 :m ·7071 ·259 
2 +3"32 14 +3"43 -O'II -0·09 

I 
0 - 0866 

3 +.-93 15 +3"00 -0·07 -0·02 ·707 - ·707 - ·707 
4 +1°61 16 +1·88 -0"26 -0·05 •5 - I I •5 
5 +0·03 17 +0·10 -0·07 I ·259 - ·707, 0¢6 
6 -1·62 18 - 1·55 -0·07 :-:~:~.I 0 o I o 

~ 
-2·86 19 -2·77 -0·09 
-3"43 20 -3"38 -0·05 

9 -3·10 21 -3·oB -0·02 
10 -1·83 22 -1·74 -o·og 
II -0·17 23 +0·07 -0·24 25. 26. 

COMPO:SENT M. 

8. 

--

+0·01 
+0"25 
-0·02 

-0·05 
-0·21 
+0·02 
-0·07 

27. 

9· 

5x8 
12 CJ 

---

'+0·010 
.+0·242 
-0·017 
-0·035 
-0"105 

I~~:':".~. 

10. 

6X8 
12 C3 

---

+0·010 
+0·177 
········ +0·035 
+0·210 
-0·014 ........ 

II. 

7x8 
12 cs 
---

+0·010 
+o·o65 
+0·017 
+0·035 
-0·105 
+0·019 
........ 

11
+0·100 

1
+0·418 1+0·041 ,

1 . _+0·~3. +0·0348,+0·0034 

28. 29· 30. 

12. 

--

0 
·259 
·5 
·707 
•866 
"¢6 
I 

31. 

Lat., 57° 41 N.; long., 135° 2o' W. 
Middle, July 15, 1893, 12h. 

·~~~118., 
3+4 12x15 13x15 I 14x15 

12s1 12s3 12s5 

----- -- --- -------

:..:~: ~63 ·I :..:~:;2; . 0 0 +0·01 
·707 "¢6 -0·23 -o·o6o 
1 [ ·5 -0·20 -0·100 -0·200 -0·100 

·~of :;\U -0·09 -0·004 -o·o64 . +0·004 
-0·31 -0·268 ........ ·+0°268 

- "707 ·259 -0°16 -0·155 +0·113 '-0·041 
- I I -0·07 -0·070 +0·070 l-0·070 

11-0·111 1-0·244 I 0·1~ 
-0·0598 -0·0203. -o·oo&i 

32. 33. 34. 35. 

20. 22. 23. 
25x29 26x29 27x29 28x29 

12 S6 
23+24 2d half 

+ 
+ 
+ 
0 

+0·010 
-o·o65 
+0·017 
-0·035 
-0·105 
-0·019 

-0·197 
-0·0164 

21. 

0 

+ 
+ 
+ 

21x18 
12 S7 

-0·222 
+0·100 

+0·004 
-0·268 
-0·041 
+0·070 
-0·297 
-0·0248 

1+2 2d half 
of 23 

1 
•866 

+3"31 
+5·15 
+6·75 
+5"93 
+3"50 
+0·13 
-3·17 
-5·63 
-6·81 
-6°18 
-3"57 
-o'IO 

·5 
0 

-3·17 -·5 
-5·63 -·866 
-6"81 
-6°18 
-3·57 

0'10 

I 
·5 

-·5 

0 

·5 
"866 
I 

•866 
·5 

37. 

0 
•866 
•866 

+ 
0 

0 

+ 
0 

0 

+ 
0 

0 

+ 

+ 6•48 
+H"38 
+13·56 
+ I2'1I 
+ 7"07 
+ 0·23 

12 C:z 12 S:i 12 C6 24 ah of 34 

+ 6:48o ~ + 6·4So ~ +0:141 -0:-5 
+ 9 855 + 5 69o . · • · • • · · · +II 38o +o 12 -o 07 
+ 6"78o +11"743 '-13·56o .... •·• •• • -o·o6 ___±_O~ 
.... :·· ... + 12:110 .... :·· ... -12·110 -0:2

51 
- 3 535 + 6 123 + 7 070 . . . . .. . . . . -o 07 
- 0·199 + 0·115 .......... + 0·230 +0·03 

11
+19°381 1+35·781 1- 0·010 1- 0·500 1·1· ....... . 
+ 1·6151 + 2·9818[- o·oooB - 0·0417 ........ . 

41. 42. _43· 1_44. [---:-1 
34+35 41x43 ~I 

~'-3-9· ___ 4_0_. -

+0·39 
+0·19 
-0·09 

+0·390 
+0·095 +0·165 
+0·045 -0·078 
+0·530 I +o·oB1 Ji 
+0·044~ +0~7~j 

---------1~ __:__::__ 
I 0 -O'II ·1-0'IIO 

-·5 ·866 +0·05 -0·025 +0·043 
-·5 -·866 -0·03 +0·015 +0·026 

II -0·120 J +o·o6cj! 
! -0·0100 +0·005 

-------111--M_,_ ~\ ___ ~ --~ --- ---
tan'= ~. 

Log. s.......... . 8·7767on 0·47448 7"85733 8·62014n ............. . 
Log. c........... 7"9•908 0·20820 8·64345 6·90309n ............. . 
I,og. tan'.... . 0·85762 o·266J8 9·21~88 1·71705 .............• 

'..... . 277°·9 61°·6 9 ·3 268°·9 ............. . 

Vo+;:,·::::::::: ~~:~ 30;~:~ ~~:~ I~~:~ ::::::: ::::::: 
K • • • • • • • • • • 2<>g0"2 30•9 2530·9 95°"8 • • • • • • • • • • • • • • 

Log. [cos] sin'· 9•99586 9·94414 9·20815 9·99992 .. · •.. 
878o84 0·53034 8"649181....... 8·62022 : : .. : . : : : : : .. . 

Log. aug. fac... 0·00124 0·00497 0·02003 . . . . . . . 0·0456o ............. . 
Log. R.......... 8°78208 0·53531 8°66921 , . . . . . . . 8°66582 .. 

.__~_~_:_~_:_~.:_:~-~-~:_:~-~~~'--i-~-~-~-~_1-'-_!_:i_~_i_~_;_,__~-'---!-~-~-~-7~1-~_~:_:_:_::.:._!_:_~_1 ;_;_!...:_~_~_::_:·· :::·::·I 

«='+ Vo+u. 
s c 

R ~sin' xaug. fact.= cos' xaug. fact. 

H=RxF. 
«=«'+n(S-L) 

[when local Vo +uisused; observations In local 
time]. 

«=«'+ 15p(S-L) 
[when standard meridian (S) Vo+ u is used; ob­

servations In standard time] . 

«=«'+nS-15 PL 
[when Greenwich Vo+ u is used; observations 

In standard or local time]. 

Looal V 0 +u at local midnight= Greenwich V 0 + u+ correotlon, Table 5, which is L (11-llip). 

Local V0 +uat midnight stanclard time= Greenwich Ve+ u+ correction, Table 6, +n (S-L); or L (n-llip) +n(S-L),=n S-15pL 
For diurnals, p= I; for somidluruals, p = 2, etc.; for long-period tides, p=O. 
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62. Fonnulm for inferring amplitudes and epochs. 

Amplitudes. 

{
0·079 o, 

J, = 0·056 K1 

2 Q= 0·026 o, 
P• = 0·038 Oil 

00= 0·043 o, 
P, = 0·331 K1 

Q, = 0·194 01 

Ko= 0·272 S, 

{
0·145 N, 

L.= 0·028 M 2 

2N= 0·133 No 

R,= 0·008 S, 

T,= 0·059 S, 

A., = 0·007 Mz 
µ,= 0·024 M, 
Vz= 0·194N, 

Epochs. 

J10 = K,o + o·496 (K,o - 0,0) 

2 Q 0 = K,0 - 1·992 (K, 0 - o, 0 ) 

p,o = K,o - 1·429 (K,o - 0,0) 

00°= 2K1°-0, 0 

p 1o = K,o 

Q10= K,o 

Ko0 = S,0 

{
2M2° 

L.o= s,o 

2N°= 2 N 0° 

R,o = s,o 

Too= s,o 

-N2° 

-0·464 (S,0 - M,0 ) 

-M,o 

;t,o = s,o - 0·536 (S,o - M,o) 

11,o = 2 l\:1,o _ s,o 

Vz 0 = Mo0 -0·866(M2°-Nz0 ) 

63. Clearance from the e..tfects of other components. 

Computation of equilib1·iu11i ai·guments Vo+u. 

Sitka, Alaska, July 1-29, 1893. 

ELEMENTS. 

Beginning of series, Tables 3 and 4. l\liddle of series, Tables 6, 7, 8, ancl 9. 

h p p, 

I Vo+u. 
I 

Com-

I 
po- Carree. 

nent. From Table l ~Greenwich) Numerical values. ti on Local 
l=o, 111i night. from Vo+u. 

Table 5. 

-- -·· ------
0 0 0 0 0 0 0 0 0 0 

J• ti.+s-p+900-v 99·27+303·09- 6<)•79+ 90·00-4·54 58·03 + 4·27 62·30 
2Q li-4 s+2p-90°+2 (-v 99·27-132·36+139·58- 90·00+8·18- 4·54 20·13 -19·31 0'82 

P• 3h-3 s-p-90°+2 E-v 29]'81-189·27- 69·79- 90·oo+b·18- 4·54 312·39 -13·76 298'63 
K, li+go0-v' 99·27+ 90·00- 3·24 186"03 + 0·37 186·40 
o, h-2 s-90°-1-2 E-v 99·27-246' 18- 90·00+ 8·18-4·54 126·73 - 9·52 11]'21 

00 h+2 s-1-90°-2 E-v 99·27+246'18-I- 90·00- 8'18-4·54 62·73 +10'26 72•99 
p, -li-900 - 99·27- 90·00 170•33 - 0·37 l6<}"g6 
Qz li-3 s+p-go0 +2 E-v 99·27-189'27+ 6g·79- 90·00+8·18- 4·54 ~~n~ -14·42 239·01 
K212/i-2v" 198·54- 6°86 + 0·74 192·42 I Lo 21'-s-p+1Bo0+2 E-2 v-R 198·54-303·09- 6g·79+18o·oo+8·18- 9·oS-11·97 352·79 - 4·25 348·73 

. Mi I h-s+90o+E-•+Q ~·27-303·09+ go·oo+ i--~-4·54+50·23 295·87 - 4·57 291·30 
M2 21z-2s+2E-2 v I ·54-246·18+ 8'18- 311'46 - 9·15 302·31 
M• '4 !1-4 s+4 i-4 v 3]'08-132·36-I- 16·36- 18'16 262·92 -18'28 244·64 
M6 6h-6s+6 -6v 23s·62- 18·.'i4+ 24·54- 2r24 214·38 -2rso 186·88 . 
N. 2h-3s+p+2E-2v 198·54-189·27+ 6<)•79+ 8°18-9·08 78'16 -14·04 64'12 . 

2 N 2h-4 s+2p+2 f-2 v 193·54-132·36-I- 139·58+ 8'18-9°08 204·86 -18·94 185·92 ! 
s. 0 0 O'Qo;) o·oo 0'00 
T. -li+P, - 99·27+281·11 181°84 - 0·37 181·47 ' 
/"2 4h-4s+2e-2v 3ro8-132·36+ 8°18- 9·o8 263·82 -18·28 245·54 I .. 4 /1-3 s-p+2 e-2 v 3]'o8-189·27- 69'79+ 8°18-9'08 13r12 -13•39 123·73 / 

; 

~~~1 
Tahles I 

J01 II, 121 

13. 

----

9·95652 
9·93166 

0'00000 
9·9~66 
9·8 37 
9·92319 
9·92037 
0'01483 
0°02966 
0·04449 
0·01483 

0'00000 

0·01483 
0·01483 
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\Vhen the series annlyzed is practically a calendar year, tho value of Vo+ u can be taken, without computation, 
from Table 3, and adapted to the time meridian by Table 5; the F and f can be taken, without modification, from 
Table 10. 

1 ... .,:. .,-

0

F-+r-o

1

-,m-n_u_x_iFl·-ia-ry-

1

,-ta_b_le_fs.·--_ -_ ---------------F=·r=o=m=n=1-1.,..a=ly~s-i:_-a=n=d~i-.1_1_f_e-~re-~n=c-e_.========~=·-F-· r-R_0-~-· --==R-_-_-.. ,-_F_:_m_.=.q 

v< H • K analysis fx H analysis K-(Vo+u) 

--------1------------1---- --- ---·---· --
fi, 0 0 

J1 
2Q 

P• 
Ki 
01 

00 
p, 
Q, 
K, 
l., 

M, 
N, 

2N 
s, 
T, ,,., 
v, 

62°30 
00·82 

298·63 
186·40 
117"21 
72"99 

169·¢ 
239·01 
192·42 
348·73 
302"31 
64·12 1 

185·92 
o·oo 

181·47 
245"54 
12373 

0·86569 
0·85439 
0·85439 
0·90474 
0·85439 
0·58221 
1·00000 

0·85439 
0·77512 
0·83790 
1·03475 . 
1·03475 ' 
1·03475 

:::\ 1·03475 
1·03475 

n5515 
1"17043 
1"1)043 
1"10528 
1·17043 
r71759 
1°00000 

1·17043 
I 29014 
1'19.1146 
O"</>li41 
o"<J(>b41 
0 q6641 
1·00000 
1·00000 
0•96641 
0·¢<>41 

0·079 o, =0·0755 
o·o:z6 01 =0·0219 
0·038 o, =0·0363 
1·8173xo·8230 =1·4956 

0·043 o, 
0·331 K 1 

0·194 o, 
0·272 s. 
0·145 N, 

0·9561 
=0·0411 
=0·4948 
=0·1855 
=0·2933 
=0·0897 

3•5493 
0·6:83 

0·133 N2 =o·o822 
0·8046 X 1 ·34o8 =I ·0788 
0·059 s, =o·o636 
0·024 M, =o·oS52 
0·194 N:z =0·1200 

2 K 10-010 

P1o=K10 
K 10-1·495 (K1o-o,o) 
K:zO=S:zO 
.2 M:iO-N:zO 

2 N:zo-?t1I,o 
~:10·6- 140·6 
i'.o=&..o 
2 !V1 2D-S:;zo 
M 2o-o·868 (M,o-N,o) 

=137°"7 
= 83°"2 
= 95°·.~ 
=126°·3 

1040·9 
=148°·7 
= 126°·s 
= 940·1 

= 39°·0 
= 33°·3 

3°·9 
334°'5 

=3050·1 
= 39°·0 
= 39°·0 
=328°·8 
=338°·4 

Froni Table 31, mean of four values, June 30--July 30. 

Acceleration of K, due to P, = - 10°·45 X F (K,) = - 9°·455 

1·8772 
0·2113 

l "2792 
0·1762 
3•4301 
0·5976 

0·8o46 

0·1523 
1·0559 I 

o·o872 
0·0291 
0·0425 
1·6531 
1·1190 
0·07o6 
0·4948 
0·2171 

0·3784 
0·1071 
3·4301 
0·5976 
0·0794 
1·0788 
o·o6;16 
o·o823 
0'116o 

309·9 
3477 

278·7 
2,,8·7 ' 
85·4 
56·5 
61°6 

270·4 

53·6 

133·6 
277"4 

Resultant amplitude Kand P = [( 1·2378 - l") X F (K,)] + l" = 1'2151; recip. = 0·8230 
Acceleration of S, due to K. = - u 0 ·825 Xf(K,) = - 15·256 

" " S2 due to T2 = + 0°·675 
" S, <lue to K, and T, = - 15°·256 + 0°·675 = - 14°·581 

Resultant amplitude S, and K, = [(0·8475 - r) Xf(K,)] + l = o·So33 
S, and T, = 0·9425 

" S, and K, and T, = o·So33 + 0·9425 -1 = 0·7458; recip. = l ·34o8 

64. Application of elimination tables. 

-oK1=+0·050 J 1' cos [ n°+~, (K1)-' ( J 1 ]+0·0565 0 1' cos [3380+.:, (K1)-.: (01)] 
+0·0.11i 00' cos [22°+~". (K1)-I;: (OO)J+<Hlt>9 P 1 cos [331o+c (K1)-\;; (P1)] 
+0·052 Q1' cos [328o+~AK1)-\;; ( Q1)]+0·049(2Q')cos l319o+c (K1)-((2Q)] 
+0·011 p 1' cos [354°+C«(K1)-( ( Pi)]. 

aK1=+0·0.JO J1' sin l9° +(, (K1)-.: ( J1)l+0·0565 0 1' sin f338o+.:, (K1)-.: ( 0 1)] 
+o·05600'sin [220 +C, (K1)-( (00)]+0·91>9 P 1 sin [331o+c (Kt)-C (Pi)] 
+0·052 Qt' sin [3280+(, (K1)-( ( Q1)]+0·049(2Q') sin [319o+i;, (K1)-.: (2Q)J 
+0·011 Pi' sin [3540+(, (K1)-( ( Pi)]. 

75·4 
82"4 

156·9 
300·4 
347 7 

75"7 
316·8 
215·1 
2o6·6 
44·6 
61°6 

270·4 
119·2 
39·0 

217"5 
83"3 

2147 

Here J1' signifies the R of J1, or R (J1), and not J1 (or the Hof J 1) nor R (J1), which means 
the R direct from analysis and so before the effects of the other scheduled components upon it have 
been eliminated. Similarly for Ot', P 1, Q1', etc. 

-0K1=+0·05o?<o·o872 cos ( 90+3100_ 75°)+o·0565xl·l190 cos (33so+3100_34s0) 
+0·056x0·0706 cos ( 22°+310°- 7UO)-t<Ml59 x0·4948 cos (3310+3100-317°) 
+0·052 x 0·21 il cos (328°+310°-2150)+0·049 x 0·02!Jl cos (3190+3100- 82°) 
+<>-011x0·0425 cos (3540+3100-1570). 

=+0·0043 cos 2440+0·0632 cos :~000+0·0040 cos 256o+o·4745 cos 3240+0·0114 cos 630+ 
0·0014 cos 1870+0·0005 cos 1470. 

=-0·0043 X 0•438+0·0ln2 x O·iiOll-0·0040 x 0·242+0·4745 x 0·809+0·0114 X 0·454-0·0014 x, 
0·9!l3 - 0·0005 x 0·1-1:~n = - o·oo rn + <Hl3 rn - 0·0009 + 0·3839 + 0·0051 - o·oo t 4 - 0·0004 = 
+<HlCO. 
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- I 

oK1=+0·0043 sin 2440+0·0632 sin 3ooo+o·0040 sin 256°+0·4745 sin 3240+0·0114 sin 630+0·0014 
sin 1370+0·0005 sin 1470, 

=-0·0043 x 0·899-0·0632 x 0·866-0·0040 x 0·970-0·4745 x 0·588+0·0114 x 0·891-0·0014 
x 0· 122+0·0005 x 0·545 = -0·0040 - 0·054 7 - 0·0039 - 0·2790 + 0·0100 - 0·0002 +0·0003= 
-0·3315. 

-0•3315 
Tan oC=2·0087-0·4160 

-0·3315 
1·5927 -0·2081; oC=-110·8; cos oC=0·9791. 

1·5927 R (K1)=--=1·6267; K1=RxF=1·6267x0·9047=1·4717 feet. 
0·9791 

Form for clearing the component A of the effects of other components B. 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) ,,,, ~ 
A B Coefficients Angles -6Aor-8c, 6 A or 6s 

·-------

Tab.41 R(B)(3) x(4) Tab.41 '(A) MB) (6)+(7)-(8) cos (9) sin (9) (5)x(10) (5)x(11) 

K1 

2J' 
·050 'o872 
·049 ·0291 

P• 'OJI ·0425 
o, ·056 I '1190 

00 ·056 ·07o6 

l_j 
·959 •4948 
·052 ·2171 I 

R. (K1)=2'oo87 feet. 

,, (K1)=309°·9· 

. 
'0044 9 310 
·0014 319 310 
·0005 354 310 
'o632 338 310 
·0040 22 310 
'4745 331 310 
·0113 328 310 

0·3315 0•3315 
tan 6'=-2·oo87-=·416o = - 175927 =-0·2o81. 

6'=-n°.8, cos 6~=0·9791. 

75 
82 

157 
348 
76 

317 
215 

244 -·438 -'899 - ·0019 - ·0040 
187 

=:~~ 
- '122 - ·0014 - '0002 

147 :i::~ - ·0004 + ·0003 
300 + •500 + '0316 - ·0547 
256 - ·242 - •970 - ·0009 - ·0039 
324 +'8o9 - •588 + '3839 - ·2790 
63 +·454 +'891 + ·0051 + ·0100 ------

+0·416o 

1'5927 
R (K1)= 0.

979
i = 1·6267 feet. 

K1 = 1 ·6267 X 0·9047 = 1 ·4717 feet. 

' = 3090·9-110·8 = 2980·1. 

K,o = 2980., + 1860.4 = 1240·5. 

-0·3315 

65. Results from harmonic analyses of hourly ordinates. 

SITKA, ALASKA. 

From 29 days-July l-29, 1893. 

All ordinates used. No doublings up or omissions on suc-
cesstve component hours. 

Compo-

1e 1=+Vo+u . 

R(A)·-R.(A)-(12). 
cos!' 

R is always positive. 

H(A)=R(A)xF(A). 

From l year, 1893. 

~ nent. I . Direct from analy- Corrected for other Direct from analy- Corrected for other Direct from anaty.1 Corrected for other 
sis. components. sis. I cqmponents. sis. components. 

I 
H IC H IC H IC H IC H IC H IC 

K, 1°8173 136·3 1'472 125 1°8236 136·5 1'475 125 
I 

1'507 125 1'504 125 
K, 0·9915 227'8 0·281 340 o·C)Soo 277'7 0·273 342 0·315 21 0·320 22 
L. 0·1476 45·2 0'121 26 0·1468 45·4 0·116 29 0·155 37 0·109 28 
M, 0·0504 209·2 0·0469 204·4 0·029 150 
M, 3·5493 3'9 3·589 3'9 3·5589 3·9 3·597 3·9 3·583 2·5 3·591 2·8 
M• 0·0500 253·9 0·0132 l 17'7 0·013 14<;> 
M6 0·0513 95·8 0·0194 144·0 0'002 94 
N, 0·6183 334·5 0·747 336 0·6220 336·7 0·746 338 0·687 340 0·758 335 
0, 0·9561 104·9 0·937 109 0·9522 105·2 0·939 I IO 0·905 109 0·905 !IO 
P, 1'8772 887 0·345 109 1°8751 88•6 0·337 Il3 0·465 124 0·450 124 
Q, 0·18o6 II7'7 c·150 97 0·16o6 122'0 0·128 98 0·136 107 0·157 98 

Li 
o·So46 53·6 1'272 38 o·So46 53·6 1'177 39 l ·137 34 1'145 

EJ 0·1573 19·1 0·097 349 0·1586 22·4 0·077 349 0·073 334 o·oS5 
1'0924 41 'I 0·179 31 1·0945 41·5 0·188 27 

I 
0·040 79 0·142 

The results of the above computation show that for so short a series as 29 days, K., P, and v2 should be inferred 
from the final values of S2 , K., and N2 • In fact, it would be unreasonable to suppose that the elimination formulre 
should give good results in these cases. 
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Comparison between results obtained by using all hourly heights and those obtained by so using the 
hourly heights that the successive component hours are represented once and only once-in other words, 
paying attention to the arrows in Table 42. There can be no reasonable doubt but that greater 
accuracy is generally attained by following the second of these two modes of procedure. Usually 
the difference of the results will be small, especially in the case of the predominating component. 
However, at most places one or more of the other components are a considerable fraction of M2 

and so M 4 and l\'.16 may be sensibly affected by the putting of two heights now and then upon the 
same component hour. 

The following is a good· example of this, since at Port Townsend K, is even larger than M2, 

Tbe differences between the two sets of results for the month at Sitka are not great, but they 
. show that some accuracy is gained by paying attention to the arrows in Table 42. 

From 29 days' hourly ordinates July 
1-29, 1874, using all tabulated 
heights: 

M 4 = 0·1<]8 
M•o = 275 

'M6 = 0·105 
M6o = 193 

Port Tot0nBe11d, WaBh. 

From 29 days' hourly ordinates July 
1-29, 1874, omitting certain hourly 
heights, in accordance with Table 
42: 

M4 = 0·128 
M/ = 297 
M6 = 0·048 
M 6° = 2o6 

66. On the abbreviation of summations. 

From 3 years' hourly ordinates 1874-6: 

M4 = 0·13r 
M4o = 296 
M6 = 0·03r 
M6° = 242 

Any two components A and B having very nearly equal speeds separate but a small amount 
n a week's time, which is the time covered by each page of tabulated hourly heights. (See § 61.) 

Suppose a page of such heights to be summed with the A stencil. These sums may beregarded 
as a series of 24 component (A) hourly heights falling on and among the 24 hours of the middle, 
or fourtl1, day of the week. Ilad the B stencil been used instead, the B sums might likewise have 
been regarded as a series of 24 component (B) hourly height.a falling on aud among the 24 hours of 
the fourth day. In fact such times would have been the times of occurrence of the B hours of that 
day, reckoned from the beginning of the series. A comparison of the (solar) times of the several 
A sums with the (solar) times of the occurrence of the B hours will show what B hour each A sum 
lies nearest to. Therefore if the 24 A sums be copied into a form one argument of which is the 
week or page and the other the hours from 0 to 23, it is very easy to construct a secondary stencil• 
which shall sort the A sums accordiug to the B hours. 

Since it is assumed that one page is given to each week of hourly heights, the number of 
pages to be summed in a year's series is G2 or u:t The partial or seven-day sums for a year can 
be conveniently written upon about 7 pages; and this is the number of pages which have to be 
summed with the secondary stencil. 

If complete stencils be used for the first row of components, secondary stencils may be applied 
to the resulting partial sums, and abbreviated summations obtained for the components written 
underneath : 

Q 

p 1
2 Q I s I MN I MK 

K,P,R,T 2MK 

This abbreviation of the work has its principal advantages in the case of a long series of 
observations; for, the irregularities introduced thereby gradually disappear, and, of course, the 
amount of lab~r saved in summation is about proportional to the time covered by the series. 

In analyzing the B sums obtained by aid of the secondary stencils, the A augmenting factor 
should be applied because the first summation was according to A time while the observations 
are in solar time. Another augmenting factor is required because the secondary stencils are 
constructed with reference to B time. The reason for this can be readily seen if to the S sums we 
apply a secondary K stencil for obtaining the component K. Clearly the S sums do not fit the K 
hours; they may diverge as much as half of a K hour when all the S sums are used, and used 

•First suggested by F. M. Little, of this Survey. 
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once, or half of an S hour when each K hour bas one, and only one, partial S sum assigned to it. 
In either case the K augmenting factor can l>e used, because the speed of K is very nearly but 
not exactly 15° per hour. 

Another way of lessening the labor of summation is to use either bi.hourly ordinates or the 
hourly heights combined in pairs. Such combination can be made, once for all, upon the houl'ly­
ordinate sheets. 

On the harmonic analysis of tides of long period. 
67. The principal tides of loug period are: The lunar fortnightly, l\lf, period ~ tropical month; 

the luni-solar fortnightly, MSf, period ~ synodic ruontli; tlie lunar monthly, Mm, period 1 auoma­
listic month; the annual, Sa, and the semiannual, Ssa. 

In the treatment of these components it is convenient to make use of the daily sums (or means) • 
of the hourly heights, distributing them in accordanee with the annual all(I the several montlily 
periods. That is to say, the various months aml the year are each supposed to l>e divided into 24 
equal parts analogous tO the subdivision of the day, so that the entire time covered by the observa­
tions can be divided up with reference to such periods autl their twenty-fourth parts and the 
position of each daily sum with respect to them be determiued. These sums, however taken, will 
belong to a certain hour of the day. We shall suppose, as usual, that the hourly heights belonging 
to 0 11 , 11i, 21i . • . 231i, are simply added together, thus making the sum pertain to Uh 3;im 
a. m. of each day. Table 43 shows where each daily sum falls for the four kinds of distribution 
here contemplated. 

Suppose the length of series used to be four years, or 1,461 days. It contains 106·95 periods of 
Mf; 98·95 periods of MSf; 53·02 periods of Mm; 4 periods of Sa, and 8 periods of Ssa. All of 
these numbers are integers, or very nearly integers. It would seem, therefore, that the daily 
heights, when once purified of the short-period tides, might be summed and analyzed according to 
the methods employed with the hourly heiglits for tides of short period. Moreover, for a series 
four years in length it seems probable that no elimination on account of the disturbing effects of 
these components upon one another will be necessary. 

It is here proposed to use the uncorrected daily sums or means. The component Si is 
completely eliminated from each daily sum~ K 1 and K 2 are very nearly eliminated, because the K 
day is very nearly equal to the S day. N 2 and 0 1 have considerable effects upon the daily sums; 
but since their synodic periods with 8 2 and S 1 are not commensurable with any of the long-period 
components sought, the latter cannot, in the long run, be greatly disturbed by the long-period 
waves which are due to N 2 and 0 1• 1\12 has a direct effect upon :MSf, which it is necessary to 
determine. 

Let £ denote the wave, whose speed is equal to the speed of MSf, dne to tl1e imperfect 
elimination of M 2 from the daily sums or means. Then by (440) its amplitude is tho numerical 
value of 

or using ( 442), 

By (441), 

~!~ I 2 sin 12 m2 I = 0·08237M2 x 2 sin (347° 48~') = 0·03479M2• 
24 lllz 

L = 0·0351G.M2. 

(4'18) 

( 449) 

Since £ has the same speed as has l\ISf, the latter may be cleared of the former by means of 
equations (432) and (433), or 

- o MS1'= L' cos[,, (l\ISf) - '(L)], 

o MSf = L' sin [C, (MSf) - r; (L)], 

and equations (427), (428), and (429) after replacing A by MSf. 

(450) 

(451) 

Since the hourly heights used each day are for 01i, l11, 211 • , • 2311 , the daily sum pertains 
to lP 30m; but the :; of MSf, obtained in accordance with '!'able 43, refers to 011

• 
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The factor f for tlie computed L is the same as that for M2 because the amplitudes of the two 
waves bear a fixed ratio to each other; and so L'= 0·03620 l\12

1• 

The augmenting factor for l\1Sf, as obtained from the analysis and uncorrected for L, is 

arc (Sz - m2) 7' 

chord (s;.....:.: m2) r 
where Si - m2=1°·016, and T = 24 hours; this becomes 

the logarithm of which is 

arc 240 23' r: -- -------- - =1·00708, 
chord 240 23' 

0·00328. 

(452) 

(453) 

For a method of determining the annual, the semiannual, and ~ther tides of very long period, 
see § 28, Part Ill. 

68. 1'1.te following treatment of long-period tides is ta.ken bodily from Darwin's 1883 report. 
It supposes the time to be reckoned from noon instead of midnight, and the series to extend over 
a period of one year. Darwin has prepared and published special forms• for the reduction of 
these tides. Iieference may also be made to Baird's l\Iauual, pages 41, 52-54. 

For the purpose of determining those tides we have to climinnto tho oscillations of water-level arising from 
the tides of short 1ieriod. As tho quickest of these tides has a period of rnauy days, tho height of mean water at 
one instant for each day giv<'B sufficient data. Th.us there will in a ~·ear's observations bo 3G5 heights to be sub­
mitted to harmonic analyi;is. In leap-years the last day's observation must be dropped, because the treatment is 
adapted for analysing 365 values. 

To find tho daily moan for any day it lrnH hitherto been usual to take the arithmetic moan of 24 consecutin1 
hourly values, beginning with the height at noon. This height will thou apply to tho middle instant of the period 
from 0 11 to 23": that iH to say, to 1111 30"' at 11ight. Wo shall propose some now modes of treating tho observations, 
and in the first of them it will probably ho more convenient that the moan for the day Rhould apply to midnight 
instead of to 11" 30"'. For finding a mean applicahle to midnight we take the 25 consceutiYe heights for Oh to U", 
and add the half of tho first value to the 23 intermediate a111l to the half of the Inst and divide by 2-1. It would 
probably be sufficiently accurate if we took ¥1

6 of the sum of the 25 co11socutive Yalues, if it is found that the diYision 
of every 24th hourly value into two halves materially increases the labour of computing the daily means. Tho three 
plane for finding the daily mean are then 

-.}-,;(hu+h1+ • 
-.},.(tTto+h1+ 
116 (ho+hi+ • 

+"~3) 
. +11.,+! 1~,.) 
+ 1~13 +h~~) 

(i) } 
(ii) 
(iii) 

( 45'1) 

And they will be denoted as methods (i), (ii), (iii) respectively. It does not, however, seem Yery desirable to UHO 

the third method. Major Bair1l considers that the use of ruetho1l (i) iH most convenient for the computers. 
Tho formation of o. daily mean does not obliterate the tidal oscillations of i;hort perio1l, because none of the 

tides, excepting those of tho J>rmcipal solar series, have commensurable l>uriotls in moan solar t.irne. 
A correction, or 'clearanco of the daily mean,' has therefore to be aiiplie<l for all tho important tides of short 

period, excepting for the sol:ir tides. 
Lot H cos (nt-~) be tho expression for one of tho tides of short poriod as cvalnnted hy the harmonic analysis 

for the same year, and let a he tho value of 11t- ~ o.t any noon. Thou the 23 conHecut.ivo hourly heights of water, 
beginuing with that noon, ure-

R cos a, R cos (n +a), R cos (2 11 + <t) • • • R cos (23 n + <r), H coH (2-1 n+ <r). 

In tho method (i) of taking the daily mean it is obvious that the 'l'learauce' is 

In the moth o<l (ii) it is easily proved to be 

and in ml'thod (iii) it is 

- lf H~.u_l2_ 1~ cos (a+ 11~ 11) 
Bill t It 

.1 1 sin 12 11 
-,,.- {---COB (a+ 1211) 

tan ~ 11 

• ~b 

-/6 R ~~~~cos (a+ 12 11) 
Bill ~ Tl 

Tho clearance, ns written hero, is additive. 

• J<'or sale by the Cambridge Scientific Instrument Company, St. Tibbs Row, Cambridge. 

(455) 

(456) 
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It was found practically in the computation for these tides that only three tides of short period exercise an 
appreciable effect, so that clearances for them have to be applied. These tides aro the M., N, 0 tides. It was usual 
to compute thcso three clearances for every day in the year, and to correct the daily valnes accordingly. But in 
following this plan a great deal of unnecessary labour has been incurred, and when a simpler plan is followed it may 
perhaps be worth while to include moro of the short-period tidos in the clearances. 

Professor J.C. Adams suggests the use of the tide-predicting machine for the evaluation of tho sum of the clear­
ances, and if this plan is not found to inconveniently dolay operations in India, it may perhaps be tried. 

In explaining the process we will suppose that method (i) has been followed; if either of the other plans be 
adopted it will be easy to change the formulro accordingly. 

It is clear that R cos (a+ 11! n) is the height of the tide n at llh sum; and the same is true for each such tide. 
Hence if we use the tide-predicter to run off a year of fictitious tides with the semi-range of each tide equal to 
n sin 12 n/sin t n of its true semi-range, and with all the solar series an<l the annual and semi-annual tides put at 
zero, the height given at each 1111 30m in the year is the sum for each day of all the clearances to be subtracted. The 
scale to which the ranges are set may of course be chosen so as to give the clearances to a high degree of accuracy. 

In the other process of clearance, which will be explained below, a single correction for each short-period tide 
is applied to each of the final equations, instead of to oach daily mean. 

We next take the 365 daily means, -and find their mean value. This gives the mean height of water for the 
year. If the daily means be uncleared, the result can not be sensibly vitiated. 

We next subtract the moan height from each of the 365 values, and find 365 quantities 6h giving the daily height 
of water above tho mean height. 

These quantities are to be the subject of the harmonic analysis; and the tides chosen for evaluation are those 
which havo been denoted above as Mm, Mf, MSf, Sa, Ssa. 

Let 
6h=Acos(c1-m)t+Bsin(c1-m)t } 

+ c COB 2 di + D sin 2 dt 
+ C' cos 2 (d-17) t + D' sin 2 (c1 -17) t 

+ E cos 17t + F sin 17t 
+ G coH 2 17t + II sin 2 17t 

where tis time measured from the first llh 30m. 

(457) 

Now suppose !1, !, are the increments in 24 m. s. hours of any two of the five arguments (6 - m)t, 2 dt, 
2 (c1-17)t, 17t, 217t, and that A1, B1; A2, B2, aro the corresponding coefficients of tho cosine and sine in the expression 
for 6h. , 

Then if 6h1 be the value of 6h at the (i + l)th 111• 30'" in the year, wo may write 

And therefore 

Now let 

so that 

6h, = A1 cos !1i + B, sin l 1i +A, cos l,i + B, sin l.,i + 

6h, cos l 1i = t A, j cos (11 + l.,) i +cos(/, - l,) ii 
+tB1 lsin (Z,+!.,)i-sin (l,-lz)i! + 

c5h1sin l,i=tA2 jsin (l,+lz)i+sin (l,-l.i)i! 

+ t B1 l- 008 ( 11 + Z,.) i + COB ( 11 - lo) i l + 

sin .aa11 x 
; (x) = t sin t x ' 

We may obser\·e that 
9 (x) =; (-x), and; (0) = 182t. 

If therefore ::S denotes summation for the 365 values from i = 0 to i = 364, we have 

::S6h 008 l1i= [~ (l1 + l.2) COB 182 (Z, + l,) + ~ (l1- Z1) COB 182 (11 - lo)] A, 
+ [~ (!1 +!,)sin 182 (!1 +lo) - 9 ( 11 - lo) sin 182 (/1 - lo)] n, + 

::S6h Bin l 1i = [9 (11 + l.i) sin 182 (l, + Z,) +; (l1 - lo) sin 182 (Z1 - lo)J Ao 
+ [-; (11 +11) cos 182 (Z1 +lo)+; (l1 - lo) cos 182 (Z, - Z2)] B1 + 

(458) 

(459) 

(460) 

(461) 

(462) 

• • I l 
... I (-l63) 

In these equations there is always one pair of terms in which lo is identical with l,, and since 9 (I, -1,) = 1~2t, 
and cos 182 (!1 -11)=1, it follows that there is one term in each equation in which there is a coefficient nearly equal 
to 182·5. In the cosine series it will be a coefficient of an A; in the sino series, of a B. 
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Tho following aro the equations (copied from tho Report for 1872) with the coefficients inserted, as computed 
from those formulm, or their equivalents:-

[P.] 

Final Eq11ations for Tides of Long Period. 

I 
CoefTt. CoefTt. I CocfTt. · Coefit. Coefft. CoefTt. Coefft. Coefft. Coefft. Coefft. 

, ____________ , __ o_f_A_. ___ o_r_n_._ 1 _o_f~:- _o_f_D_. ___ o_f c_'_· ___ of_D_'· ___ o_f_E_. ___ o_r_F_. ___ o_r_G_._ of H. 

+183·05+ 2·14
1 +- 073+ 4·29+ 0·77+ 5·04+ 4·881- 0·34+ 4·¢,- 0·69.1 

+ 2·14+181·95!- 4·15+ 1'02- 4·~+ l'07+ 3·8o1+ 0·34+ 3·88+ 0·69. 
~oliXcos(6-m)t = 

X sin ( 6 - m) t = 
Xcos26t = 
X sin 2 6 t = 

+ 0·73- 4·15+183'18+ 0•88+ 0·61 +- 0·92- 1'50- O'IO:- 1'51 1
- 0'19 

+ 4·29+ 1'02
1
+ 0·88,+181·82+ 0·92- ;,·75+ 3·05- 0·08·+ 3·o6- 0·17 

+ 0·77- 4·90,+ 0·61 1+ 0·92+183·19+ 0·97- 1'68- o·n1- r70- 0·23 
+ 5·04+ 1·07:+ 0·921- 0·75+ 0·97-j-181·81+ 3·25- 0·10+ 3·27- 0·23 
+ 4·88+ 3·8o1- 1'50+ 3·05- 1'68+ 3·25+182·43+ o·oo- 0·14+ o·oo 

Xcos2(6-17)t= 
X sin 2 ( 6 -17) t = 
x cos 17t = 
Xsin 17t = x cos 217t = 
Xsin 217t = 

0·34+ 0·34- o·IOI- o·o8- 0·11 - o·IO+ 0·00+182·57+ o·oo·+ o·oo 
+ 4·96+ 3·88- r51I+ 3·o6- qo+ 3·27- 0·14+ o·ool+r82·43I+ o·oo 
- 0·69 + 0·69- o•r9- 0·17- 0·23 - 0·23 + o·oo + 0·001+ 0·00

1

+182·57 

If the daily moans have been cleared by the use of the tide-predictor as above described, these ten equations 
are to be solved by successive approximation, and we are then furnished with the two component semiamplitudes, 
say .A,, B, of the five long-period tides. But the initial instant of time is the first llh 30m in the year instead of the 
first noon. Hence if as before we put R• = A1• + B,•, and tan C1 = B1/ A1, we must, in order to roduco the results to 
the normal form in which noon of the first day is the initial instant of time, add to C1 the increment of the corre­
sponding argument for llh 30111

, according to method (i), or for 12 hours according to methods (ii) or (iii). 
69. If, however, the daily moans havo not been cleared, then before solution of the final equations corrections 

for clearance will have to be applied, which we she.II now proceed to evaluate. 
For this process we still suppose method (i) to be adopted. 

Let n be the speed of a short-period tide in degrees l>er m. s. hour, and let 'l/J (n) =-ht~~ ~2:. Then we have 

already seen that the clearance to 6 h;, tho mean height of water at llh 30m of the (i + l)th day, will be 

-'l/J (n) R cos [n j24 i + llt} -CJ. (464) 

If WO writem=24n (BO that mis the daily increase Of argument Of the tide Of Short period), and f3=n X 
llt-C, this becomes 

-'l/J (11) Roos (mi+ (j). 

Hence the cloa.rance for oh; cos li is 

-tl/J (n) Rjcos[(n1 + l)i+ fJJ+ cos [(m- l)i + (j] ! , 

and for o h; sin li is 

-1 'l/J (n)Rjsin [(m+ l) i+,QJ-sin [(m-l)i+ (j] !· 
Summing the series of 3Ci5 terms we find that the o.dditi ve clearance for ~oh cos li is 

whore as Lefore 

-Rt/i(n) jtl (m+ l) COB [182 (111+ l) + ./3] +<1> (111-l) cos [182 (m- l) +fl]!· 

<1>(x)=i~~a9.o.x. 
smtx 

If L111 denotes tho increase of tho argument nt in 182d llh 30m, this may now be written 

-=-R l/J(n) { ¢(m + l) cos [L1n + 182 l-C] + ~ (m- l) oos [L1n-182 l-C]} · 

(465) 

(466) 

(467) 

(468) 

(469) 

(470) 

If therefore R cos C=A, R sin C=B, so that A and B are the component semi-ranges of the tide n as immediately 
deduced from the harmonic analysis for the tides of short period, we havo for the clearance to ~oh co1:1 Ii 

- [t/i (n) "' (m+ l) COB (L1n + 182 l) + tP (n) "' (m- l) COB (L111-182 l)] A 

- [t/i (11) ¢1 (n1 + l) sin (L1n + 182 l) + 1fJ (11) ¢1 (m-1) sin (L1n-182 l)] B. 

In precisely the same manner we find the clearance for ~oh sin Ii to be 

- [t/i (n) ¢ (n1 + l) sin (L1n + 182 1)-1/J (11) ¢> (m- l) sin (L1n-182 l)] A 

+ [t/i (11) </> (m + l) cos (L1n + 18:! l)- t/i (n) ¢1 (111- l) cos (L1n-182 l)] B. 

6584-36 

(471) 

(472) 
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These coefficients may be writteti in a form morn convenient for computation. For 

Then let 

Also let 

t/J (m::l:l)= 8 in.
3Jb. <1!.l_:l:.D.=t cos 182 (m::I: l) I- t sin 182 (m :I: I) cot t (in± l). 

2 Bill t (m :I: I) 

K (n, I) =\l (m+ I)+ \i (m-l) ( 

Z (n, I)=(\ (m+I)-\) (1n-l) ~ 

A . 1 sin 12 11 } 1/; (11) cos £in=n ... -- cos L1n=C (n) 
srn ~ n 

1/; (n) sin Lin =S (n) 

Tho functions K (n, 1), Z (n, I), C (n), S (n) may be easily computed from (473), (474), (<175). 
Then if we denote the additive clearance for ::Eolt cos Ii by 

aud that f<At. ::Soh sin li by 

\Ve have 

[A, 11, I, cos] A+ [B, n, I, eos] B, 

[A, n, I, sin] A+ [B, n, l, sin] B. 

[A, n, I, cos] =-C (n) K (n, l) cos 182 l + S (n) Z (n, l) sin 182 l 

[B, n, l, cos]= -- S (n) K (n, l) cos 182 I- C (n) Z (11, l) sin 182 l 

[A,n, 1,sin] =-S (n) Z (n, I) eos 182 l-C (11) K(n, l) sin 1821 

[B, 11, l, sin]= C (n) Z (n, l) cos 182 1- S (n) K (n, I) sin 182 l 

We mnst remark that iq (m + l) =360°, 9 (m + l) is equal to 182·5. 

(473) 

(474) 

(475) 

(476) 

(477) 

(478) 

This case arises when l is the tide 111Sf of speed 2( 6 -17 ), an cl 111 the tide M. of speed 2 (y - 6), for m + l is then 
24 x2 Cy- 17) =720°. 

Tho clearance of the long·pl•riod tide l from the effects of the short-period tide n requires the computation of 
these fom: coefficients. For the clearance of tho five Jong-period tides from the effects of the three tides l\lo, N, O, 
it will be necessary to compute 60 cocflici<•nts. 

If it shall ho found convenient to make the initial instant or epoch for tho tides of long period different from 
that chosen in tho reductions of those of Hhort period, it will, of course, be necessary to compute the values which 
A and U would have had if thn two epochs had been identical. A and B are, of course, the component semi-ranges 
of the title of abort period :it the epoch chosen for t.be titles of long period; to determine them it ie necessary to 
multiply R by the cm~ino az11l sine of V + 11-u at the epoch. 

[Q.] 
Scltedulc of Coc.DicicnlB for Clearance of Daily Means in tlte Final Equations. 

1-. ,: 
! 6-r» 

I 
26 

I 
2(6-17) 

I 17 I 
217 

i ----

i (M,) 1l=2(y-6). 

-· -- . 

r· '" I, '°'l --0·05557 i +0·00302 +5'7393 -o·ro4ro -0·01465 
B, 11, l, cos -0·17036 ! -0·03773 -2·9228 -0·07525 -0·07546 
A, 11, /,sin -0·170751 +0·04170 -2·8400 -0·00176 -0·00353 

[B, 11, I, sin +0·044w +0·01052 -5·7271 +0·00476 +o«io958 
i 

(N) 11=2y-36-i Gl. 

I 

I ' I 
-0·01 76o I I 

i r"" I, '"' l -0·05884 +0·0368o: +0·029381 --o·m76o 

I 
B, 11, l, cos -0·07758 

I 
--0·223371 -0·19384 +0·00254 +0·00254 

I A, 11, l, siu I --0'02059 -0·15245 -0·12210 I +0·00020 +0·00041 

I 

[B, 11, /, sin I -j-0·11381 -o·o8544 i -0·08o81 +o "<)()()()7 +0·00015 

.. ---------

I (0) 11 "-"' y - 26. 

I 

! 
I r· "• I, co'l -o·o6485 -f-o·m673 +0·01582 -0·19240 -0·19340 

B, n, l, cos -0·34765 -0·07788 -o·o8158 -0·1826o -0·18311 
A, 11, I, sin -0·34523 +o·o8418 +0·08748 -0·0046o -0·00926 
B, 11, I, siu j-0·04052 +0·03379: +0·03295 +0·00897 +0·018o2 

_ .. 
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It may happen from time to tinlll that thll tide-gaug" breaks down for a fow days, from the stoppage of tho clock, 
the choking of the tnhe, or somll other such accident. In this cuse there will boa hiatus in the values of oh. Now, 
the whole process employed <lep!l1Hls on tho existence of 365 continuous values of oh. Unless, therefore, tho year's 
obser,·ations are to be sacrificed, this hint.us must be filled. If not mor<i than throe or four days' observations are 
wanting, it will be bllst to plot out the vnlulls of oh graphically on each side of the hiatus, and filling in thll gap 
with a curve drawn by hancl, use the values of olt gi\•en liy thll conjectural curve. If the gap is somewhat longer, 
several plans may be snggeste<l, and judgment .must be usecl as to which of them is to be adopted. 

If there is another station of observation in the llllighborhoocl, tho values of oh for that station may be 
insort!ld. . 

Tll!l values of oh fbr another part of the year, in which the moon's and sun's declinations are as nearly as may 
be the same as they worn 1luring the gap, may be used. 

It may bo, however, that tho hiatus is of considemble length, so that the prec!lding methods are innpplicablo: 
as when iu 1882 the tidal rllcord for Vi:11agapatam is wanting for 67 days The following method of treatment will 
then bo applica blu :-

Wo find approximate values of tho tidal constituents of long period, aml fill in the hiatus, so as to complete 
tho 365 values, with tho computed height of the ti<lll during the hiatus. 

To find these approximittll values Wll form :Eoh cos It und ":Eo It sin 1t for the days of observation; next, in the 
ton finul equations of Schedule P we neglect all tho terms with small coefficients, and iu tho terms whoso coefficients 
are approximately 182·5, we substitute u coofllcient equal to 182·5 diminished by half tho number of days of hiatus. 
For example, for Vizagapatam in 1882 wo have 182·5-~ x 67=149, aml, o. g., :::Eoh cos (o'-ro) t=l4!JA approximately. 
After tho approximate values of A, ll, C, D, &c., have been found, it is easy to find the approximate height of tide 
for the days of the hiatus. This plan will also apply where the hiatus is of short duration. 

It may be pursued whether or not wo are working with cleared daily means; for if the daily means are 
uncleared, as will henceforth be tho case, we import with the numbers by which the hiatus is filled exactly those 
fictitious tides of long period which are cleared away by the use of tho "clearance coefficients," in preparing the 
ton final equations for solution. · 

Other methods of treating a stoppage of tho record may be devised. If the stoppage be near t11e beginning of 
tho year, or near the end, we may nogloct tho observations l>oforo or after tho gap, aud compute nfresh the 100 
coefficients of Schedule P, and the cloarancll coefficients of Schedule Q for the number of days remaining. If tho 
gap is in the middle we might compute the values of the coefficients of Schedules P and Q as though tho days of 
hiatus wore days of obsorvat.ion, benring in mind that tho formulm are to be altered by the consideration that time 
is to bo measured from the initial llh 30m of the year, Instead of from tho initial llh 30"' of tho days of hiatus. 

The so computed coefficients are then to be subtracted from the values given in Schedules P and Q, and the 
amended final equations and amended clearance coefficients to be used. , 

It must _remain a matter of judgment as to which of these various methods is to bo adopted in each ease. 
70. Mt!thod pf Equivalent 1lfultiplio1·s for tlie Harmonio A11alysis for tho Tides of Long Period .. 
Up to the present time tho harmonic unulysis for these ticles has been conducted on a plan which seems to 

involve a great deal of unn!lcessary Iabour. If l be thll speed of uny one of the five tides for which the analysis has 
been carried out, in degrees per m. s. day, tho values ol cos It and 11in lt have been computed fort= O, I, 2 
364, so that there are 730 values for each of the five tides. Those 730 values have then been multiplied by tho 
365 oll.'s corresponding to eallh value of t, and tho summations gave :::Eoh cos It and ":Eoh sin lt, the numerical results 
being thll left-hand sides of one pair of the ten final equations explained in ~ 68. Now, it appears that this labour 
may be largely abridged, without nny substantial loss of accuracy. 

The plan proposed by ~rofeesor Adams is that of equivalent multipliers. The values of cos lt may be dh·ided 
into eleven groups, according as they fall nearest to 1 ·0, ·9, ·8, •7 ·2, ·1, 0. Then, as all the values of oh 
are to be multiplied by some vahrn of cos lt, and that value of cos It must fall into one of these groups, we collect 
together all the values of oh which belong to one of these groups, sum them, and multiply tho sum by thll corre­
sponding multiplier, l·O, ·9, ·8, &c., as tho case may be. Since there are as many values of cos It which are negative 
as positive, we must change the sign of half of tho oil's. This changing of Rign may be effected mechanically as 
follows :-In the spaces for entry of tho oh's, thoMe o/t's whose sign is to ho unchanged 11.ro to bo entered Oil the left 
side of·tbo space if positive, and to tho right if negative; when the sign is to be altered this order of entry is to be 
reversed. Thus in the column corro8pouding to ouch multiplier wo sh.all have two sub-columns, on tho left all the 
oll's which, when tho signs are appropriately nltorod, are+, and on the right those which are-. Tho sub-columns 
are t.o bo soparatllly summed, and their differm1ce gives tho tot1il of tho column, which is to b!l mnltipliecl by the 
multiplier appropriate to tho column. The treatm!lut for the formation of ":Eoh sin lt is precisely similar. 

Tho annexocl form [Scho<lnlo HJ ill designed for entry for detormiuation of ":Eoh cos (o'-11) t. 
Tho entries of oh are to be made continuously in tho marked squares from left to right, and hack again from 

right to loft. Tho numbers in the squaros, which in t.ho llOlllJlutatiou forms are to b!l printed small and put in the 
corner, indicate the days of observation. Tho roWH are nrrango<l in sots of four corresponding to oaeh complete 
period of 2(6-77). In tho mi<ldle pair for oach period tho+ vuluos of oh are to be written on thn ri .. ht and in the 
rest on tho left. Tho word 'change' oppo8ite half the rows is to show the computer that ho is to ch"'an~e tho mode 
of on try. Each column, excepting thnt for zero, is to be summed at the foot of the page, an cl multiplied by the 
multiplier corresponding to its column. A llair of forms is required for onoh tide of long period; they are very 
easily prepare<! from the llxistiug forms, in which the vnlues of tho multipliers are already computed. 



564 

-
-
-
-
-
-

2 

,........ 

-

3 

-
-

4 

5 

-
Total+ 
Total-

Total 
Multiply 
Results 

Sum laterally 

UNITED STATES COAST AND GEODETIC SURVEY. 

[R] 

Form for Reduction of the Tide MSf. 

I 
+ + - + - I + - + - + - ! ,. -1 + - I + + -

__ 1·~- _ _:!__ _·_s_!_2__ -~ ___ ._5_ j--·4_
1 

_2-_l_·_2__ ·1 

0 I I 2 i ' 3 

~ 

I 

8 

14 

6 - ~1-1- --- ---- 4 -; 

-9---i--__ 1_1_0_ ---- --- --- --II-

---·- - - --··· --1- ------ ---·- - --
1 12 

--- --------- ---·--l---

13 

change. 

change. 

:--1-5- ~1---1-----:: ------~~ ---·-· l---I change. 

--1------ -- --· ---------- ---·· 

23 I 24 25 
----- --- ----· --- ····--- -------- -- ---1----1----1 

22 change. 

29 27 26 

1---;-· ·--- _3_1_ --- --- ---3~- ------ ----

1 ___ 1--------------·· 
i 

I ------1------------·---------------l·---1---1 

I 37 

1

1--44--1--~~43~~ --- -------~--- __ 4_2_ --~~~ ~~~~~ ~~~~~ _4_
1
_1---:---1 

33 

----- --- ----!---1---1 
I 34 35 

39 

change. 

change. 

45 46 47 
1--------- .. ---- ------ ------ ---1----1----

51 50 49 change. 

---ii--- -----· --- --------- ----i,----1----1 

52 53 54 55 change. 

1----1--------------------------

I 58 
1------i--------- --- ---------

57 

59 ; 6o 61 

I 66 change. 

I 67 ____ 6_8 ________ 6_9 ___ --

70 change. 

I ___ ------- --------- ----- ------ 1------1 

74 73 72 71 

1

1 ___ 

1 
__ &_c_·-===i &c. ===1_&_c_._1 en~fes. 

x1 ·o ___ x_·_9 __ x_·s _[ __ x_·1_ ._x_·6_!__?<_._5_ -~ __ x_L _x_·~_\_x_·_1 _ x·o 
----.---··-----·- ----·----------'--------'----~ 

Sum of+= ..... Sun1 of - = .......• 
-:Eolz cos 2 ( rS - 11) t = . . . 
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71. To 1·eproduce the quantities harmonically analyzed. 
Having analyzed a set of partial or hour sums and determined the e's and s's, or R's and ('s, 

it is sometimes desirable to recombine the partial tides of the analysis sheet into a resultant curve 
in order to see bow this curve compares with the curve obtained by plotting the hour sums; or it 
may be done for other purposes. The nature of the case will suggest how many of the harmonics 
should be retained. 

The same process is applicable to inequality curves, certain constants having been found from 
the analysis of the heights or intervals involving the particular inequality in question. (See§ 54, 
Part I.) The accompanying form will show how this combination may be made. 

A 

So= 

Sum 

Y=Yo+sum 

' x = 8h = 1200 i x = ~· = 135° x = loh = 150° ix= uh= 1650 ix= 12h = l8o0 / x = 13h = 1950

1 

x = 14h = 210°1.x = l5h = 225° 

(8) _;Ax (8) ~IA x (9) ~ Ax(10)[-~ AX(II):~~ Ax(12) -~~ _ Ax(13)

1
·~2_ 1Ax(14) ~ Ax(15) 

- '5 - ·707 - '866 - '<)66 -l - '<)66 - '866• - 707 
'866 ·707 '5 ·259 0 - ·259 - '5 - ·707 

- '5 0 '5 '866 l '866 I '5 0 

- '866 -l - '866! - '5 0 '5 . '866 I 

o I 
0 

- ·5 

'866 

l 

0 

- '5 

- '866 

-[ 

0 

0 

[ 

[ 

0 

I I 

- '5 
- .866 

-l 

0 

'5 

- '866 

0 

-1 

-[ 

0 

[ 

0 

[ 

0 

l 

0 

0 

-l 

- '5 

I ·866 
I o ,_, 

j , I o 

-l 

0 

0 

-1 

l 

0 1= :~ I - :~6 I= :~ 
1~--"----'-----'----'-----'----'----'----'----'---'---'----'---~-----'---'---

= -=-=-==C....,.,===-====~======================~======,=~-===~-~-=================-·=---~o...=-·-=-======-~= 

l---A---1-x_(_:_;·';;I ;;'j;; ~,;;·~~I ~:,"1~=X3(::)i ~::l:;~i;;) ~1;;;; _~_:_:3:_~=-x3_<~_30)1 
Ci = - '5 - '259 0 '259 '5 •7071 '866 <)66'1 
Si = - '866 - '<)661 -1 - '<)66

1 
- '866 - ·707 - '5 - ·259 

:: : -- :~ -:~'1 -~ = :~I = :~I -~ - :~ 8661· 

C3 = l ·707 0 - ·70/1 - l - ·707 0 - :~07 
S3 = 0 '707

1 

1 '707 0 - ·707 -1 1- ·707 

q = - '5 '5 I l ·5 I - "' -l - '5 I '5 I 
;: : -1 '866 - 0 '866 -~ O '8661 1 '866 : =! '866 /- O 8661j 

so= - o ·5 1-' ·5 ~ =' ·5 I -o ·5 ; _ \ i=' ·8665 

= '866 - '866 0 - "866 - '866 0 i '866 --~---

m +_sum~~~~~~~~~~--~~ 
y =y0 + Rico~ (x - ~i) + R 0 cos (2.x- -~.) +R3 cos (3.1: -~3 ) + 

R=vc•+s» tan~=s/c, c=Rcos~, s=Rsin~. 
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72. To combine the various tidal components for any given future time. 
This may be illustrated by au example: To find the height of the tide at Sau Francisco (Fort 

Point), Cal., at 1 o'clock p. m. (standard time) March 1, 1910, the principal tidal components being 

M 2 = 1·69 ft., 
Nz = 0·37 ft., 
o, = 0·78 ft., 

We are to find the value of 

.l\12° = 332, S2 = 0·39 ft., 8 2° = 33G0 , 

N 2°=305°, K 1 =1·22ft., K 10=1070, 
0 1° = 0·87°, P 1 = 0·37 ft., Pro= 1050. 

y = :i\fz' cos (m2t + arg0 M2 - M2°) + S2 cos (Szt + arg0 82 - 82°) 
+ Nz' cos (n2t + arg .. N2 - N2°) + K 1' cos (k1t + arg0 Kr - Kro) 
+Or' cos (o,t+ arg0 0 1 - 0 1°) + P 1 cos (p1t + arg0 P 1 - P 1°) 

(479) 

where the accent denotes tbat the factor f, Table 10, has hcen applied to the amplitude. Now 
Table 3 gives Vii+ 11 0 or arg, for Greenwich midnight, while the al)Ove equation supposes it to· 
IJelong to meridian of San FranciGco and the time to be local. According to section 62, Part III, 
we may use the Greenwich values directly, provided we modify the epochs so as to take into 
account the longitude of the place and of the time meridian. The epochs modified once for all are 

• 
respectively. 

By Tables 3 and 4, we have for March 1, 1910, 

arg0 M2 = 243° + 1° = 2440, 
arg0 82 = 0 + 0 = O, 
arg0 N2 = 107 + 311 = 58, 

arg" K 1 =3°+ 58°= 610, 
arg0 0 1 = 243 +. 303 = 186, 
arg0 P 1 = 350 + 302 = 292. 

By 'l'able 1, we have for 13 hours (midnight to 1 p. m.) 

m2t = 17°, s2t = 30°, 112t = 10°, k 1t = 196°, o1t = 181°, pit= 194°; 
• · . y = M 2' cos 277° + 8 2 cos 50° + Nz' cos 106° 

+Ki' cos 1490 + 0/ cos 2680 +Pr cos 2100. 

By Table 10, the values of/ are 

0·98, l·OO, 0·98, 1·07, 1·12, 1·00 
respectively. 

. · . M/ = 1 ·u7, 82 = 0·38, N 2' = 0·35, Kr' = 1 ·31, 01' = O·SG, P 1 = 0·37 feet. 
y = + 0·20 + 0·24 - 0·10 - 1·10 - 0·03 + 0.35 = - 0·,14 ft>et 

as the height of the sea, reckoned from mean sea level, at the given time. 
At 2, 3, 4, 5, and 6 o'clock, p.m., the heights are in like manner found to be -O·fl4, -1·33, -2·32, 

- 2·55, -1•14 feet. 

73. Harmonie analysis of a series two iveelcs in extent. 
In the Manual of Scientific Enquiry• Darwin shows how to analyze a short series of hourly 

readings extending over a fortnight or a month. Summations a.re made for M, 8, and 0. The 
M aud 0 sums are analyzed in the usual way, giving the amplitudes and epochs of M2 and 0 1• 

The S sums give au affected Sl and K 1 ; the summation extends over slightly different periods in 
the two cases. 

The lengths of series used are as follows: 

d. h. d. h. 
For ;\f 14 12 or 29 oo, 
" S (diurnal) 14 00 ,, 28 oo, 
" S (semi<linrnal) 15 00 " :·IO oo, ,, 0 14 00 " 2() 21. 

------·-··-- --·--·· 

*Or ll. A. A. S. lfoport, 18!!6. 
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If, for the moment, we put 
tan if'= __ f (K2) _K2 sin Jarg* K 2 _- arg ~<l __ _ 

S2 (with Tz) + f (K2) Kz cos (arg K2 - arg 82)' 
{480) 

in which the arguments are to be taken at the rnill<lle of the series, "-e obtain the amount that the 
S2 corresponding to a given solar parallax is accelerated by K2 (see § 2, Part III). Prom Table 1 

~; = 3·67, arg K2 - arg 8 2 = 2 (h - v"). 

The formula for 1/· may now be written 

where 

f (Kz) sin 2 (h - v") tau 1/· = . ---~---------
' 3·67 p, + f (K2 ) cos 2 (h - 1'

11
) 

_ ( sun's parallax ) 3-'- 82 (with 'f2) 
p, - sun's mean iiarallax - -- -s;·- --

= tabular value last column, Table 31. 
• •• S2° = t; (S2) + tf:. 

(481) 

(482) 

(483) 

(!t84) 

The fift.h column of Table 31 gives the correction of S2° due to the direct ellect of'l'2 ; Darwin has 
<l.isregardell this correction. The amplitude of s~ is the observed amplitude Ji, (S2) mult.iplierl hy 

3·67 cos 1/· 
:N;7-_p;+J(1G) c()s 2(h-:.=-),") 

The epoch and amplitude of K 2 are obtained from the equations 

In like manner we may put 

tan¢= _ _P1 sin (arg~) 1 -:-:-arg K 1) _ 
f (K1) K 1 + P 1 cos (arg P1 - arg K1) 

where <Pis the amount by which K 1 fa accelerated hecam;e of P 1• From Table 1 

~: =:3, arg P 1 - arg K 1 = - 2 h + 1'' :!, 1soo: 

1 sin (2 h - 1'') . . tan 1,1 = ---- ------- ----- . 
· J f (Ki) - cos (2 h - v') 

K1° =:; (K1) + arg., K1 + </i, 

For P1 we have 

·~ '0 I K1 = -------'--~ _s ___ <,J ___ - --- x R (K1)· 
;; f (Ki) - cos(!.! h - v') 

74. Harmonia analys1'.s of h-igh and low wuters.t 
Tl!e components K 1 and 0 1 can be quite accurately obtained by the following process: 

(485) 

(!18ti) 

(487) 

(4S8) 

(489) 

( 4.90) 

(4-91) 

(4!12) 

(493) 

{494) 

Oopy the heights of the high and low waters into the form for "hourly ordinates," f1lways 
putting these values upon the nearest solar hour. Apply the K and 0 stencils in the usual man­
ner, ,but also keP.ping track of the number of high waters aud the num\.Jer of low waters that enter 
into each partial hourly sum. Then bring the partial hourly sums together, and note the differ­
ence between the number of low and high waters. Correct the hourly sums by this differonce 
multiplied by one-half of the mean range of tide for the period of the observations. Analyze the 

•I. e., tho e<1nili\Jriuu1 argument, To.\Jlo 1. t Soo Clta1itor lll, Purt III. 
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twenty-four hourly means or residuals in the usual manner. K 1 thus obtained should be corrected 
for P 1 by Table 31. 0 1 does not re<juire correction. The example given below shows the degree 
of accuracy attained at Sitka from a 29-day series of high and low waters. The corresponding 
results for Sandy Hook, N. J., are also given. 

Statio.n, Sitka, Alaska. 

Component, K. 
Computer, D. S. B. 

Lat. 57° 41 N.; long. r35° 20' W. 
yr. mo. da. hr. 

Observations begin 1893, July l o. 
Observations end 1893, July 29 23. 

Kind of time used, mean local civil. 

I-----------' Page.'~ __ I11 __ 2_11_,'_3_1t _i_4
_1t ·-· ___ 

5
h_\_6_h __ 

7
h-1

1
-8_h_\_0 ____ I_oh_/_

1
_
1
h_ 

, I 

\ 13"2 I2"5 12·0 11 ·4 o·o 3•4 1 7'9 9•3 5·9 Stencil sums o·o 21'2 28·4 
Ill Ill 11I,1H llL 2L 2L 1L 

o o s·o 3·9 l 2 9 4·0 i3·0 o·o u·s u'9 

I 
l L I L 1 r, 2 1, I H, I L 1 11 1 H 

I6":> I5'7 I4'0' I2'7 11·61 ll'2 2·4 3•6 9·3 
Ill Iii Il!l1H 1H 1H IL IL 21, 

6'8 6'o o·o 5'3 9·4 4•7 15.0 o·o 11·0 

I I L I I L ' I L 2 I, 11 L I H, I L I H 

.___:_._:__:_;__:___:___:_ I [8 _:___:__ 
Sums;---;=;----;:6~1 :16·31 39·2 29·9 ~ :12"3 25·0 I 32"3 \ 29·1 24·4 j 38·1 

No. highs and lows IH,IL 2 H 
16'I 16·:1 s·s 

I II Iii I L 
3 ro 6'8 2.>' I 

IL IL 1H,1L 
4 27'6 15·3 I5'1 

2 II I H I Ii 
5 o·o o·o 15·1 

I H 

-----------1Page.~~1~r ~1~1~~~-:: _ _i'~~~ 
Stencil sums 1 6·7 o·o o·o ' 2s·8 I2'8 I 26·1 13·6 14·0 8·41 16·1 7'6 r2 
No. highs a.;d lows 1 L i I 2 H I 1 H 2 H 1 H 1 H 1 I, 2 L 1 L 1 I, 

2 o·o 33·0 I3'5 22 2 8 6 I o·o 16·4 7'8 7'6 14·6 15·0 3I '2 

I 
j 2 H, I I, I 11 I H, I L I L ' 2 L I I, I L ' I H I H 2 H 

3 13·0 I 8'3 o·o ' o·o J 29•7 . I4'7 28·0 137 I3"8 7'8 7'9 7'3 

4 
2 ~'·o 1 I~·.31 33'S I 2641 

2 ~\ 1 ~\I 2 ~~o 1 1~18 1

11¢6 
1 1~·4 1 I~'4 1

01:;, 

I 
I I H 21!, I !, 2 I! I L I I, 2 L 2 L I H I II 

5 o·o I o·o I o o o o ' 13·5 o·o o o o·o o·o 8.2 o·o o·o 
___ l ___ , ___ l ___ !_I_l_I ____ I _________ __:_:_ _____ _ 

Sums\ 19'7 [ 52'6 I 47'0 \ 74·41 73·8 50·1 J 58·0 \ 54·3 , 47'4 \ 6o·1 43·91 45'7 

===========-"'~=----==='--'-==~~~ __ --------·---·--·---- ·- . --------" ·--

-- -----------1-P-ag-•e.l__::__ _
1
_h ___ 2" __ 

3
_h_ -~!~ _6_h __ 1_11_l_s_" __ 

9
_11 _ ____:::_ -~~ 

No. of highs 3 3 5 2 2 J 2 2 1 2 1 i 2 
No. of lows 1 2 2 i 2 

1 

1 2 4 3 5 3 3 

~~: x diff. -5~:~ -
5n , _~;:~ -3~:g 3~:~ _ ~:i 3~:i +:r~ + 

3~:g +:n '+ 
2f1 _;~:~ 

43·4 56'0 I 76·5 ' 32·7 39'2 I 26•3 32·3 36·0 35•9 43·7 I 31·7 4I"7 
Divisors 4 5 7 I 3 4 3 4 5 5 6 4 5 
Means 10"85 11·20 10•93 10·90 9·Bo 8·77 8'o8 i 7'20 TIS I 7'29 7'92 8·34 

i~.~.~"'e"'s=id=u=a=ls======='=-==-=!-=1=·00='==\ +=1-=·3=5o"i-c-!=· =I=·oS=j··~+ 1·05 - 0~05 1- 1·o8 :- 1·771- 2'65 - 2'67 - 2'56 /- 1·93 -1.51--. 

-.;--_---------,i-P-a-ge.!~ ~ ~~·_::_ __ ~l~I~ 19
11 ~:_::_1~ __::__ 

No. of highs o 3 3 \ 5 4 \ 3 3 2 I \ 2 J 2 2 
No. of lows 3 2 1 I 1 2 I 1 2 3 4 · 4 2 2 
Sums 19·7 1· 52·6 47'0 · 74 ·4 I 73 ·8 5o·r 58·0 54".1 47'4 \ 6o·r ! 43·9 45·7 
i Mu x ditr. +n·o - ,-6 - 7'3 -14·6 ,- 7'3 !- r~ - 3·6 + 3'6 +ll"o '+ 7'3 I o·o o·o 

=~ ~I~ ~~ti·~:~~~ ~1·t 1 ~i~ Residuals + 0·38 - 0·05 + 0·07 ·+ o'I2 + 1·23 I+ 0°85 + 1·03 + 0·29 + 1·83 + 1·38 + I'l3 -t-I'57 
. . • I --- ---------------------------...J 

The divisor for each hour= No. of higlis +No. of lows. 
The sum of the hourly means is 2364·!) atHl the mean 9·85fi. 
The correction 2- Mn x diff. is one-half the mean range from the" first reduction" multiplied 

by the difference between the number of highs and lows entering into each hourly sum; sub­
tracted when the highs are in excess, and added when the lows are in excess. Mn for this month 
is 7·31 feet. 

SITKA, ALASKA. 

From 29 days' high and low water&. ,·analyzed as above, 
July i-29, 1893 

K, 1·6o2 
· K1° 12]"3 

01 0·917 
01° 95·7 

From harmonic analysis of hourly ordinates 1 year, 
1893-<)4 

K, l"5o8 

K1° 125 
o, 0·906 
o,o 123 
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SANDY HOOK, N. J. 

From 29 days' high and low waters, analyzed as above, 
July 1-29, -1893 

From harmonic analysis of hourly ordina!es 2 years, 
1887, 1888 

Ki 0·336 K, o·j34 
Ki 0 97'4 Ki 0 IOI 

Oi 0·150 Oi 0·173 
Oi 0 99·6 Oi 0 g8 

If, however, before beginning the summation we subtract~ Mn from all high-water heights 
and add ~ Mn to all low-water heights, the necessity for keeping count of the number of highs 
and lows will be avoided and the same result obtained as before. 

If the high and low water heights be tabulated upon hourly ordinate forms, and summations 
made with the K and 0 stencils even for a very long period, there is no guaranty that tbe effect 
of M2 will be totally eliminated, although it will be nearly so. To understand this, suppose that 
at the given station the tropic diurnal inequality be great in low-water heights but small in the 
high-water heights; also, suppose that observations be confined to high waters. Now if these 
heights be tabulated in their proper places upon the hourly ordinate sheets and the K stencil 
applied to them, it is clear that an amplitude much too small will be obtained for K 1• In other 
words, M2 will have a pronounced effect upon the result. If, now, lows as well as highs be 
included in the observations, the effect of M2 upon a diurnal tide will be very much diminished; 
but there is no reason to suppose that it will ever disappear completely, however long the series. 

Wl1ile it is possible to distribute high and low water heights or times according to known 
arguments and obtain consistent results for a given station, serious difficulties arise when an 
attempt is made to interpret tlie results in terms of the harmonic constants or to accurately obtain 
these constants by any prescribed distributions. 

For instance, the phase inequality in the range of tide is not a simple harmonic increase and 
de~rease of the range even if µ 2 be ignored. Its unsymmetrical character caq readily be seen by 
referring to Table 16. The parallax and declinational inequalities are even more complicated than 
that of phase, as is pointed out in §§ 4G, 47 of Part III. 

Having called attention to some of the difficulties encountered in the harmonic analysis of 
high and low water observations, we pass to a more thorough and systematic procedure. For 
convenience, the whole work of making the analysis may be divided into six steps or operations: 

(1) Making a ''first reduction." 
(2) Finding the mean amplitudes and the time occurrence of the mean ranges using fou.r 

consecutive tides. 
(3) Obtaining hourly ordinates from these amplitudes by aid of a system of sine curves 

drawn upon a transparent sheet. 
(4) Summing these ordinates with semidiurnal stencils and analyzing the partial sums. 
(5) Diminishing the heights of the tides by the ordinates belonging to the times of the tides, 

and tabulating the heights thus altered upon hourly ordinate forms. 
(6) Summing these values with diurnal stencils, and analyzing the partial sums. 
(1') The process of making a "first reduction" is fully described in § 51, Part I, and§ 27, Part 

ID. The epoch of M2 is found from the I uni tidal intervals by aid of this last-named paragraph; 
the amplitude, from the observed mean range of tide by aid of Tables 23 and 14. Where there is 
much difference between the duration of rise and of fall, the amplitude of M2 as determiaed from 
the range must be affected with M4. To correct for this, divide the M2 as obtained above by the 
quantity 
• 

cos v + sin 2 1' x it (duration fall ~ 6"·21) (495) 

where 
v =(duration fall......, G"·21) x 140.492, 

(2') lu the accompanying tabulation the last column sho~vs the values of the successive mean 
amplitudes; the fifth, the times of' occurrence of the ranges; and the sixth, their duration which 
is G·21 hours on au average. The values iuclosed in parentheses involve observations prior to 
July 1; generally they would have been simply inferred from succeeding values. 
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SITKA, ALASKA. 

Time of Sum of I 6 hours, I DilTcr- ! Heigh Date. consecutive 1 Mean. etc., 

I 
tide. four. I applied. ence. of tide 

·--

I I . 
t Stun of I 

'i~J~.i-Range. alternate 1 

] ranges. 
----- -----··-· -

1893. "· II. It. It. It. .Fed. 
( 22·7) 

J.l·et. Feel. Feel. 
(3•8) 

July I. l 'I 6·1 14·6 
(4·8) II'2 (3'9) 

8·2 6·2 3'4 
44·0 ll'O 11 '0 9·4 15'6 3·9 

14·8 6·2 12'8 
44·9 ll '2 17'2 4·4 15'4 3·8 

19'9 6·2 8·4 
4S'4 11'4 23·4 6·o 14'9 3'7 

2. 2'0 6·1 I4'4 
46·0 u·s 5·s JO'S 15' l 3·8 

87 6·3 3·9 
46·9 II'J IJ'8 9·1 15'2 3·8 

IS'4 6·o 13'0 
47'4 u:S 17'8 4·7 14'8 3·7 

20·8 6·2 8·3 
' I .18·1 12'0 o·o 5·7 14'7 3·7 

3. 2·5 i 6·2 14'0 
487 12'2 6·2 10'0 l4'S 3·6 

9·4 6·1 4·0 
49·1 12'3 12'3 8•8 15'0 3·8 

16·0 6• I 12'8 
49·8 12'4 18°4 5·0 14'2 3·6 

21'2 6·2 7;8 
so·3 12'6 o·6 5·4 13'9 3·5 

4. 3·2 6·1 13'2 
50·9 12'7 6·7 8·9 14·0 3·5 

9·9 6·3 4'3 
51·9 13'0 13·0 8•6 14'2 3·6 

16'6 6·2 r2·9 
52·8 13'2 19'2 5·3 13'5 3·4 

22'2 6·1 r6 
53'3 13'3 1'3 4·9 12'8 3·2 

5. 4·1 6·3 12'5 
5.p 13'5 r6 TS 13' I 3·3 

lb'4 6·2 s·o 
S5'3 13°8 13°8 8·2 l3'S 3·4 

17'4 6·3 13'2 

I 
56·4 

I 

r4·1 20'1 I ' 23·4 

I 
6·2 i 7'2 

ST2 14·3 2·3 I 6. s·2 6·1 12'0 

I 
57'8 I 14·4 8·4 

l l '2 6·3 5·9 
34·9 s·7 14'7 

18°0 6•3 13·6 

6·o 13'0 3·2 

4·8 12' I 3·0 

6·1 12·5 3·1 

7'7 13 'I 3·3 

36·1 9·0 21'0 
7. O'S 6·6 6•6 

ro l2'S 3 'l 

i ___ \. _____ 

(3'). To prepare for interpolatiilg hourly ordinates from the successive ranges, first select a 
cross-section paper whose smallest divisions are about -/6 inch square. J.,et an hour of time cover 
an inch or more, and let a foot of tide, when convenient, correspond to an inch on the sheet. Along 
the uppel:' margin of the sheet number the hours from 0 to 24, or O, and thence on to 12, making 36 
hours represented. On a sheet of tracing cloth lay out a rectangle, say 10 inches high and long 
enough to represent 6 lunar, or 6·21 solar, hours. The center of this rectangle is the 11ode of a. 
system of, say, 10 sine curves whose amplitudes vary from 0 to 5 inches, and are numbered, if 
convenient, from 0 to 5. .A.II curves extend over a half period or G·21 hours. To interpolate 
hourly heights, place the node of the sine curves at the time of occurre'nce of a semidiurnal range 
given in the fifth column of the above tabulation. Select the curve having a number equivalent 
to the mean amplitu<le at the time given in the last column. Read the heights at the points where 
tbis curve crosses the hour lines. 'rhese are the required hourly 11eights reckoned from mean water 
level. So proceed with each range. If the tide have a very large phase ine<1uality, causing the 
quarter tidal day to depart much from a quarter lunar day, or 6·21 hours, this fact may be taken 



REPORT FOR 1897-PAR'l' II. APPENDIX NO. 9. 571 

into consideration by reading ono or two of the hourly heights on either side of the node as before, 
and the hourly heights near the times of maxima and minima, when the edges of the rectangle 
have been ma(le to fall exactly half way between the times given in the fifth column; or more than 
one permanent set of curves may be used. Probably this refinement is unnecessary. 

SITKA, ALASKA, 189B. 

Jnte1110/aled onlinales of aemidiui·nal wai•e. 

~:~:_i __ 1_"_1y_• -1'---~_I __ -:-- - -~------. -- --:-- ---:--. _-'__J.l, 
.sen es. , I . , -------1------ -- --1- ------:-- --------- __________ ; ________ , 

"· m. 
0 00 
I 00 
2 00 

3 00 

4 00 

5 00 
6 00 

7 00 

8 00 

9 00 

IO 00 

II 00 
Noon. 
r3 oo 
r4 oo 
15 00 
16 00 

17 00 
18 00 
19 00 
20 00 

I ~~ ~ L:_oo 

Feel. Ii F,·ef. Feel. Feel. ,. Frei. / Feel. 
1 

Fed. 
8·3 TI 6·o 5·0 4·1 3'3 [ 2·8 
9·5 87 r1 6·7 . 5·5 4·2 1 3·2 
9·9 9·5 9·r 8·3 TI 5·6 I 3·9 
9·1 9'7 9·6 9·3 8·4 Tl · 5·2 
T6 8·6 9·2 9·4 9·1 8·."\ I 6·5 
5·7 TO 8·1 8•6 9·2 9·0 ' T9 
3·8 5·1 6·4 T2 s·3 8·9 s·7 
2·5 3'4 4 ·6 5·5 ro s·o s·7 
2·1 2·3 3·2 3·9 5·3 6•6 s·o 
2·7 2·2 2·5 2·8 3·9 5·0 67 
4·1 3·0 2·5 2·5 3·0 y8 5·3 
6·o 4·5 3·7 3·0 2·6 3·0 4·0 
7'9 6·4 5'5 4·2 3 ·3 2·8 3'3 
9·3 8·2 7'4 6"0 4·6 3·5 3·0 
9·9 9·4 9·0 rs 6·3 4 ·9 3 ·6 
9·4 9·7 9·8 9·0 T9 6·5 4·8 
8· I 8·9 9·4 9·5 9·0 7'9 6·3 
6·3 7'4 8·3 9·1 9·2 S·9 T7 

·4·5 5·6 6·7 T9 8·8 9·2 8·7 
3·0 3·9 4·9 6·3 7'7 s·7 9·2 
2·2 2·7 3·4 4·7 6·2 Ts s·7 
2~ 2~ 2~ 3~ 4~ 6~ 7~ 
3·6 3·0 2·6 2·7 3·.c; 4·5 6·3 
5·3 4·2 3'5 3·1 2·R 3'3 4·8 

---------------·--------

• (4') Before summing with the semidinrual stencils, the hourly heights Hhould have a constant 
added to them in order to avoid negative quantities; in the accompanying tabulation G foet has 
been a<l<leu. The summation and analysis are then to be carried out as in the case of true hourly 
ordinates. 

(5') The values of the semidiurnal ordinates referred to mean water level are now known for 
each hour; they are therefore known for the times of the true high and low wnters. Subtracting 
the appropriate semidiurual ordinates, we have four heights per lunar <lay which lie upon the 
diurnal curve, very nearly. 

(G') The diurnal heights are then summed with the stencils, and analyzed for K 1 and 01 in 
the usual way excepting that the augmenting factors 1 ·00!.!87 and 1 ·00:!49 are to be used twice 
instead of once. 

When the series is very short, and so the divisors generally quite unequnl, it may be advisable 
to write each height of the tide twice, i. e., to regard it as the hourly ordinate immediately 
preceding and immediately following the time of tide. 

Below is appended the results obtained from analyzing a series of tidal observations one 
month i11 exteut. They show how the results obtained from high and low waters agree with the 
results obtained from regular hourly readiugs. Usiug the notation of §§ 5D, ().!, the uucorrecte(l 
amplitudes anu angles are really the R/s and t;/s, since 110 corrections have been applied to them 
on account of the disturbing components. 
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SITKA, ALASKA, JULY, 1893. 

Fron1 ordinates obtained from 
observed high and low From observed hourly ordinates. 
waters. 

Component. Uncorrected Uncorrected Uncorrected Uncorrected Period 
amplitude, R. angle,~. amplitude, R. angle,_~. analyzed. 

Feet. 0 Feet. 0 d. h. 
S, 0·897 49 0·873 53 29 13 
µ, 0·179 127 0·191 108 29 13 
N, 0·818 263 0·785 264 27 13 
L, 0·055 284 0·041 338 27 13 
K, 1'907 3o8 2·018 309 27 8 
0, 1'017 355 1·097 352 27 8 

75. Interpolation of hourly heights from tabulated high and low waters. 
The set of curves drawn upon a transparent sheet and described in the preceding paragraph, 

may be used for this purpose when the tide is wholly semidiurnal in its character. 
The hourly lieights of a tide of this kind may be computed by the formula, 

t . _ 2 r-- . 
Deplresst1?n beblow hligh water} =~versed sine (1soo ~) = d t' approximately, (496) 
ore eva 10n a ove ow water .;; 0·7 +0·6-

d 

where d is the duration of rise or fall, expressed in minutes, r the corresponding range or amount 
of the same, and t the number of minutes from high or low water; t;; d. 

If the diurnal inequality is considerable, any process of interpolation is rather laborious and 
not always accurate, even where the shallow water components are small, because the period of 
the diurnal wave is not generally exactly twice that of the semidiurnal. 

The range of the diurnal wave Is, approximately, 

(497) 

The high-water inequality is found by subtracting a given high-water height f~om the mean of 
the two adjacent high-water heights. Similarly for the inequality in the low waters. The range 
of the semidiurnal wave is, very uearly, 

2 L1z =mean rauge for the day - - (~~-ill~_q_.)~_+ (LW ineq.)z . (493) 
rn x mean range for the day 

The position of the maximum of the semidiurnal wave can be found from values like those 
given in the fifth and sixth columns of the second tabulation in the preceding paragraph. 

These data, with Table rn, enable one to find the position of the diurnal wave with respect to 
the semidiurnal, also the value of L11. 

l{ules for determining the quadrant of the rrw phase of the diurnal wave, i. e., the angle or 
phase of tl~e diurnal at the time of rrw of the semidiurnal, are as follows: 

~
For HHW, HW phase falls in 1st quadrant. 

Sequence llHW to LL W 
For LHW, HW phase falls in 3d quadrant. 

(499) 

~
For HHW, HW phase falls in 4th quadrant. 

Sequence LLW to lIHW 
For LllW, lIW phase falls in 2d quadrant. 

The HW phase, when converted iuto time at the rate of 15° per hour, gives the time by which 
the HW of the diurnal wave precedes that of the semidiurnal. This angle should be taken 
between -180° and+ 1300. 

The sum of the hourly ordinates of the diurnal ancl semidiurnal waves give the hourly 
ordinates of the tide; the height of tide at any time tis 

Ll2 cos 29° (t - tz) + L1 1 cos 15° (t - t1) 

where t2, t1 denote the times of high water of the two waves. 

(500) 
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76. Remarks upon p1tblished results and tables. 
The effects of the motion of the moon's node upon the amplitudes and epochs of the compo­

nents, as brought out by the harmonic analysis, were not allowed for in the earlier published 
results. Consequently, determinations from successive years were not inter se comparable. In 
this connection see the British Association l~eports, 1878, p. 481, note, and 1883, p. 91. 

Ferrel corrected the components ~'12 , K 2, K 1, and 0 1 for such effects, but omitted the corrections 
for the other components similarly affected. His tables for this purpose are given upon page 304 
of the Survey Report for 1878. It is to be noted that the numerical values of his .dE's for K1, M2, 

and K2 have the wrong signs prefixed; he seems, however, to have always corrected this in making 
analyses. 

Initial equilibrium arguments.-In the Survey Report for 1878, Ferrel uses c, and in the Report 
for 1883 he uses k, to denote V0, or the uniformly varying portion of Vo+ u. The k's (or e's) ofK1, 
K2, and l 2, and perhaps others, are sometimes wrong by 90° or 180°. To ascertain this, compare 
the k's (or e's), l{eport for 1878, pages 270, 303, and for 1883, page 267, with the Yo+ u of Table 3. 
A leap year is not so convenient as a common year for this purpose, because the k's then refer to 
the 2d instead of the 1st of January. The smaller discrepancies shown by such comparison 
are due to the u of Table 1. That is 

V0 + 1t - le= u = - oc• or + L1E, t very nearly. (501) 

In this manual the origin of the day is taken as midnight. Oonsequently, unless otherwise 
stated, V0 refers to midnight instead of noon as contemplated by the British Tidal Committee. 

In Tables 1 and 3 the initial equilibrium argument of ~ is in error by 180°. 
E. Roberts has noted that the lower half of Table 8 has been incorrectly formed from the 

upper half. The tabular values will still hold good if for (P = ) 950, 100°, 1050, etc., there be 
substituted 1750, 1700, 1650, etc. 

In using Table 31, euter columns ; 1 ~as many days before the given date as there are degrees 

' . 2v' m Ji Tables 6, 7. v 

Enter Table 32 as many days before the given date as there are degrees in iv'; Tables 6, 7. 
Enter Table 33 as many days before the given date as there are degrees in v'; Tables 6, 7. 
77. Harmonic analysis of tidal currents. 
The height of the tide or the vertical displaceme:.J.t of the surface of the sea at a given point 

is usually assumed to have for its expression 

y or h = Mz' cos (m2t + argu Mz - Mz0) + S2 cos (Szt + arg0 Sz - S2°) 

+ N2' cos (n2t + argo Nz - N2°) + 
+Ki' cos (k1t + arg0 K1 - K1°) + 01' cos (01t + argo 01 + 01°) 

+Pi' cos (Prt + arg0 P1 - P1°) + (502) 

In a canal of indefinite length it would be reasonable (according to § 22, Part I) to assume 
the horizontal displacement ( e) to be of the above form, sa.ve that. sines take the place of cosines, 
and that the amplitudes are the above amplitudes all multiplied by the same constant. The 
velocity of the current is d~ /dt, an expression involving cosines instead of sines, and having the 
horizontal displacement amplitudes multiplied by the respective speeds. This shows that a 
diurnal component of the velocity is only about one· half as great as a semidiurnal when the two 
corresponding tidal components, or partial tides, are equal. On the other hand, the quarter 
diurnals and the sixth diurnals have a tendency to become more prououuced in the velocity. The 
theoretical ratio between two velocity amplitudes is not the same as the theoretical ratios between 
the two corresponding tidal coefficients, even though both partial tides are diurnal or both 
semidiurnal; but this ratio must be multiplied by the speed ratio. 

·-· ---------------------
*o E as used by Ferrel is tho alteration in the epoch of a component which will adapt it to n particulnr your. It 

is tabulated for Me, K,, K,, and 0 1 upon page 268 of the Report for 1883. 
t L1e is the correction in the observ0tl epoch of o. component, due to the motion of tho moon's nodl'I, It is to.bulo.ted 

upon po.ge 304 of the Heport for 1878, o.s already stated. 
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It is here supposed that we have hourly observations upon the velocity and direction of the 
current extending over one· or more months. These velocities can be re'lolved with reference 
to two fixed directions-say, north and east. The velocities may be denoted by the letters used to 
denote the partial tides, each with a dot written above each: e.g., .M:2, 82, N2. The resolved portions 
may be distinguished by the subscripts n, e, s, or w, according to the direction-north, east, south, 
or west-to wllich they refer. Tlle resolution of the velocities into two portions is readily effected 
by aid of a circle drawn upon cross-section paper and divided into degrees, together with a scale 
whose zero is at the center of the circle and whose straight edge always falls upon a radius. 

The summations and analyses are made in the same manner as for the partial tides, because 
the velocity in a given direction (north, say) is assumed to be written 

v,. = M2,.' cos (m2t + arg0 M.l - M2.,0 ) + 82 .. cos (sit + arg0 Si - S2,. 0 ) 

+ N2,.' cos (n2t + argo Nz - N2 .. 0 ) + 

+Ki.' cos (k1t + arg0 K1 - J{1.0 ) + 01,.' cos (01t + arg0 O, - 0 1• 0 ) 

+ P1n cos (pit+ arg0 P 1 - i>i..0 ) + 

For the easterly portion of the velocity e simply replaces n. 
Where the water follows a fixed channel 

~Iz = v l\1:2.2 + ~12,2 • 

(503) 

(504) 

If a directi<;m indicated by the subscript approximately coincides with the direction of flood, 
then for long tidal rivers we should expect l\f2° to be approximately equal to M 2°; but for a small 
bay or harbor it should be nearer M2o- 900. If the direction indicated by the subscript approxi­
mately coincides with the direction of the ebb, M:20 should be approximately equal to M2° ::!:: 180° 
for a long tidal river and M2° + 900 for a small bay or harbor. The same statements hold true 
when M2 is replaced by 8 2, N 2, K 1, etc. 

In tidal rivers or in straits the currents have a nearly fixed line of motion, and so it is hardly 
necessary to decompose the velocities into two parts, as indicated above. 

78. To combine the various current components for any given future time. 
Combine, as in § 72, all partial north-and-south currents; likewise combine all partial east­

and-west currents. With the two velocities thus obtained a rectangle of velocities can be 
constructed whose diagonal represents the direction and velocity of the total current . 

.)' 

I 
I 

Fm. 12. 

I 
I 

/ 
/ 

/ 
I 

I 

/ 

Prediction of currents.-Suppose all partial north-and-south currents to have been properly 
combined, and a curve drawn representing the result from hour to hour. A tide predictor 
which traces a continuous curve can be used for this purpose and so the labor of computation be 
avoided. Suppose the partial east-and-west currents to have been similarly combined and a 
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curve drawn. Let the two curves be i>laced side l>y side. At a.uy given instant the direction and 
velocity of the total current become known upon constructing a rectangle of velocities by aid of 
the two curves. 

The time of minimum velocity can l>e found either by trial or directly by the following 
process: 

Upon glancing at the t.wo curves the approximate time of minimum velocity can be found; it 
will generally lie near the point where the curve of greater amplitude crosses its axis. A straight 
line can be drawn closely coinciding with this curve for some distance either way from the 
assumed time of minimum velocity. Another straight line can be drawn nearly coinciding with 
the other curve for the time in question. The question then reduces to the simple geometrical 
problem (which has an application in § 36, Part Ill): 

In a plane are given two straight lines referred to rectangular coordinates; it is required 
to find geometrically an abscissa such that the sum of the squares of the two corresponding 
ordinates shall be a minimum. 

Suppose the equation 
y = m.v 

to represent the line having the greater inclination to tlie x-axis and the equation 

the other line. 
When 

x y - + -=1, a b 

(505) 

(506) 

(507) 

the sum of the squares of the two y's becomes a minimum. The problem may now b~ stated: 
Given a., b, and m, to find x geometrically. 

J,et 00 and AB denote the given lines; draw AG parallel to the y-axis and lay oft' AD= 
BO= b. Bisect AO, thus determining E; then with _E as center and OD as radius, describe an 
arc FGH. Draw BG parallel to the x-axis; take GH = FG and draw the line EHI. Take 
EI= EO =~a and project I upon the x-axis in J: then is OJ the requireQ. abscissa. 

7!:J. R1tles governing the choice between Roman andJtalic letters in tidal work. 
Considerable confusion having already arisen among writers upon tides in regard to the nota. 

tion employed, it has been thought best to here state certain rules which have been generally 
followed in this manual. 

Homan letters are used to denote-
lst. Quantities which are in themselves particular or definite tidal quantities at a given 

station. E.g., M2, M0 2, 82, 82°, Mn, HWI. 
2d. Defi11ite quantities intimately connected or associated with those of the kind just referred 

to. E. g., m2, s2, meaniug speeds; M, 8, denoting particular series of lunar and solar tides. 
Italic letters are used to denote-
lst. Quautities not tidal. E.g., S = the longitude in time of the time meridian; a= the earth's 

radius; r = the moon's distance; I, i, =inclinations of lunar orbit; Y =potential. 
2d. Indefinite tidal quantities; i. e., such as must be connected with definite tidal quantities 

lJefore they have a meaning. E.g., ][or .R used for amplitude, Y0 + 1t, F, ;: 
3d. Temporary or general symbols whether tidal or not. E.g., X, Y, Z, x, y, z, A, B, O, a, b, 

c, A 0 , 02, C2. 
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TABLE 36.-Shallow-walcr COlllJIUlll'll/8. 

['I'erms from y'''.] 
SEMIDICHNAL COllPOXENTS. 

1-----------,-------,-------------·-- --·---------------------

i Designation of 

1----~~mpot:_~•-l_. --- ------
1 (K,K,) I 

Primitive Speed. I Argun1ent. 
Primitive epoc~: ___ 1 atnplitude. -· ---... -----· -------------1 

k, -:- k, = k. I 3o·os21372 f 

. (K,O,) 
i ( K,l',) 

i (0,0,) 
(0 P1 ) 

P,) 

K, 
M, 
s. 
o. 

P. 

Y,K,o 
K,O, 
K,l\ 

y,o,• 
0,l', 

Y,P.2 

2 arg K, 
k, -t- o, ".'..' 1_11, 128 :984 I042 arg K, +· arg 0 1 

k, + p, - s, 30 CXXXXXlO arg K 1 + arg P, 

o, : o, == 02 27'886o712 J 2 arg 0, 
o,-j-p, 28·9019670 arg 0, -t- arg I\ 

I 

p,-j-p,=p. 
I 

29·9178628 ; 2 arg P 1 

---------------------
CO:\IPOXENTS OF LONI: PEIUOD. 

l 
(K1-K1 ) Y,K,• k 1 -·k1 =0 I 

() 0 
~K1-01 ) Mf K,0, k, -o,=mf 1 ·098o330 arg K 1 - arg 0, 
K,-P,) Ssa K,1\ k 1 -p1 =ssa o·o821372 arg K, - arg P, 

(0,-0,) y,o,• ; 01-01=0 0 0 

I 

(01-P1 ) MSf _ 0,P, p 1 -01=msf I"OJ58958 arg P, - arg 0 1 

(P1-P1 ) Y,P,• p,-p,=o 0 0 
I 

TERDIIJRNA.L COMPONENTS. 

2K.1° 
l{IO ·:· olo 
K,o-j 1\0 

20, 0 

o,o-!- p 1o 

2P1° 

0 
K,o-
K,o __ 

0 
p,o-

0 

o,o 
p,o 

I 

(M2 K 1 ) 

(M,01
) 

(M2 P1 ) 

MK 
2MK 

M2 K, 
M 2 0 1 

M 2 P1 

11112 + k, = mk 
1112 + o, 
m, --t- p, 

44·0251728 
42·9271398 
43·9430356 

arg M2 -j- arg K, 
arg M 2 + arg 0, 
arg 1\12 + arg P 1 

,, __ l 
M,o + K,o 
M,o + 0,0 
M,o + l\o 

(S.K,) 
(S,O,) 
(S.P,) 

(N2 K 1 ) 

(N20,) 
(N2 P 1 ) 

(K2 K 1 ) 

(K 20 1 ) 

(K 2 P 1 ) 

L.O,) 
L2 P,) 

S2 K1 

s.o, 
S2 P, 

N2 K1 

N 0 0, 
N2 P1 

K2 K1 

K 2 0, 
K 2 P 1 

L,K, 
L,0, 
L.P, 

s. -\- k, 
s. + o, 
s. + p, 

112 + k, 
n. + o, 
n,--!- p, 

3k, 
k,-t-o,=mk 
k.+p. 

1,-j-k, 
1, --t-o, 
1,-f- p, 

45·041o686 
43·9430356 
44·9589314 

43·4So7982 
42·3827652 
43·39866!0 

45·1232058 
44·0251728 
45·041o686 

44·5695474 
43·4715144 
44·4874w2 

arg S2 + arg K 1 

arg S, + arg 0 1 

arg S 2 + arg P, 

arg K2 + arg K, 
arg N. + arg 0, 
arg N. + arg P, 

3 arg K, 
arg K. + arg O, 
arg K 2 + arg P, 

arg L. + arg K, 
arg L. + arg 0, 
arg L. -i- arg P, 

s.o + K,o 
s.o + o,o 
S,o -i- p,o 

N. 0 I K, 0 

N,o + 0,0 
N2° +- P1° 

L,o + o,o 
L,o -j-P,o 

I ~
L.K,) 

--~---·-'--------'------

i,20+1~1 0 

------------------~----
DIC:HNAL cmIPOXENTS. 

I 
I 

I 
I 

(M.~K,) 
(M,~O,) 
(M.~1\) 

~
S.-~K,) 
s.~o,) 
s.~ P,) 

(N.~K,) 
(N.~O,) 
(N,~1',) 

0, 
K, 

P, 

K, 

Q, 
[M,] 

.K, 

M 2 K 1 

M 2 0, 
M 2 P1 

S,K, 
s.o, 
S2 P, 

N2 K, 
N,O, 
N,P, 

K,K, 
K,O, 
K 2I\ 

I 

I 
1
1112 --· k, = 0 1 

;tl12 -01=k1 
·m. - p, 

s. -- k, = p. 
s. -o, 
s. ---p, = k, 

; n,--k1 =g1 

I

. n, -- 0 1 = Lm,} 
n, -- p, 

I k,-k,=k1 
· k,-o, 
k,·-p, 

i 

I ~
L,~K,) L2 K 1 12 --k, 
L.~o,) J, L.O, 1,--o,=j, 

l---~=~-----------I_,._P_, ___ 1, __ -_P• 

For a description of this table, see ?. 48, Part II. 

13·9430356 
15·04!0686 
14·0251728 

14·9589314 
16·0569644 
15·04ro6S6 

13 ·39866!0 
14·4966940 
13·48o7982 

15·041o686 
16· 139w16 
IS' 1232058 

r4·4874w2 
I 5 '58544,-;2 
14 ·5695474 

arg M2 -- arg K, 
arg M 2 - arg 0 1 

arg M 2 -- arg P 1 

arg S2 - arg K, 
arg 8 2 -- arg 0, 
arg 8 2 ... _ arg I'. 

arg N, - arg K 1 

arg ~, .. arg 0 1 

arg N, - arg P 1 

arg K 2 --- arg K, 
arg K 2 - arg O, 
arg K, - arg P, 

arg L, -- arg K 1 

arg J,. - arg 0 1 

arg I,, -- arg P 1 

s,o-K,o 
s:io -- 01u 
s.o,. . l'." 

N:i0 
-·· K1° 

N:io -·- 01u 
N2o -- p10 

I~20 - l{IO 
K,o - - 0,0 
K2° · - P1° 

L2° - !{1° 
L'..Z0 

-- 01° 
L:io - P.o 

For sake of clearness we have supposed (AB) to denote a component whose speed is a+ b, and (A-...B) a 
co1upoucut whose speed is a~b. 
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(S.S.) 
(S.N2 ) 

(S.K.) 
(S.L.) 

(N.N.) 
(N2 K 2 ) 

(N.L.) 

(K,K,) 
(K.L.) 

(L.L.) 

ls. - s.) 
S. - N.) 
S. - K.) 
s. - L.) 

(N2 - N2 ) 

(N.-K.) 
(N. - L.) 

s. 

MSf 
Mm 
Mf 

Mm 

Ssa 

UNITED STA.TES COAST AND GEODETIC SURVEY. 

TABLE 36.-Sliallow-watM components-Continued. 

[Terms from y12.] 

QU ARTER·DIUirn AL COMPONENTS. 

Primitive I ---Sp-ee_<l_. ·-··--...,.-----A---t----...,.---1-' -. -.-t.- =-ih 

nmplitud~ -----------! rgumen . nm1 1ve epoc . 

Y, M? 
M,S. 
M.N. 
M,K. 
M.L. 

Y, S.2 
S.N. 
S,K. 
S.L. 

m,+m.=m4 
m.+s. 

m2 +n.=mn 
m.+k. 
rn.+ 1. 

S. + S. =S4 
s. + n. 
s.+~=r• 
s.+ 1. 

n. + 112 =114 
n, + k, I n. + 1. 

'k.+ k.=k. 
k. + 1. 

1. + 1. = 1. 

57"¢!l2084 
58·9841042 
5r4238338 
59·o662414 
58·5125830 

6o·ooooooo 
58·4397296 
6o·o821372 
59·5284788 

56·8794592 
58·5218668 
5r9682o84 

6o·1642744 
59·61o616o 

59·05695761 

2 arg M. 
arg M2 + arg S. 
arg M2 + arg N2 

arg M2 + arg K2 

arg M2 + arg J.,2 

2 arg 8 2 

arg 8 2 + arg N 2 

arg 8 2 + arg K. 
arg 82 + arg L. 

2 arg N. 
arg N2 + arg K 2 

arg N2 + arg L. 

2 arg K. 
arg K, + arg J.,2 

2 arg J.,2 

COMPO:NENTS 01" J,O:NG PERIOD. 

2 M 2 ° 
M.o + s.o 
Moo+ N.o 
M.o + K.o 
M.o + L.o 

2 s.0 

s.o + N.o 
S.0 + K.~ 
s.o-r-1.,.0 

2 N2° 
N.o + K.o 
N,o + L.o 

Y, M.2 Im. ···- rn. = o o o o 
--------·-------·-------------:1 

M,S. . 1 s. --· m. = msf I "OJ 58958 arg S. -- arg M. S2 ° - M. 0 

M,N. 111,-11,=mm 0·5443746 argM,-argN. M. 0 -N,0 I 
M,K2 rn2 - k. = mf r098o330 arg.M. -- arg Ko M,0 

- K,0 

M.L. 1,-m.=mm 0·5443746 argJ.,,-argM. J.,2 °--M, 0 

Y, S.2 
S.N. 
S,K2 

s.r ... 
I 

s2 -s.=o 
s. -- n. 
k,-- s.=ssa 
s. --- 1. 

l12-l12=0 

k,-n. 
12 - 112 

0 

l ·56o2704 
0·0821372 
0·4715212 

0 

I 
06424076 

ro887492 

0 

arg 8 2 -- arg :N2 

arg K 2 · ·- arg S2 

arg 82 - arg L. 

0 

arg K 2 - arg N2 

arg L. - arg N. 

0 

82° ··- N2° 
K.o -- s.o 
82° - L,0 

() 

K,o -- N,o 
L2° -- N2° 

(K. - K.) y. K.· k. ·- k. = 0 0 0 0 I 

I (K ~LL._•_))-'-----'---K-·_L_·_~:-k_._-_·_l_. __ --'--o-·5_5_3_65_8_4 ____ a-rg_'_K_.~-arg_L_. _____ K_,o_.-:.L_.o I . -_ y, L.2 I 1. -- 1. = 0 0 0 



I Dffi"""' 

(M2 M 
(M2 M 

ion of component. 

.M.) 
.s.) 
.N.) 
.K.) ~

M2M 
M2M 
M2 M .L.) 

(M,S .s.) 
.N.) 
,K,) ~

M2S 
M2S 
M 2S .L.) 

(S2 M, 
(S2 M 

M.) 
.s.) 
N.) 
K,? 

• L. ~
S2M. 
S2 M, 
S.M 

s.) 
N,~ K, 
L.) 
----·-

~"Vl,M.} 
M2S,) 

M2 M2N2 ) 

M,-M2 K,) 
M,-M.L,) 

!M,-S.S,) 
M.-s.N.~ 
M,-S,K, 
M.-S.L.) 

~S2-M2M2 ) 
S,-M,S2 ) 

~S.-M.N,) 
S.-M2K,) 
S2-M2L,) 

is.-S.S.) 
s.-s.N.~ 
S,-S.K. 
S.-S.L.) 

I I (M.M6) 
~M.S6) I S.M6) 
(S.S6) 

I 

I ~M.-M6} 

I 
M,-S6) 
~S.~M6) 
s.-s6) 

Mo 

s6 

··--·· 

M. 
s. 
N. 
K. 
L. 

2SM 
ii.. 

2MS 

v. 

s. 
N, 
K. 
L. 

Ms 

Sa 

M4 

s. 
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Prhnitive 
amplitude. 

TABLE B6.-Shallow-water componc11ts-Continued. 

[Terms fromy'J or y' Xy1•.] 

ONE.SIXTH-DIURNAL COlIPONENTS. 

. -·-· ·------·--· -----

Speed. Arguruent. 

----------

y, :v1.' 
M.2S2 

M,'N2 

1\1,'K, 
M:12 L, 

Y, :.VI,S,2 
:.vt,S,N. 
M2S2 K2 
:\1,S,L. 

Y,S.:\1.2 
M,S.2 

M.S.N. 
M2S2K2 
M2S•L • 

Y,S.3 
S22N, 
S?K. 
S?L. 

Y,M.1 
M?S. 
M?N. 
M.2K2 

M?L. 

Y,M.S.2 
M2 S,N. 
M,S.K2 
M2S,L. 

Y,S,M? 
M,S, 

M.S.N, 
M2S,K2 
M,S.L. 

Y,S,1 
S.•N, 
S?K2 
s.•L. 

Y, M,• 
Yz M2S.1 
Y. S,M,J 

Y. s.• 

y. M.• 
,% M2S23 
y. S2M,1 

Y. s.• 

3 m. =mo 86·9523126 3 arg M. 
2 m, + s. 8r9682084 2 arg M. + arg s. 

! 

2 111, -t- 112 86·407938o 2 arg M. + arg N. 
2 1n2 -t- k2 88·0503456 2 arg M2 + arg K2 

I 21112+12 Sr4966872 2 arg M2 + arg L. 
I 

i 
2 s. + m2 88·9841042 2 arg S2 + arg M2 

1112 + s. + 11 2 8r4238338 arg 1\12 + arg S2 + arg N 2 

1112 + s.+ k 2 89·o662414 arg 1\12 + arg S2 + arg K 2 
m. + s. +I, 88·5125830 arg M. + arg S2 + arg L2 

2 m. + s. 87·9682o84 2 arg M2 + arg S. 
m 2 + 2 s. 88·9841042 arg M2 + 2 arg S2 

m 2 +s.+112 8r4238338 arg M. + arg S2 + arg N 2 
111, + s. + k 2 89·o6624r4 arg M2 + arg S. + arg K2 

' 1112 + s. + 12 88·5125830 arg !\I. + arg S2 + arg L. 

3s.=So 90·0000000 3 arg S. 
2 s. + 112 88·4397296 2 arg 82 + arg N2 
2 s. + k. ra·o821372 2 arg S2 + arg K2 
2 s. + 1. 9·5284788 2 arg S2 + arg L2 

SE:UIDIUR::-IAL COllPONENTS. 

m. 28·984ro42 arg M. 
s. 30·0000000 arg 8 2 

n. 28·4397296 arg N2 

k. 3o·o821372 arg K. 
1. 29·5284788 arg L. 

I 2s2 -m2 31·0158958 2 arg S2 - arg M, 
s.+n.-m.=il. 29·4556254 arg S. + arg N, - arg M, 

I s.+k2-l112 31·Q98o330 arg S2 + arg K2 - arg M2 
! s.+ 1, -1112 30·5443746 arg S2 + arg L. - arg M2 

i 2 m 2-s.=µ 2 27·¢82o84 2 arg M2 - arg S2 

, m. 28·984ro42 arg M, 
I 111,+n.-s. 12r4238338 arg M. + arg N. - arg S. 

111.+k.-s. 29·o662414 at'g M, + arg K2 - arg S. 
i m2+l2-s.=v. 28·5125830 arg M2 + arg K2 - arg S. 

s. I 30·0000000 arg S, 
n, I 28·4397296 arg N 2 

k. 3o·o821372 arg K2 

1. 29·5284788 arg L. 

[Terms fromy'• or y 1 Xyt1.J 

ONE-EIGHTII·DIURN AL COMPONENTS. 

4 m. =ms u5·9364168 4 arg M. 
3 s. + m. u8·9841042 3 arg S. + arg M. 
3 m.+ s. II6'9523126 3 arg M. + arg S. 
4 s.=Ss 120'0000000 4 arg S. 

QUART EI~· DIURNAL COMPONENTS. 

2m2 =1n4 57·9682o84 2 arg M2 

3 s.-m, 61·0158958 3 arg S. - arg M. 
3m.-s. 56·9523126 3 arg M. - arg S. 
2 S. = S4 6o·ooooooo 2 arg s. 

I 

581 

Primitive epoch. 

3M. 0 

2 M 2 ° 
2 M2 ° -t 

,s.o 
- N.o 

+ K,o 
+L.o 

2 M,0 

2 M2 ° 

M/+ 
M,o +s.o 

2 s.0 

+N2° 
+K.o 
+ L,o 

M,o +s.o 
M.o +s.o 

2 M2° 
M,o+ 

-s.o 
2 s.o 

M,o +s.o 
M,o + s,o 
M,o + s.o 

3 s. 0 

--:- N', 0 

+ K.o 
T L.0 

2 s.o 
2 s.o ' 
2 S. 0 -I 

+!JN.o -rK.o 
- L.o 

M, 
s. 
N, 
K. 
L.o 

2 s. 0 
-

s.o + N.o 
s,o + K,o 
s.o + L,o 

M,o 
-M,o 
--M,o 
-M,o 

2 M,0 c 0 -..:>-, 
M,o 

1\12° + N2 
M2° + K, 

0 - s.o 
0 -- s. 0 

-s.o M,o + L,o 

s.o 
N, 
K, 
L.o 

4 M.0 

3 s.o+ M,o 
3 M,o +S.o 

I 
I 
I 4 s.0 

_J 

2 M2 ° I 3 s.o - M,o 
3 M.o-s.o 

I 2 s.0 
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'l'AllLE 37.-Th'tJ theoretical amplit11cleB of Borne of the more important compone11IB for el'el'y 5 deg1'eeB of lalitudc. 

+90 
+8s 
+So 
+1s 
+10 
+6s 

+6o 
+ss 
+so 

+4S 
+40 
+3S 

0 

-· s 
--IO 

-15 
-20 
-2s 

-45 
-so 
-ss 
-6o 
-6s 
-70 

-75 

I 

i 
I 

i 
I 

! 

I 
' 

-8o1 
-85. 

-901 

cos2 >.. 

0'0000 
0·0076 
0·0301 

0·0070 
O'II70 
0·1786 

0·2soo 
0·3290 
0·4132 

o·sooo 
o·s868 
0·6711 

0·7soo 
0·8214 
0·8830 

0·9330 
0·9698 
o·9924 

1'0000 
0·9924 
0·9698 

0·9330 
0·8830 
0·8214 

0·7soo 
0·671 I 
o·s868 

o·sooo 
0.4132 
0·3290 

0·2soo 
0·1786 
o·n70 

0·0670 
0·0301 
0·0076 
o·oooo 

sin 2 A. 

0'0000 
0·1736 
0·3420 

o·sooo 
0·6428 
0·766o 

o·866o 
0·9397 
0·9848 

1'0000 
0·9848 
0·9397 

o·866o 
0·766o 
0·6428 

o·sooo 
0·3420 
0·1736 

0'0000 
-0·1736 
-0·3420 

-o·sooo 
-0·6428 
-0·766o 

--o·866o 
-0·9397 
--0·9848 

-1·0000 
--0·9848 
·-0·9397 

-o·866o 
-0·766o 
-0·6428 

--0·5000 
-0·3420 
-0·1736 

0'0000 

---------

--------· 

~-~sin' A 

-1'0000 I 
--0·9886 
-0·9548 

-0·899s 
-0·824s 
-0·7321 

-0·62so 
-o·soos 
-0·38o2 

-0·2soo 
-0·1198 
+o·oo66; 

I 
+0·12so 
-t-0·2321 
+0·3245 

+0·399s 
+0·4547 
+0·4886 

+o·sooo 
+0·4886 
+0·4s47 

+0·3995 
+0·324s 
+0·2321 

+0·12so 
+o·oo66 
-0·1198 

-0·2soo 
-0·38o2 
-o·so6s 

-0·62so 
-0·7321 
-0·8:z4s 

-0·899s 
-0·9548 
-o·<j886 
-1·0000 

Fer/. Feet. 
0'000 0'000 
O'oOO 0'001 
0·024 o·oos 

0·054 0'010 
0·094 0'0!8 
0·143 0·028 

0'200 0·039 
0·263 o·os1 
0·330 0·004 

0·400 0·077 
0·469 0·091 
o·s37 0·104 

o·6oo o·u6 
0·6s7 0·127 
0·700 0·137 

0·746 0'14S 
0·776 O'ISO 
0·794 0·1s4 

o·Soo O'ISS 
0·794 O'IS4 
0·776 O'ISO 

0·746 0·14s 
0·706 0·137 
0·657 0·127 

o·6oo 0·116 
O'S37 0·104 
0·469 '0·091 

0·400 0·077 
0·330 0·004 
0·263 0·051 

0.200 i 0·039 
0·143 i 0·028 
o·094 0·018 

o·os4 0'010 
0·024 o·oos 
o·oo6 0·001 
o·ooo o·ooo 

1~ I 
i Feet. 

o·ooo 
I 0·003 

O'OII 

0·02s 
0·044 
0·066 

0·093 
0·122 
O'IS4 

0·186 
0·218 
0·250 

0·279 
0·300 
0·3291 

0·347 . 
0·361 
0·369 

0·372 
. 0·369 
! 0·361 

i 0·347 ! I 
I o·329 i 
' 0·306 i 
I 

0·279 [ I 

0·2so I 
0·2181 

0·186 I 
~::~~I 
0·093 
0·0061 0·044 

0·02s I 

O'OII I 0·003 
o·ooo 

K, o, 
--··-· 

Feel. Fed. 

+~:~1 
0'000 

+o·os8 
+0·160 +0·114 

+0·233 I ;-0·166 
T0'300. +0·213 
+0·3s81 +0·2s4 

+0·404 I I 0·287 
+0·439 -1-0·312 
+0·460 +-0·327 

+0·467 +0·332 
-I 0·46o 10·327 
+0·439 +0·312 

-;-0'404 +0·287 
-1-0·358 +0·2s4 
! 0·300 +0·213 

-0·233 _;_0·166 
+0·16o +0·114 
+0·081 -/·o·os8 

-t-o·ooo +o·ooo 
---·0·081 -o·os8 
-0·16o -0·114 

--0·233 ··-0·166 
-0·300 --0·213 
--0·3s8 -0·2s4 

-0·40.t I ----0·287 
--0'439 I -0·312 
-0·46o ' --0·327 

--0·467 I -0·332 
--0·46o I --0·327 
·--0·439' --0·312 

---·0·404 -0·287 
_ .. 0·358 -0'2S4 
-0·300 -0·213 

-0·233 ·--0·166 
-0·160 -0·114 
--o·o81 -0·058 

0'000 0'000 

P, 

Fed. i 
o·ooo I 

+0·027 
I +0·053 

+0·077 
!-0·099 

+,)'j 18 

+0·134 
+0·14s 
+0·1s2 

+0·1s4 
+0·1s2 
+0·14s 

+0·134 
-! O' I 18 I 

+0·099 

+0·077 
-1-0·053 
-\ 0·027 

+o·ooo 
-0·027 
--o·os3 

-0·077 
·-o·099 
-O'II8 

-0·134 
---0·145 
-0·1s2 

I 
-0·1s4 i 
-0·1s2 i -O'l4S 

--0·134 
-0·118 
-0·099 

-0·077 
-o·os3 
-0·027 

0'000 

I 

'.\If I 

Fat. 
0·138 I 
0'136 I 

. 0·132 

0·124 
. ·0·114 
-0'101 

-o·o86 
-0·070 
o·os2 

·-0·034 
0·017 

+0·001 

\-0·017 
+0·032 
+0·045 

-Lo·oss 
i 0·003 
f 0·007 

' 

I 0·009 
-t 0·007 
\·0·063 -

+o·oss 
\·0·04s 
f-0·032 -

+0·017 
+0·001 
-0·017 

-0·034 
-o·os2 
-0·070 

-o·o86 
-0·101 
--o·u4 

-0·124 
-0·132 
--0·136 
-0·138 

Tabular value = [ ~ ; (~)"a= 1 ·76o J X latitude factor X coefficient. The latitude factor is given in column 21 

3
1 
or 4; the coefficient in 'rable 1.- For this table it is assumed that ~f = 8 / 07, 7 °c-:: 6o'.

34
, a= 20 902 ooo feet, accord­

ing to I-Iarkne~'''• Solar Parallax, pages 138, 140, using a mean radius of the earth instead of the e<1uatorial radius. 'rhe 
negative amplituclc signifies that the phase of the tide is altered hy 18o0

• The north latitude is+, the south 
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TABLE 38.-Augmenthig factors. 

Subscript. 

Con1pone 

s 

nts. 

I I I I I 2 3 4 5 6 7 8 

I 

. -·- ·----- - ' ---- --··- --- ----- ·--- -------

I 1'0000 l '{)()()() 1'0000 1'0000 1'0000 1'0000 l·oooo 1'0000 
·o·oooo 0'0000 0'0000 0'0000 0'0000 0'0000 o·oooo 0'0000 

I 
I 
; 

Group covers one solar hour. 
2SM I ·00307 1·01231 

0·001331 0·005313 i 
J 

,R,T 1·00287 1·01158 1·02632 ro4746 
I 

K p 
0·001246 0·004998 o·ou281 0·020138 

,MS l '00273 1'01116 1'02534 1·04568 
I 

' L A 
0·001196 0·004819 0·01o868 0·019400 

1·00266 I ·01075 1 ·02440 I ·04396 I ·o6989 l '10283 1 ·14363 1·19343 
0·001153 0·004644 

I 
0·010470 0·018683 0·029339 0·042507 0·058286 0·076797 

y 1·00256 1·01033 

M 

N 
0·001111 0·004464 

N,Jt I ·00249 1·00994 1'02256 1·04300 
0·001o81 0·004295 o·oo¢9r 0·018285 

0 2 

00 1·00333 
0·001442 

Q p I '00227 
0·000983 

1·00209 ' 
o·ooo~ 

MN 2 MK I '00261 1·01055 1'02394 l '043II 
0·001132 0·004557 ; 0·010274 0·018331 

I 

MK l '00274 r ·or 102 l '02503 
0·001189 0·00476o 0·010739 I Groul oovm on< oompon•nt ho=. 
1·00286 I ·or 152 1·02617 1·04720 1·07513 1·11072 1·154¢ l '20920 
0·001240 0·004974 O'OII219 0·020030 I 0·031461 I 0·0456o5 I o·o62571 o·o82498 

I 

The tabular value for any component other than S is 

arc er 
chcir-d c-i 

where r =the length of the group. It is a solar hour when each component hour receives one, and only one, hourly 
height; it may be regarded as a component hour when all hourly heights are used in the summation. (See~ 57, 
Part II.) 

Tides o.f long period. 

\Vhen all daily means are used, the factors given under the heading "Group covers one component hour" are 
to be applied to the long-period tides, the subscripts referring to the year or month, instead of the day as in the case 
of tid~s of short period. \Vhen attention is paid to the arrows, Table 43, in making the summations, the augment­
ing factors <lue· to using solar instead of component.time, are ~>'iven by the above formula by putting r =one solar 
day, and C=mf, msf, mm. The results are: r.00887 (log. =0.003835), r.00759 (log. =0.003282), 1.00217 (log.= 
0.000941 ). In case of any long-period tide there is, besides the augmenting factor proper, what might be called a 
group factor, due to using the mean of 24 heights each day. The numerical values just given are also the group 
factors for Mf, MSf, and Mm. 
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TABLE 39. - Values of b-a and of 24 X ( b-a ). 

DIURNALS. 

··--··---- ·-

I 
B 

A I 
·-

J1 K1 M1 o, 00 P1 Q· I 2Q s. I P• 
--·----· 

- 2"1~7824 =-~:73II571 I 

]• 0 - 0·5443747 - l"C'933912 - 1•6424077 + 0·5536583 - 0°6265II9 - 0·5854433 2·1139289 

I I+ 0·~3747 
-13·o64993 -26·24138<) -39·417785 +13·287799 -15·036.286 -52·482778 -65·547770 -14 ·05o639 

1 

_ 50·734294 

K1 0 - 0·5490165 - 1·098<>330 + 1·098<>330 - o·oB21372 - 1·6424077 - 2·1867824 - 0·041o686 - 1•5695542 

1+13 ·004993 0 -· 13•1763¢ -26·352792 +26·352792 - 1·971293 -39·417785 -52·482778 - 0•985646 . - 37"669301 

!\fr + 1·0933912 + 0·5490165 ! 0 -- 0·5490165 + 1 ·6470495 + 0·4668793 - 1"0933912 - 1•6377659 + 0·50794791-· 1·0205377 
+26·24138<) ;+13•1763¢ I 0 -13·1763¢ +39·529188 +I1°205103 -26·241389 -39•3o6382 +12·190750 -24•492905 

' 01 + 1"6424077 + l ·09&>330 I+ 0·5490165 0 + 2"1¢o66o + 1·0158958 - 0·5443747 - 1·o887494 + 1·056¢44 - 0·4715212 

+39"417785 +26·352792 +13·1763¢ 0 +52·705584 +24·381499 -13·004993 -26·129986 +25"367146 -II"316509 

00 - 0·5536583 - 1·09Bo330 - 1·6470495 - 2°1¢o66o 0 - l'I8olj02 - 2·7404407 - 3·2848154 - 1·1391016 - 2"6675872 
-13·287799 -26·352792 -39·529188 -52"705584 0 -28·324o85 -65·770577 -78·835570 -2r3JB438 --6.t ·022093 

P1 + 0•6265II9 + o·o821372 -· 0·4668793 - 1·0158958 + 1·18o1702 0 - 1·56o2705 - 2·1046452 + 0·041o686 -· 1·4874170 
+15·036286 + r971293 -JI

0 205103 -24·381499 +28"324085 0 -3r#6492 -50·511485 + 0•985646 -35 •6<)8oo8 

Q1 '+ 2"1867824 + 1·6424077 + 1·0933912 + 0•5443747 . + 2·7404407 + 1·56o2705 0 - 0·5443747 + 1·6o13391 + 0·0728535 

1+52"482778 +39·417785 +26·241389 + 13 ·o64993 : +65 •770577 +3r446492 I 0 -13·o64993 +38"432138 + 1"748484 

2Q I+ 2"73II571 + 2"1867824 + 1·6377659 + 1 ·o887494 I+ 3 ·2848154 + 2·1046452 + 0•5443747 0 + 2·1457138 + 0·6172282 
+65·547770 +52"482778 +39"3o6382 +26°129986 +78·835570 +50·5II485 +13·o64993 0 +51·497131 +14·813477 

I 

s. + 0·5854433 + 0·041o686 - 0·5079479 - 1"056¢44 + 1·1391016 - 0·041o686 - 1·6o13391 - 2·1457138 0 - 1·5284856 
I+ 14 ·05o639 + 0•985646 -12·190750 -25·367146 +27"338438 - 0·985646 -38·432138 -51·497131 0 - .)6•683654 

P• !+ 2·1139289 + 1·5695542 + 1·0205377 + 0•4715212 + 2·6675872 + 1"4874170 - 0•0728535 - 0°6172282 + 1·5284856 0 
1+50·734294 +37"669301 f +24·492905 +11"316509 +64·022093 +35"698oo8 - 1748484 ·-14·813477 +36°683654 0 
I 



TABLE 39.-Values of h-a and of 24X(h-a)-Continued. 

SEMIDIURNALS. 

---------------· -· 
B 

A 
K2 Ia M2 N2 2N R2 s. T2 

K2 0 - 0·5536584 - 1·09So330 - 1'6424076 - 2·1867824 - o·a,po686 - o·o821372 - 0·1232058 
0 -13•28j'8o2 -26·352792 -39·417782 -52·482778 - 0•985646 - r971293 - 2'956939 

Ia + 0'5536584 0 - 0·5443746 - l 'o887492 ! - 1·6331240 + 0·5,.5898 + 0•4715212 + 0·43045:>6 
+13·28j'8o2 0 -13'"64990 -2lh29981 -39·194976 +12·302155 +II"316509 +10·33o862 

M2 + I'098o330 + 0·5443746 0 - 0·5443746 - l'o887494 + 1°0569644 + ?'01589,58 + 0·9748272 
+26·352792 +13·~990 0 -13·"6.j990 -26' l 29986 +25'367146 +24·381499 +23·39,5853 

N2 + 1'6424076 + l'o887492 + 0·5443746 0 - 0·5443748 + l'6o13390 + l's002704 + 1'5192018 
+39'417782 +26·129981 +13·"64990 0 ·- 13 '"64995 +38'432136 +37'446490 +36'46o843 

2N + 2·!867324 + 1'6331240 + l'o887494 + 0·5443748 0 + 2·1457138 + 2·1046452 + 2·o635;66 
+52'482178 +39·194976 +26· I 29986 +13·o64995 0 +51'497131 +50·5u485 +49'5•sS38 

R2 + 0·041o686 - 0·512s89f! - 1'0569644 - l '6ol339'1 - 2'1457138 0 - 0·041o686 - o·o821372 
+ 0'985646 -12°302155 -25·367146 -38·432136 -51·497131 0 - 0·985646 - 1'971293 

s. + O'o821372 - 0·4715212 - 1'01589,58 - l's002704 - 2'1046452 + 0·041o686 0 - 0·041o686 
+ 1'971293 -n·316509 -24·381499 -37'446490 -50·5n485 + 0'985646 0 - 0'985646 

T2 + 0·12320,58 - 0·4304526 - 0·9748272 - 1'5192018 - 2·o635;66 + O'o821372 + 0·041o686 0 
+ 2·956939 -lo'33o862 -23•39!j853 -36·46o843 -49·52,5838 + 1·971293 + 0•985646 0 ' ' 

,\7 + 0'6265II8 + 0·0728534 - 0·4715212 - 1'0158958 - l's002700 + 0',5854432 
i 

+ 0·5443746 + 0·5033o6o . 
+15'036283 + r748482 -n·316509 -24·381499 -3r446494 +i4 "o:;o637 +13'o64990 +12'079344 

,.. + 2·n39288 + l"s6o2704 + 1'01589,58 + 0·4715212 - 0·0728536 + 2·07286o2 + 2·0317916 + 1°9907230 
+50'734291 +37'44649" +24'381499 +n·316509 - 1'748486 +49·748645 +48"762998 +47'7773.52 

.. + 1'5695542 + 1'01589,58 + 0·4715212 - 0·0728534 - 0·6172282 + l '5284856 + q874170 + 1·4463484 
+37'669301 +24'381499 +n·316509 -:- 1'748482 -14·813477 +36"683654 + 35 •69f!oo8 +34'712362 

2SM - 0·9337586 - 1"4874170 - 2·0317916 - 2·5761662 - 3·1205410 - 0·9748272 - 1°01589,58 - 1°0569644 
-22·4102o6 -35 •69f!oo8 -48'762998 - -61 ·827989 -74'892984 -23'39s853 -zr381499 -25'367146 

! ! 

In this table a, b denote the hourly speeds 0£ the components A, B. 

"• ,.. 
- 0·6265n8 - 2·n39288 
-15·036283 -50·734291 

- 0·0728534 - 1·56o2704 

- 1°748482 -37'446490 

+ 0·4715212 - l'OI589,58 
+n·316509 -zi;381499 

+ 1'01589,58 - 0·4715212 

+24'381499 -II'316509 

+ l's0027o6 + 0·0728536 

+37'446494 + 1'748486 

- o·,5854432 - 2·07286o2 

-14·osCJ637 -49'748645-

- 0·5443746 - 2'0317916 
~13·o64990 -48·762998 

- 0·5033o6o - 1"9907230 
-12·079344 -47'777352 

0 - 1'4874170 
0 -35 '6!)8oo8 

+ 1'4874170 0 

+ 35 '69f!oo8 0 

+ 0·9430424 - 0·5443746 
+22'633018 -13'o64990 

- l's002704 - 3'0476874 
-37'446490 -73·1444C)!i 

... 
- 1"5695542 

-37'669301 

- 1'0158958 

-24·381499 

- 0·4715212 

. -II'316509 

+ 0·0728534 

+ 1'748482 

+ 0·6172282 

+14·813477 
I 

I 
- 1'52848s6 I 
-36·683654 

- 1·4874170 

-35 •69f!oo8 

- 1'4463484 
-34·712362 

- 0·9430424 
-22·633018 

+ 0·5443746 

+i3·o649'J0 

0 

0 

- 2·5033128 

-6o·079507 

2SM 

+ 0•9337586 
+ z:q 10206 

+ 1'4874170 

+35'69f!oo8 

+ 2·0317916 

+48'762998 

+ 2'5761662 

+61 '827989 

+ 3·1205410 

+74"892984 

+ 0·9748272 

+23'39s853 

+ 1'01589,58 

+24·331499 

+ 1°0569644 

+25.367146 

+ l's6o2704 

+37'446490 

+ 3·0476874 
+ 73. 144498 

+ 2·50331::18 

+6o·079507 

0 

0 

~ 
t:"j 
"d 
0 

~ 
h:J 
0 
~ 

.... 
00 
~ 
-l 

I 
~ 
~ 
..... 
e-"' 

> :g 
. t<l 

~ ..... 
~ 

!:z: 
9 
;o 

°' 00 

°' 



586 UNITED STATES COAST AND GEODETIC SURVEY 

TABLE 40.-Synodi<: periodB in dayH anrl htHll"B. 

IHUlrnALS. 

JI 

J• K• :\I, 01 00 p, Q• I 2Q S1 

--··-·- --· ----··- - ·-- ----· ------ -----
00 

I 
00 I 

I 

27'55455 00 ! 

661"3092 00 

I 13·71879 2r321 5s 00 

329·2509 655,71So 00 
I 

I 
9·13293 13·66o79 2r321 5s "" I I 219·1904 32rS590 655·71So 00 

o. 

00 2r09252 13·66079 9·10719 6"83040 00 

650·2205 32r8590 218·5727 163·9295 00 

23·94208 182'62127 32·12822 14·76529 12·71003 00 

574·6100 I 4382·9105 771·0772 I 354·36";1 305'0407 co 
p, 

6·85939 I 9·13293 13·71879 27'55455 5·47357 9'61372 00 

164·6254 I 219·1904 329·2509 661·3092 131·3657 230·7292 00 

5·49218 6·85939 9·15882 1377728 4·56647 r12709 I 27'55455 00 

131°8123 164·6254 219·8116 330·6546 109·5952 171 ·0502 l 661 ·3092 00 

25'62161 365"24255 29·53059 14·19158 13·16827 365•24255 . 9'36716 (>•9go68 00 

614·9186 8765'8211 708°7341 340·5980 316·0385 8765·8211 I 224'8118 16r;;63 00 

2Q 

s. 

P• 7'09579 9·55685 14·69813 31·81193 5·623o6 205'8g265 24·30219 9'81364 

170·2990 229·3645 352·7552 763"4863 134'9S:l4 
IO'o846o I 

242·0~04 4941•4235 583·2527 235·5272 

-
SEMIDIURNALS. 

[--~--~~--------==------------R -

K2 L2 1.-l:a N2 2 N l<.:.i & 

---· 

, 

L• 2r09252 00 

650·2204 "' 
11!2 13·66o79 27'55456 

32r8590 661"3094 "' 

N, 9·13293 13·777281 2rs5456 co 

219·1904 330·6547 I 661 ·3094 00 

2N 6·85939 9·18485 I 13·jjj2S 27·55455 00 

! 164·6254 220·4364 330·654r; 6&1 y:xp "' 
R, i 365·24255 29•26317 14·19158 9·36;16 6'ggo68_ 

18765·8211 702·316o 340•5g8o 224·8118 1G7·7763 
' "' 

s. 182'62127 31·81193 I 14·76529 9·61372 7'12709 J 365·24255 

14:182'9105 76J'4863 354•3671 23o·j292 171'0502 .8765'82! I 

To I 121·74751 34•84704 15-38734 9·87361 7'268g3 182'62127 

2921·9403 836·3290 36g•2962 236·9665 174·4544 4382'910.'; 

Ao 23·94 2o8 205·Sg265 31'81193 14 76529 9·613721 25·62161 
574·6100 4941 ·4235 763'4863 354·3671 2307292 614 ·9186 

Jlo• 7'09579 9·61372 14·76529 31·81193 I 205'89236 . r2363s 

170·2990 230·7292 354•3671 763'4863 4941·4165 I 173•6731 

14·76529 31·81193 205'8q265 I 24·30216 9·81364 

229·3645 354·3671 763·4863 4941·4235 ! 583·2526 235·5272 

-- -

I 

255 ' 
211 I 

54561 27'5. 
661 ·3094 

265 

35 

6o IO'o&j 

242·03 04 

I 

·--·--·· -

--- ·----

To 
I 
I Ao I'• V2 

------ -·--

<.C 

00 
I 

29·Bo294 00 

715'27o6 00 

7'53495 IO'o846o 00 

18o08388 242·0304 00 

10·37095 i 15·90597 2rs5456 I 00 

248·9027 I 381·7432 661·3094 . 00 

I 

' 

8'~' 16·o64 II 110·0846o 7'38265 i 5 ·82261 / 4·8o686 15·38734 s29 I 14·76 

354·36 

14·19158 I 9·61312 4·921761 5·992o6 

385·5386 242·0304 17r1835 139·7425 I 115·3646 36g•2g62 71 340·5g8o . 230·7292 118·1224 I 143•8og4 
: ..... ----------· ---------

Synodic period = /j 15 - days or~ hours. 
-a b-a 

I 

P• 

. 

~ 
---

--
2SM 

00 

"° 
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TAnu; .U.-1"01· cleari11g one component of the effects of other8. 

[Length of series, 29 days.] 

587 

I 
c~,•~1~- Disturbing components (B, C, etc.). ~ 

__ K_, __ , ___ :._1, _____ o_, __ j~--- ___ S1 
I so('.-7\•t. --]-,------------------,...-, -------,c---p-,---,1--Q-,----,-,-·-2-Q--,-,----,-- P• 

J 1 ·0497 ·053 ·0525 ·065 "162 I ·049 •046 . l 13 , "021 
351 339 328 13 322 I 319 310 336 i 344 

K, ·050 
9 

7C 

M, ·053 
21 

0, ·052 
32 

7C 

00 ·o65 
347 

7C 
P, ·162 

38 
7C 

Q, ·049 
41 

2 Q ·046 
50 

7C 

s. ·113 
24 

I p, ·021 
L_ 16 

N, ·052 
32 

7C . 

2 N ·0491 
41 

R, ·990 
14 

s. ·959 
29 

T, ·909 
43 

"· · 162 
38 

7C 

JI, ·021 
16 

7C 7C 7C 7C . I 7C 7C I 
·057 ·0565 ·056 . ·959 ·052 ' ·049 ·990 
349 338 22 331 3281 319 346 

7C ·0575 7!·055 · 1o6 7!'·053 · ·050 ·0181 ·0575 
II 

, 349 I 0;; ;;; ;;; I ~;; ::; ·057 
II 

1l' 

·055 
327 

1l' 1l' 

·9590 
29 

·as~~ 

1

1 

~494 . 
41 

·9902 J 
14 

·0113' 
6 

1t 
·106 
198 

·053 
21 

·m4 
175 

1t 

·0182 
186 

1t 

·0497 
9 

7C 

·0489 
19 

·0212 
352 

·0958 
164 

·108 
51 

·1oS ·048 ·045 ·o86 
309 306 297 324 

·005 
3 

·017 
12 

7C 

·005 ·017 ·990 I 
357 348 14 

7C 

·050 
9 

1t 

·031 
343 

1t 
·968 
335 

·034 
333 

·021 
344 

·031 
17 

7( 

·034 
27 

... 
'Oii 

354 
1l' 
·018 

351 341 332 178 . 164 150 335 
·005 
357 186 

1l' 

·096 
196 

·050; 

1l' 91 
·049' 

19 ' 

7C 

·009 
182 

·192 
210 

·968 
25 

7C 7C 

·0212 
352 

·m82 
186 

7C 

·0599 
201 

7C 

·0958 
196 

;~~I -~!i 
I ·050 

351 
7( 

·050 
9 

7C 

·031 
343 

7C 

·005 
357 

7C 
·021 
191 

·034 
333 

·017 
348 1 

·003 
182 

7C 

·021 
8 

·031 
17 

7C 

·034 
27 

·0182 
174 

·0055 
3 

1t 
·cn68 

12 

·959 ·9902 
29 14 

·018 ·005 "I I 3 ·0497 
186 357 24 9 

1l' 7C 7C 1l' 

·005 ·0182 ·096 ·968 ·002 ·0181 

·o6o 
159 

·990 
346 

·028 

1751 

·038 . 
153 I 

7C ' 

·018' 
174 I 

1l' I 
·cxis 

3 
7C 

·113 
336 

7( 

·050 
351 

1l' 
·028 
185 

1l' 
·018 
186 

1l' 

·096 
196 

·968 
25 

·0021 
359 

:~~I 
·038 
207 

7( 

·042 
202 

·152 
35 

7( 

·015 
188 

·042 
202 

·o68 
217 

·092 
212 

7( 

·050 
9 

7( 
7C 3 7C 17 4 164 ·1 3351 I I 7C 67 

I v. "Oil ·018 ·0958 ·968 I ·152 ·015 ' ·0422 

I 
2 SM ~o: ~:: ·o::: .:: , . ::: ! .: I ·o:~: i ·021 

·o6S i 
143 

·092 
148 

7( 

·050 
351 

7( 

215 202 293 183 354 l' 20! ' 186 i 352 ! 
1l' 1l' 7C ! 7C I I 

------ -"----'-----'-------'------'--·------- ----~ 

·005 
357 

7( 

·ms 
199 

7C 

·032 
209 

·011 
354 

7( 

·014 
185 

1l' 

·096 
196 

·029 
332 

7( 

·042 
202. 

·152 
35 

7( 

·015 
188 

2SM 

"IOI 

145 
1l' 

·042 
158 

·018 
67 

1t 

·004 
177 

·005 
6 

·o6o 
159 

7( 

·018 
174 

1t 
·021 

8 

·005 
3 

1t 
·018 
161 

1l' 

·032 
151 



588 UN.lTED STATES COAST .AND GEODETIC SURVEY. 

TABLE 41-For oleari11g 011e component of the effects of others-Continued. 

[Length of series, 369 days.] 

Compo- Disturbing components (B. C, etc.). 
nent -soughL 
(A) ]• . Kr I M1 o, 00 p, Qi 2Q s. P• 

J, ·0224 ·004 ·0075 ·022 ·020 ·004 ·003 ·021 ·ooo 

290 198 287 lI2 286 217 326 288 i8o 

1'( 7' 7t 7t 7t 1'( 

K, '022 ·024 ·0004 ·ooo ·010 ·007 ·004 ·010 ·oo8 

70 269 358 2 356 287 217 358 250 
1'( 7t 7t 7' 7' 1'( 

M, ·004 ·0236 ·0236 ·ooB ·028 ·004 •oo6 ·025 ·004 

162 91 269 93 87 198 3o8 89 341 
7t 7t 7t 1'( 

0, ·ooB ·0004 ·024 ·ooo ·ooo '022 ·007 ·ooo I ·026 

73 2 91 4 178 290 219 1So 252 
7t 1( 7t 1( 1'( 

00 ·022 ·0004 ·ooB ·0004 ·001 ·005 ·002 ·001 ·004 

248 358 267 356 354 285 215 356 248 
1'( 7t 7t 7t 1( 

P, ·020 ·0102 ·028 ·0004 '001 ·ooB ·004 ·010 ·008 

74 4 273 182 6 291 221 2 254 
1( 7t 7t 1( 1'( 

Q, ·004 ·0075 ·004 ·0224 ·005 ·oo8 ·022 ·008 ·1o8 

. 143 73 162 70 75 69 290 71 143 
7t 7t 7t 1'( 7t 1'( 

2Q ·003 ·0036 ·oo6 ·0075 ·002 ·004 ·022 ·004 ·ou 

34 143 52 141 145 139 70 141 33 
1( 7t 7t 7t 7t 

S, ·021 ·0102 ·025 ·oooo ·001 ·010 ·ooB ·004 ·ooB 

72 2 271 18o 4 358 289 219 252 
7t 7t 7t 7t 1'( 

p, ·ooo ·0078 ·004 ·0261 ·004 ·008 ·1o8 ·orr ·oo8 

lSo IIO 19 lo8 l 12 lo6 217 327 1o8 
1'( 7t 1'( 7t 1( 1( 1( 

--. -

Compo- Disturbing components (B, C, etc.). 
nent 

sought. 
(A) K2 

I 
L. M, N':1 2N R, s. T. >.. II-• V2 2SM 

·---···· . - -----··---

K, ·022 ·oooo ·ooB ·004 ·010 ·0102 ·010 ·020 ·ooo ·ooB ·001 

248 358 287 217 358 356 354 286 18o 250 175 
1( 1'( 7t 1( 1'( 7t 7t 

L, ·022 ·0224 ·007 ·004 ·024 ·0261 ·029 ·ro8 ·oo8 ·ooo ·008 
II2 290 219 329 !IO lo8 ro6 217 291 182 lo6 

1'( 7t 7t 7t 

M, ·ooo '022 ·022 ·007 ·ooo ·0004 ·001 ·026 ·ooo ·026 ·ooo 
2 70 290 219 l8o 178 177 lo8 182 252 177 

1'( 7' 7t 7t 7t 7t 1'( 1( 

N. ·ooB ·007 ·0224 ·022 ·ooB ·0077 ·ooB ·ooo ·026 ·1o8 ·005 

73 141 70 290 71 69 67 178 252 143 67 
7t 1'( 7t 1'( 7' 1( 1'( 

2N ·004 ·004 ·0075 ·022 ·004 ·0040 ·004 ·ooB ·1o8 "01 I ·003 

143 31 141 70 141 139 138 69 143 33 138 
7t 7t 7t 7t 

·~1 R. ·010 ·024 '0000 ·ooB ·004 ·0102 ·010 ·021 ·ooo ·001 
2 250 l8o 289 219 358 356 288 181 :52 177 

7t 7t 7t 7t 7t 

s. ·oro ·026 ·0004 ·ooB ·004 ·010 ·010 ·022 ·ooo ·ooB / ·ooo 

4 252 182 291 221 2 358 290 183 254 I 178 
1'( 1( 7t 7t 1'( 1'( 

T. ·oro ·029 •ooo8 ·ooB ·004 ·010 ·0102 ·024 ·001 I 
·009 ·ooo 

6 254 183 293 222 4 2 291 185 256 l8o 
1( 1'( 7t 7t 1( 1( 

i\, ·020 ·1o8 ·0261 ·ooo ·ooB ·021 ·0224 ·024 ·ooB ·008 ·ooB 

74 143 252 182 291 72 70 69 254 324 69 
1'( 7t 7t 1'( 7t 

µ. ·ooo ·ooB ·0004 ·026 ·1o8 ·ooo ·0004 ·001 ·ooB ·022 ·ooo 
lSo 69 178 ro8 217 179 177 175 ro6 70 175 

7t 7t 1( 1'( 1'( 

"'· ·ooB ·ooo ·0261 ·1o8 'Oii ·oo8 ·oo84 ·009 ·ooB ·022 ·005 
1ro 178 1o8 217 327 lo8 1o6 ro4 36 290 105 

1'( 7t 7t 1( I 1'( 7t 7t 

~ l 'SM 

I 
·001 ·oo8 ·0004 ·005 ·003 ·001 ·00041 ·ooo ·ooB ·ooo ·005 

185 I 254 183 293 222 183 182 lSo 291 185 255 
1'( 1'( 7t I 7t 1'( 

--



REPORT FOR 1897-PART II. APPENDIX NO. 9. 589 

TABLE 42.-Component ho111"B derfoedfrom solar lioura. 

-----21'--_______ o ________ o_o _______ P .] 

---- ---- ---- ---- --------1--------1--------1--------1----
~'7 

series. 
K ] M N 

13+1 +- .................... 15-1 t 

3 !~t; + :::::::::: .. ~:-:~.~- .~'.:-:~.~-
4 18+4 +- . .... .. .. . . .. .. .. . . . 2-3 t 
5 20+5 t 0-2 +- 8-4 +-

6 21+6 +- .................... 13-5 t 
7 23+7 +- . . . . . . . . . . 16-3 +- 19-6 +-
8 . . . .. . . .. . 15+1 +- ..............•..... 
9 1+8 t 0-7 t 

IO 2+9 +-
0 0 0 0 0 0 0 0 

• 

0 0 0 7:.:4· "t 0 

6-8 +-

ll 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 

12-9 +-
14-8 t 
15-7 +-
17-6 t 
18-5 +-

. .. .. .. .• . 23-5 +-
12-9 +-
17-1ot 
23-ll+-

•••••••••• ••••••••• ,t 10+11+­
......•............. 15+10t 
····•·· .. . 6-7 t •21+9 +-

:::::::::: ·2;:..:3·~· ··;+8"t" 

24 .......••........••...........•..•..••.. 
25 I - I t .............. , . . . . . 0+4 t 

36 
37 
38 
39 
40 

41 
42 
43 
« 
45 

46 
47 
48 
49 
50 

3-0 t 
4+1 +-
6+2 t 
7+3 +-
9+4 +-

11+5 t 
12+6 +-
14+7 t 
16+8 t 
17+9 +-

19+1ot 
20+11+-
22+12+-

. ·~:.:;;·f 
I-Io+-
3-9 t 5-8 
6-7 +-
8-6 t 

9-5 +-
11-4 +-
13-3 t 

~i=~ +-
t 

5-10+-

.•..•.•••• 21-11~ 

6+3 +-
11+2 t 
17+1 +-
22+0 t 

.......... 12-12t 4-·I +-

....... ,, . , ... , .. , , . I0-·2 +-
• •· ·· ·· ·• ........... 15-3 t 

4+II+- 21 -4 +-

·········· 19+1ot 2-5 t .......... .......... 8-6 +-

··;+;·:i:· ·;;+9·:r:- 13-7 t 
19-8 +-.......... ::::::::::r -~~~-; . ·········· 3+8 +- 6- lo+-.......... ·;s+7·t· u-ut .......... 17-12+-

·········· .......... 22+ut 

.......... ·········· .......... 
·········· 10+6 +- 4+10.-
·········· .......... l~t§ t 
·········· +-

2+5 +- 20+7 t 

51 18-0 t .. 
52 ., 19+1 +- : :: :: :: :: : . i7+4· t .. ·;+6" t. 
53 21 +2 t . . . . . . . . . . . . . . . . . . . . 8+ 5 +-
54 22+3 +- 7+4 t ......... 13+4 t 
55 . . . . . . . . . . . . . .. . . . . . 9+3 +- 19+3 +-

0+4 +-
2+5 t 
3+6 +-
5+7 t 
6+8 +-

8+9 +-
10+10t 
u+11+-
13+12t 
15-ut 

66 16-to+-
67 18-9 1' 
68 19-8 +-
69 21-7 +-
70 23-6 1' 

············~+;·:r:· ~t::.. 
u+o t :::::::::: "i6+;·:r:· 17-1 +-

. ...... .. . . .. . . . . .. . 22-2 t 
·········· ..... ~ ........... . 

8+o +- 4-3 +-

: :: :: :: : : : ·;3:.:;·:r:· .~=~ t 
20-6 t 

. . . . . .. . . . 15-2 +- 2-7 +­
i.+5 +- . . . . . . . . . . 7-8 t 
.................... 13-9 +-

71 . . . . . . . . . . . .. . . . . . . . 7-3 +- 19-10.-

f; ~=~ r :::::::::: ·;;:.:4·:r ··~:..:i;:i:-
74 4-3 t . .. .. .. . . . . .. .. .. . . . 6-12+-
75 5-2 +- ..............•.... u+nt 

7-1 1' .......... 14-5 +- 17+10.-
S-o +- .................... »+9 t 

10+1 +-
12+2 t ·········· ··5:.:6·:r:· ··.;+s·~· 
13+3 +- . . . . . . . . . . . . . . . . . . . . 9+7 t 

10-1 t ........ . 
5-2 t . ········· 
1-3 +- 20-4 +-

15-5 t ......... . 
10-6 t ·········· 

5-7 t ·········. 
1-8 +- 20-9 +-

15-1ot ......... . 
10-11t •........• 
6-12+- ......... . 

t+II+- 20+10t 

:n~ t. :::::::::: 
6+7 +- ......... . 
1+6 +- 20+5 t 

15+4 t ......... . 
u+3 +- ......... . 
6+2 +- ......... . 
1+1 t 20+0 t 

16-I +- ......... . 

II-2 +.-, , ......• , 

~=~ + ·~:.:5·:r:· 
16-6 +- ......... . 
11-7 +- ........ .. 

~=~ + ·;;:.:;*· 
16-Il+- ......... . 
lI-I2t ......... . 
6+ll t ......... . 

2+10.- 21+9 +-
16+8 +- ......... . 
u+7 t ........ . 
6+6 t ·········· 
2+5 +- 21 +4 +-

16+3 t ......... . 
u+2 t ......... . 
7+1 +- ......... . 
2+0 +- 21-1 t 

16-2 t ·········. 
ll-3 t ......... . 
7-4 +- ......... . 
2-5 +- 21-6 t 

16-7 t ......... . 
12--8 +- ......... . 

7-9 +- ......... . 
2-10t 21-nt 

17-12+- ......... . 
12+ IJ<(- •••••••••• 

7-J;Io+- • .. •· •• ·• • 

2+9 t 21+8 t 
17+7 +- ......... . 
12+6 +- ......... . 
7+5 t 
2+4 t 2~+3 +-

17+2 +-
12+1 i 
7+0 
2-1 241:-2 +-

17-3 +- ......... . 

12-4 t ......... . 
7-5 t ......... . 
3-6 +- 22-7 +-

17-8 t ... ······. 
12-9 t ......... . 
8-lo+- ........ . 
3-ll+- 22-12+-

17+u t ......... . 
12+1ot ......... . 
8+9 +- ......... . 

3+8 +- 0>+7 t 
t7+6 t ·········· 
13+5 +- ......... . 
8+4 +- ·········· 
3+3 t 22+2 t 

17+1 t ........ . 

1~:!:~:: : :: :: :: :: : 
,~::: t. -~~~~- ~. 

8-I +- 22-2 +-
12-3 + . ········· 
;=i +- ~:=~ t 

u-8 t ......... . 

2-9 +- 16-1o+-
6-u t 20-12t 

':t:~ . ;5+9·:,:. 
5+8 t 20+1 +-

10+6 +- ......... . 
0+5 t 14+4 t 
5+3 +- 19+2 +-
9+1 t 23+0 t 

14-1 +-

4-2 +- 18-3 t 
8-4 t 23-5 +-

13-6 +- ......... . 
3-7 t 18-8 +-
8-9 +- 22-tof 

12-11 t 
3-12+-
7+101' 

12+8 +-
2+7 +- 16+6 t 

6+5 t 21+4 +-
11+3 +- ......... . 
1+2 t 15+1 t 
6+o +- 20- I +-

10-2 t 

0-3 t 15-4 +-
5-5 +- 19-6 t 
9-7 t ·········· o-8 +- 14-9 +-
4-10'f' 18-Ilf 

9-12+- 23+1I+-
13+10+ ......... . 

~t? +- ~~t~ t 
12+5 t ......... . 

3+4 +- 17+3 +-
7+2 t 21+1 t 

12+0 +- ......... . 
2-1 +- 16-2 t 
6-3 t 21-4 +-

11-5 +- ......... . 
J-6 t 15-7 t 
6-8 +- 20-9 +-

10-1ot ......... . 
o--1rt 15-12+-

5+11+- 19+10t 
9+9 t ......... . 
o+8 +- 14+7 +-
4+6 t 19+5 +-
9+4 +- 23+3 t 

13+2 t ......... . 
4+1 +- 18+0 +-
8-I t 22-2 t 

13-3 +- ......... . 
3-4 +- 17-5 1' 
7-6 t 22-7 +-

12-8 +- ......... . 
2-9 t 16-10t 
7-11+- 21-12+-

11+11 t ......... . 

1+101' 16+9 +-
6+8 +- 20+7 t 

10+6 t ·········· 
I +5 +- 15+4 +-
5+3 t 19+2 t 

10+1 <(- •••••••••• 

o+o +- 14-1 1' 
4-2 1' 19-3 +-
9-4 +- 23-5 t 

13-6 t ..... ····· 

8-1 +- 22-2 +-
12-3 +- ......... . 
2-4 t 16-5 t 
7-6 +- 21-7 +-

u-8 +- ......... . 

1-9 t 15-10f 
6-ll<E- 20-12+-

10+11+- ......... . 
0+10t 14+9 t 
4+8 t 19+7 +-

9+6 +- 23+5 t 
13+4 t 

~t~ J_ ~t~ t 
12-1 t 

2-2 t 17-3 +-
7-4 +- 21-5 +­

u -6 t 
1-1 t ·;6:.:s·~· 
6-9 +- 20-1o+-

1~=g+ ·;4+;it" 
5+10.- 19+9 +-

l~t~ + -~~~'..~. 
4+5 +- 18+4 +-

l~tt + . ~~~~- -~. 
3+0 +- 17-1 +-
7-2 +- 21-3 t 

u-4 t ......... . 
2-5 +- 16-6 +-
6-7 +- 20-8 t 

10-9 t ......... . 
1-lo+- 15-JJ<E-

5-12+- 19+u t 
9+tot 23+9 t 

14+8 +- ......... . 
4+7 +- 18+6 t 
s+5 t 22+4 t 

13+3 +- ......... . 
3+2 +- 17+1 t 
7+0 t 21-1 t 

12-2 +- ......... . 
2-3 +- 16-4 +-

6-5 t 20-6 t 
11-7 +- ......... . 
1-8 +- 15-9 +-
5-1ot 19-n t 
9-12t 

0+11+- 14+10.-
4+9 t 18+8 t 
8+7 t 23+6 +-

13+5 +-. ······ ... 
3+4 t 17+3 1' 
7+2 t 22+1 +-

12+0 +-
2-1 +- ·;.s:.:;· :r:-
6--3 t 21-4 +-

11-5 +- ......... . 

1-6 +- 15-7 t 
5-8 t 20-9 +-

10-IO<E- •...•..••. 
0-11+- t4-12t 
4 +u t 18+101' 

9+9 +- 23+8 +-
13+7 t ......... . 
gt: +- !;t~ 1. 

12+2 t ......... . 

2+1 t 16+0 t 
7-1 +- 21-2 +-

11-3 +- ......... . 
1-4 t 15-5 t 
6-6 +- 20-7 +-

4-7 +- 18-8 +- .10-8 +- .. 
8-9 t 22-1ot 0-9 t · ;4:.:;~f. 

13-11+- . . . . . . . . . . 5-ll+- 19-12+-
3-12+- 17+ut 9+u+- 23+10t 
1+101' 2>+9 ;(- 13+9 t 

7+1 +- 20+2 +- ......... . 
9+3 +- 23+4 t ......... . 
':t~ t ·;4+7·~· ......... . 
3+8 +- 16+9 +-

6+10t 19+11 t 
8+12t 21-11+-

JO-lo+- 23-9 +- 15-1 t 
13-8 t ................... . 
2-7 t 15-6 t ......... . 

4-5 +- 17-4 +- ........ .. 
6-3 +- 20-2 t ......... . 
9-1 t 22-0 t ......... . 
u+1 +- ................... . 
0+2 +- 13+3 +-

3+4 t 
5+6 t 
7+8 +-

10+1ot 
l2+12f 

16+5 t 
18+7 +-
20+9 +-
23+ll t 

1-JJ~ 14-1~ 

3-9 +- 17-8 t ......... . 
6-7 t 19-6 t 20-2 t 
8-5 +- 21-4 +- ......... . 

10-3 +- ................... . 

0-2 t 
2-0 t 
4+2 +-
7+4 t 
9+6 +-

13-1 t 
15+1 +-
17+3 +-
20+5 t 
22+7 +-

u+s +- ................... . 
1+9 t 14+10t 
3+11 t 16+12+-
5-11~ 18-10(-
8-9 t 21-8 t 

10-7 t 23-6 +-
12-5 +- ................... . 
1-4 +- 15-3 t ......... . 
4-2 t 17-1 t 2-3 +-
6-o +- 19+1 +- ......... . 

8+2 +- 22+3 t ......... . 
n+4 t · ·· ................ . 
o+s t 13+6 +- ......... . 
2+7 +- 15+8 +-
5+9 t 18+1ot 

7+11t 
9-ll+-

':=~ t 
3-6 +-

5-4 +- 19-3 t 
8-2 t 21-1 t 

10-0 +- 23+1 +-
12+2 +- . . . . . . . . . . 7-4 +-
2+3 t 15+4 t ......... . 

4+5 t 17+6 +- : ......... . 
6+7 +- 19+8 +- J· ........ . 
9+9 t 22+10t ,• ........ . 

11+u t .......... 1 ......... . 
0+12+- 13-11+-, ........ . 

2-lo+- 16-9 t ......... . 
5-8 t 18-7 t ......... . 
7-6 +- 20-5 +- ......... . 
9-4 +- 23-3 t I ......... . 

12-2 t .......... ! •...•.•... 

1-1 t 
3+1 +-
6+3 t 
8+5 t 

10+7 +-

14-0 +-
16+2 +-
19+4 t 
21+6 +-
23+8 +-

'~t~o+ ·;5:;;;:,:· :::::::::: 
4+12+.. 17-11+- .....•.... 

~=~°t ~=~ + 1:::::::::: 
n-6 +- .................. . 
0-5 +- 13-4 +- ........ . 
3-3 t 16-2 t ......... . 
5-1 t 18-0 +- ......... . 
1+1 +- 20+2 +- I· ........ . 
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TABLE ·l'2.-C'u111po11c11t lw111·" d ·ri1·ed from solar /1011rH-Conti1111ell. 

Do_"?' I J K . r. i ::----I 
5.".~'.~":f----1·-i 

II 81 I 15+4 t .......... 21·-·7 t 15+6 +-
82 .. 17+5 t 1.......... .. .. .. .. .. 20+5 t 
83 I 18+6 +- ............................. . 
h4 I 20+7 t 179-6 +- 13--8 +- I 2'!-4 +-
ii5. 21+8+- ..................... 7.,.3 t 

8(, I 23+9 +- .................... 13+2 +-
871.... .... .. .......... 4-9 t 18+1 t 
RR 1+rnt ............................. . 
89 2-+-11+- .......... 20-10-E- o+o +-
90 4t-I2tl. ................... 5-11' 

91 ~-Jit 11 .................... Il-2 <f-
92 1-IO<E- .......... 12-II+- 17-3 <f-
93 9-9 t .................... 22-·4 t 
94 I0-8 +-
95 I 12-7 +- .......... 3-12t .. 4:_:5·~· 

I 
¢ I 14 6 t .................. · · 9 -6 t 
971 15-5 +- .......... 19+11+- 15-7 +-
y8 17-4 t .. .. .. .. .. .. .. .. . . .. 20-8 t 
99 18-3 +- 23+7 t .................. .. 

100 20--2 +- 10+10t 2-9 +-

IOI 
!02 
103 
104' ::1 
!07 
1o8 
109 
JIO 

Ill 
112 
ll3 
114 
115 

4+3 +- .................. .. 
6+4 t ................. .. 
7+5 +- .. .... . .. 9+7 t 
9+6 +- 1 .................. .. 

5+1ot 
11+9 +-
16+8 t 
22+7 +-

12+8 +- .......... 1+6 +- 3+6 t 

II+7 t 1 ......... · 

14+9 t .......... 9+5 t 
16+rnt .......... 17+5 +- 15+4 +-
17+11+- I • •• .. • .... 20+3 t 
19+12t 4+8 t ................... . 

20-Il+- .... .... .. 8+4 t 2+2 +-
22-10+- .......... .......... 7+1 t 

II6 
117 
II8 
119 
120 

.. ~:.:9·:,:· :::::::::: .. ~+3·~· :~:::~ t' I 
121 
122 
123 
124 
125 

;;; ; :::;:::::: :;~~~>r~~~·;· 
8 -4 t .. .. ....... 7+1 t 16-5 t 
6-5 +- ................... ·1 11-4 +-

9·-3 +-" ......... I .......... 22-6 +-

126 
127 
128 
129 
130 

JI--2 <E-
13-1 t 
14-0 +-
16+ 1 t 
18+2 t 

.................... 3-7 t 

.................... 9--8 +-

.......... 23+0 +- · .......... 

1 

14- I t 14 -9 t 
9+9 +- · .... · · ·.. 20- lo+-

131 
132 

133 
134 
135 

21+4 t 1 .......... 6-2+- 2--11+-19+3 +- .................... ·1· ........ ·1 

-~~:::.~.::::-.:::::: ·;;:.:3·~ ,~+:~!. 
o+6 +- .................... 18+wt 

i I 
136 2+7 t 
137 3+8 +- :::::::::: ·;3:.:4-:,:-1 .. ~+9 +-
138 5+9 t .. ... .. .. . .. .... .. .. 5+8 t 

:~~ ~t:':!: .......... ··5:.:5·~·1 :~tl t 
141 10+12t ................... ·I 22+5 +-
142 II-ll<E- ....... , .. 20-6 'f' ........ . 
'43 13-wt .................... 

1 

3+4 t 
144 15-9 t .. .. .. .. .. .. .. .. . .. . 9+3 +-
145 16-8 +- 14+1o+- 12-7 t . 14+2 t ' 

146 18-7 t ................... ·j 20+, +- I 
147 I 19-6 +- .. .. .. .. .. .. . . .. .. . .. ...... .. 
148 21 -5 +- .......... 1 4-8 +- 1-f·O t I 
~~~ 23-4 t : : : : : : : : : : .. ;;, :.:9. t · 1,; ::- ~ t 1' 

151 0-3 +- ................ '"! 18-3 +-

m ~=i 1 :::::::::: :'.'.~;~r~~fr-1 
155 7+1 t .................... 1 11-6 +-

156 
157 
158 
159 
16o 

8+2 +-
10+3 +-
12+4 t 
13+5 +-
15+6 t 

2-11t 16-7 t 
.................... 22-8 +-
. .. .. ..... 18-121' .......... 
.................... 3-9 t 
20+11t .......... 9-1o+-

i 

18+0 t 
13-1 t 
9-2 +-
4-3 +-

18-5 t 
14-6 +-
9-7 +-
4-8 +-

18-wt 
14-11+-

9-12+-
4 +11 t 

19+9 +-
14+8 +-
9+7 t 

o+o +-
14-2 t 
9-3 t 
5--4 +­
o - 5 +-

I~=~ + ::: :: :: :: :1 
5-9 +- ·1 
,~=:~;:- :'.9~'.'.!: 
IO-f-II+- .......... 1 

5+1o+- .......... 

1 
,~t~ !. . '.~~~. ~. 
w+6 +-

5+5 +-
0+4 t 

15+2 +­
rn+I +-
5+0 t 

15--8 +-
10---9 t 
5-10t 
I--1 I<E-

15+11 t 

w+1ot 
6+9 +­
H·8 +-

15+6 t 
w+5 t 

6+4 +-
1+3 +-

15+1 t 
II +o <-
6-1 +-

1-2 t 
15-4 t 
11-5 +-
6-6 +­
I-.7 'f' 

-~~~~-~-I 
. . . . . . . . . . ! 

. ;~:.:7·~·1 

.......... 1 

. . . . . . . . . I 
•••••••••• 1 

20- 12+-

20+7 +-

20+2 t 

20-3 t 

20-8 t 

2N 

6 t-o +-
10-2 t 
1-3 +-
5-5 t 

l0-·7 +-

0··-8 t 
5-1o+-
9-12t 

t4+10+-

. ;,;,:~6· t 
21+4 +-

16+ 1 +-

20-1 t 

15-4 +-
20-6 <(-

14-9 t 
19- I I<E-

23+ 11 t 

4+9 +- 18+8 t 

5+6 +-
9+4 t 

14+2 +-
4+1 +-
8-I 'f' 

7-tH-
11+11'f' 
2+1~ 
6+8 t 

11 +6 +-

19+5 +-
23+3 t 

·;s+~·:r:. 
23-2 +-

17--5 t 
22-7 +-

i6+9 +- I 
20+7 t I 

.......... \ 
1-1-5 t 15-1-4 t 
6+3 +- 20+2 +-

10+ 1 t 
o+o t 15-1 +-
5-2 +- 19-3 t 

9-4 t .......... ·1 
0···5 +- 14-·6 +-
4--7 t 18-8 t 
9·-9 +- 23-I0+-

13-11 t 

.'1-121' 
8+1o+-

12+8 t 
3+7 +-
7+5 t 

12 1·3 (-
2 -~-2 <E-
6-t-o t 

II ·2 <E­
l · 3 t 

6-5 +-
10-7 t 
o-8 t 
5- ·IO<E-

9 ··12t 

0+11+-

4+9 t 
9+7 +-

13+5 t 
3+4 t 

8+2 +-
12+0 t 
3-1 +-
7--3 t 

12-5 +-

I 

18+11+- I 
22+9 t 

17+(1 <(-

21 +4 t I 
I 

J6+J t I 

21 - I <(- i 

. ;.s::4· t ., 
20-6 <(- ! 

·;5:.:9·~·1· 

. '.9:-:1'.!" 

14+1o+-
18+8 t 
23+6 +-

18+3 +-

22+1 t 

.~'.:-:~. ~. 
17-2 +-I 

0 

:i+8 t 18+7 +-
8+6 +- 22+5 t 

12+4 t 
2-1-3 t 17+2 +-
7+1 +- 21+0+-

II- I t 
I-2 t 16-3+-
6 -4 <(- 20-5 +­

!0···6 t 
0-7 t 15-8 +-

5-9 <(- 19--10+- i 

,j:;:::+ -~3:~'.~~-1 
4+10+- 18+9 +-
8+8 t 22+7 t 

12+6 t 
3+5 +- 17+4 +­
-+:; t 21+2 t 

1~+·1 t 
2+0 +- 16-1 <(-

6·-2 +- 20--3 t 
w-4 t 
1-s +- 1s-6 <E-
5-7 +- ,9. ·8 t 
9--9 t 
0-1~ 

4-12+­
H+wt 

1:1+8 +-
3+7 +- ·;7+5·:,:· 
7+5 t 21+4 t 

12+3 +-
2+2 +- 16+1 <(-

6+0 t 20-1 t 
II- 2 <(-

1-3 +-
5--5 t 

JO -7 <(-

0-8 +-
4-·IOt 

8-12t 
13+w+-
3+9 t 
7+7 t 

12+5 +-

2+4 t 
6+2 t 

l1 +o +-
1-1 <(-

5-3 t 
10-s +-

15--4 +-
19-6 t 

14--9 +-
18--11 t 

17+8 t 
22+6 +-

16+3 t 
21+1 +-
. ;;:.:;· t. 
20-4 +-

o·-6 +- 14--7 1' 
4 ·-·8 t 19·-9 +-
9-- IO<(- 23-II<E­

IJ·-12t 

3+11 t 
8+9 +-

12+7 t 
2+6 t 
7+4 +-

Jt-f-2 t 
1+1 t 
6- ·I <(­

IO - 3 <(-

0-4 t 

5-6 +-
9--8 +­
q- rnt 
~-11t 
8+11+-

l2-l-9 t 
2+8 t 
7+6 +-

11+4 t 
1+3 t 

6+1 +­
IO-I t 
0-2 t 
5-4 +-
9-6 t 

17-l·IOt 
22+8 +-

. ;6:1:5· t. 
21 ;-3 +-

. ;;;:i:~· t' 
20-·2 +-

14 -5 t 

18-12<E-

22+wt 

17+7 +-
21 +5 t 
16+2 +-

20+0 +-

00 I' 

10+:i t 
12·1·5 t 

I +6 <(-

3+8 +-
6+wt 

8+ 12+-
11- zot 
0-9 t 
2·-7 +-
4-5 +-

7- 3 t 
9·-1 +-

11+1 "(-

~t~ t 
5+6 +-
8+8 t 

IO-f· IOt 
12+12<E-
I-II<(-

4·-9 t 
6-7 +-
8-5 +­

II··-3 'f' 
0-2 t 
2--0 <E-
5+2 t 
7+4 t 
9+6 +-

12+8 t 

1+9 t 
3+11+-
5-Il<E-
8-9 t 

J0·-7 +-

12--5 +-
2--4 t 
4---2 t 
6·-o +-
9+2 t 

11+4 t 
o+5 +-
2+7 +-
5-l-9 t 
7+ 11+.. 

9- I I+-
12-9 t 
1-8 t 
3--6 +-
6-4 t 
8-2 t 

10-0 +-
13+2 t 
2+3 t 
4+5 +-

6+7 +-
9+9 t 

11+11+-
0+12<(-
3···Iot 

5-8 t 
7-·6 +­

IO- 4 t 
12-2 +-
1- I <(-

4+t t 
6+3 t 
s+5 +­

u+7 1' 
o+8 t 

2+1o+-
4+12+-
7-101' 
9-8 +­

II-6 +-

1-5 t 3-3 t 
5-1 +-
8+1 t 

10+3 t 

14 +i +-
17+9 t 1;-6 t I 
19+11t ......... . 

21-11+- .......... I · i~~rr ::::: :-.: :/ 
20-2 t ......... ·i 
22-0 <E- l 

14+3 t :::::::>1 
16+5 +- ......... ·1 
18+7 +-
21 +9 t 
23+II+-

.......... 23-7 +-
15- 10t 

17-8 t 
19-6 +-
22-4 t 

13-1 +-

1s+1 +-
18+3 t 
20+5 +-
22+7 +-

4·-8 +-

·;5:.:3·:,:l:::::::::, 
17-1 +- ......... . 1 

19+1 +- .......... I' 

.~~~~-~- :::::::::: 
:~t~ t ::::::::::1 
18+10t ......... . 
20+124f- ......... . 

23-101' , ...... . 

·;4:.::,·~·i::::::::::I 
:~=~ t .. 9:~9·:,:·1 
21--1 <(- •••••• ···! 
23+1 +- • 
. ;5+4't .......... . 
17+6 +- ........ .. 

20+8 t 
:22+1ot 

1,3-- I I<E- ....... , , . 

16-9 t .......... . 

18-7 +-I ......... 
1 

20-5 +- ......... . 
23-3 t ......... .. 

. ;4: :~· ~. ~· ;4:~;~:,: ·I 
17+2 t I ·· ..... .. 
19+4 +- ......... .. 

.~'.~~-~.1:::::::::: 
13+9 t ......... . 

15+11+-
18-11 t 
20-9 t 
22-7 +-

:~=~!.I::::::::: 
18--0 +- ........ . 
21+2 t ........ . 
23+4 +- 20-11+-

---------------------------··---·--·---------·---·- .~~----~-
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TA111,1•: 4~.-C'v111po11c11t lw11r• 1fori1·nl jl'IJlll ~o/al' /10111·.,-Continnocl. 

s~~~s.!. J I K I L >I ~ -----,~-----i-----o 

-: i~; ~1' 10+11: ~~--111' 1-:-9 +- ... I_~~~~ 16-;--:;:-1~~~8 ;_ 

-1 ~-__:o _J ·~ I 
162

1

18-t-8 <- ..... .. .. . .. ....... 20--12<- 11---IO<- . , .. .. . 7-8 +- 21 9 <- 4-9 <-

~g~ 1'~tio1. ::::::::::1.··;+;~t 'i~:;it" ~=-!~+ ;;4~1;~· t~=:~t "i6~i;~·11~+!!t 
165. 23+ll<- ............ ~...... ;-1-10<-' 16-l-1o+- .......... 6-1-ll<- w+101' I 3+1o+-

;~::::~f Ii±~ f :~:t'fl: ... :::::11 
6+10+- 19-f·Il+- :.:·::::::: 

Ii-r 9 +- S-f-I2iE- :?2- I It I_ 

:~, .. ;+;;:,:·,I::::::::: :l.'.'.~9.~. :~t~ 1- 1~1 -+t~19 t :;:,:+:6::~), '~t~ 1- ·;5:1:7«.:..·1,it~ t 
168 2-11<- .................... 23+7 t t - ~ 5+6 t 19+5 t 2+5 <-
I~ 4-10t , .......... 1 9+8 <- .......... 16+5 <- ... """I 10+4 <- .... ...... 6+3 t 
1,0 6-9 t .................... s-t-6 <- 11+4 t . .. .. .. .. o+ 3 +- q-1-2 t . 10+1 t 

21+7 t 
. ;6:~.;·;.·1 
20+2 t ! 

i 
'7' 7--8-- .......... ,· .......... 10+5 t 6+_, t .1 4+1 t 19+0--I 
172 9--7 t .......... 0+7 t 16·f-4 t 2 j-2 <- 2H-I <-I 9-1 <- 2.)--2 t 
173 10-6 <- .......... : .......... 22+3 <- 16+0 l .......... i3---3 t ..... " .. . 
174 12-5<- ......... 116+6<-; ..... _. .... 11-1 4 - 4 +- 18-s<-/ 
175 14--4 t . .. .. .. . .. .. .. .... .. 3•-2 t 6-2 8-·6 t 22-7 t 

176 15-3 -- , l-t-z2t . .. .. .. .. . 9+ l ·- 2--... __ 21-4 +- 13 8 __ ......... 

1 
177' 17-2 t ........ ·I 7+5 t 14+0 t , 16--s t .:1-9 +- 17-101' 
178 18~· I <f- , .....•.... 1 .......... 20-1 ~ 11 --fl t 7-11t 22-12-(-
179 20--0 <- ........... 23+4 t .......... 7-7 +- ......... 12+JI<- .......... , 

1+0 +- lCj--1 +­
.)· ·2 <- 19-3 t 
9-4 t ..... 
0- -5 +- 14-6 +-
4-7 <- 18-8 t 

8-9 t 22-101' 
13· -II~ ... 
J···-12+- Ji+ll t 
7+1ot 21+9 t I 

12-t-8 +- .......... I 

11 -10t 
0 9 t 
2 7 <-
5 - 5 t 
1·--3 t 
9· - I <E-

12+ 1 t 
I -l-2 t 
3-1-4 +-
5+6 ~ 

8+'> t 
10+10-t-
12-~-l2<f-

2-Ilt 
4-9 t 

1.:1--8 +­
I'i--6 +-
I~ 4 t i· 
20-2+- ... _ .. _·.·_· __ ··.1 
22--0 <- ! .. . 

:frii I .. :::::::1 

:::: ~ ·::.·:~J 
23 +-II+-

!So 22+1 t !'""""'!""""" 1-2 t 2 -8 +- 21-9 t 2+10t 16+9 t I 

:~; .~~:~.~-1:::::::::.1·;5+3·~- ,~:=i r :~=:~t ::::::::: ,;t~ r -~':1:'. ~./ 1~1 ~A3 t ~~-:~ r ... _._-._·._·:_:_:_:_:_:./ 
183 1+3 t /""' ............... 18-5 <- 7--12<- ... .. .. .. .1+5 t 16+4 <- ! . t 
l&j 3+4 t .................... 23-6 t 2·HI<- 21+10t 6+3 +- 20+2 t I 0-2 <- 13-1 <- .......... ·, 

:::::J 
::.::::::1 

2+7 +- 16+6 t I 
6-f._5 t 20+4 t 

11+3 +- .......... , 
I-f·2 <- 15+1 +-
5-\-0 t 19- l t 185 4+5 <- .......... 1 6+2 t ......... 16+9 t 10+1 t .......... 2--0 <- 16+1 t ' ........ .. 

186 6+6 1' , .................... 5-7 <- 12+8 <- 1+0 +- 15-1 +- i 10--2 +- 5J-2 t 18+3 1' , .......... 1 
187 7+7 <- .......... 122+1 +- 10-8 t 7+7 +- ......... · 5 --2 t 19-,1 t . 0-3 +- 14-4 <- 7+4 <- 20-J-5 +- ........ .. 
188 9+8 .-

1

.. ...... .. .. .. . .. .. 16-9 ._ 2+6 t 21 +s t 10-4 ,_ .
1
.
4
. :..:

6 
.. :.: .

1

;. 4
9

=s
7 1 18--6 t 9+6 +- 23+7 t I 

!89 11+9 t ................... 21-IOt 17+4 <- 0-5 <°'- I ~ 23-8 <- 12-f-8 t .......... 1:::::::::. 
190 12-j-Io+- .......... 114-J-o <'- .......... 12+3 <'- .......... 4·--7 t 19-8 +-, 13-9 <'- 1+9 t 14+10<'- .. , ........ ' 

191 14+llt · 6-ll+- ... ..... 3-n<-
2
;++2

1 
t .

2 
.. ,:t-.

0 
... ..:·1 9-·9 <- 23-1ot ,. 3--1ot 17-ut 3+11<- 16+12+-/ 6+11t I 

192 16+12t l .......... i ......... 9-12+.. t I 13--Ilt .......... 7-12t »+!!+- 6
8

:::
9
llt 

2
19

1
=

8
101_ ··.·.·.·.·.·.·.·.·.·.1 

193. 17-Il<- .......... , 5-1 t l4+11t 17-1 ,_ .......... _ 4--12.- 18+11+- 121-10.- .......... t ~I 

:~~ ~~-:~ot ,:::·::::::,·;;:_:;·~ 20+10+- ';~~ t ::::::::::I ,it~ot. 22+9 t ~t~ t ~~t~ t :~:::~ t _23~~.~-l::::::::::I 
196 22-8 ~ !"""""•"""'"' 1+9 t 2-4 t 22--5 <- i 3·J-7 <- 17+6 t ll·i-.<; <- .......... 2--4 t 15--3 t ...... .. 

:~~ .. ~:..:1·:i:· :::::::::J;;:..:;-:,:·1,~t~ ;:- :~=~ t :::::: :::1 ,Hit -~~:~·:-I ~t~ + ~~t1 t i--~:: ~~+:Ti::::::::.:~ 
~&; ~=~ r ::::::::::!;::::::::::! i~t~ r ~=~ +- ·;;:..:;~~· 7+o +- 21-1 t 

1 ~:1.:~ := ·;.;:..:;·:i:· ,;t: t -~~~~ .... !::::::::::; 
201 / 5-4 t .......... 4-4 t /""' .... ·i 17-11+- !I -2 t ........ "/ 4-3 t 19-"4 +- 0+5 +- 14+6 t I ........ 

1 

202 ' 6-3 <- .. .... .... .. ...... .. 5+4 ~ ' 12-12t . .. . .. .. .. 2--3 <- 16--4 +- 9-5 <- 23-6 <- 3+7 t 16+8 t ......... . 
203 I s-2 t .......... 20-s ,_ 10+3 t I 1+"t .......... 

1

. 6-5 t 20-6 t l-.~=81 t .
1
.
8
. :..:

9 
.. .:_-- s+9 .- 18+10.- .......... i 

204 9-1 <- ......... ·i" ........ J 16+2 <- . 3+1o+- 22+9 <- I 1,:::18 ~ · ,·5:_:9":..: ·1 ' t ~ 7+11<- 21 +12t I" ....... ' 
205 I lJ-o <- .................... j 21+1 t 

1

17+8 t .......... ~ 1 8-10+- 22-!!<'- 10-!!t 23- lot .......... j 

200 I 13+1 t 11-rn+-/ !!-6 t I""'" ... ; 12+7 t .......... / 5--101' 20-11+.. 12 --12t .. 12-9 <- .......... l 11+1ot 
207 14+2 ~ ...... , ... """"" 3-1-0 <-I 8+6 <- .......... 10-12+- .......... 2J-1It ·;6+;~t 1--8 <- 14 --7 <- """"" 

~~I:~!~ t ::::::::::, .. 3:..:7·~·'11~-~ l I 1;t~ t -~~~~.~./ ~~~ 1 1- :~!~0!. ,I,~+-967 t . 21. 5'.~1: 5
8 -~t .. i:::~ t :~:::~ !.. ::·::::·:: 

210 19+5 <- ................... 19-3 t : 12+2 t ......... " 9+7 t 23+6 t t 8-2 <- 21--1 <- ....... .. 

211 / 21+6 t ...... , ... 19-8 <- ;! .......... : 8+1 +- .......... 14+5 <- 6+4 +- 20+3 <- 'o'-;:o, t ·,3"+'2"'t"1·-·.·.·.·.·.·.·.·.··1· 
212 22+7 ._ .......... 

1

....... ... 1---4 .-

1 

3+0 +- 22--1 t 4+4 -- 18+3 t 10+2 ._ .. ........ , t _ 
213 '. .. , .......................... 1--5 <- 17-2 t ......... 8+2 t 23+1 +- 0+1 t 14+0 t 2+3 <- 15+4 <- ........ .. 
2141 o+8 <- .......... 10-9 t 12-6 t 13-3 <- .......... 13+<> <- 5-1 +- 19--2 +- ~+5 <- 18+6 t 

1 
......... . 

215 2+9 t """""/""""'" 18-7 <-I 8-4 <°'- • "'"" 3 l t 17-2 t 9--3 +- 23---4 t 1-1-7 t 20-l-8 t '""""" 

216 3+10<- ......... '\"""""' 23-8 t I 3 --s t 22-6 t I 8--3 <- 22--4 +- 13-5 t 9-1-9 <- 22+10.-1 .......... ) 

~:~ 1 ~t:~t ::::::::::
1 

.. ~~'.~. 1 ... _5:..:9·~·,, :~=§:: :::::::::· ,~·~g + 17--7 +- ~=~:: ~~=~ r ':t:;r · 1;46·~9;;.fl·:· .. _:_:.:_:: __ ·:_.:_
1 

219 8-ll<- .......... 17-nt 10-101' 8-9 <- ........ 7-8 <- 21 --9 t 12-1ot .......... 3·-101' ~ 
220 lo-10t , .......... """""; 16--J!<- 3-·IOt 22-llt 1I--10t 2-111' 17·-12<°- 5---8 <- 18-7 +.. ......... , 

221 11-9 ._ 17-9 t ........ 

1

21--12t . 18-12<- 2 --JI+- 16--12+- 7+11+.. 21+10t 8--6 t 21---5 ti 11+9 +-I 
222 13-8 t .......... 9-12t .......... !.:\·/.JI<'- 6+nt 20-l-JOt 11

1
+-t-

8
9 t -

1
.
6
.+ .. 

7
"_;_'' 10-4 t 2,1-3 <- /""'""'i 

223 i5-7 t .................. ·. 3+u<- 83++9rnt ·2·3· +"s" _;_- II +9 <- ......... " t ~ 12--2 <- ........ "I" ....... " 
224 16-6 +- .................. "I 8+10t - t ~ I +8 <- 15+7 t 6+6 +- 20+5 t 1-1 <- IS --0 t ., ......... ·1 
225 18-5 t .......... 1+11+- 14+9 <- 18+7 +- .......... 5+6 t 20+5 +- 10+4 t 4+1 t 17+2 t ......... -. 

226 19 ---4 ,_ ..................... 19+8 t 1:1+6 1 .......... 

1

10+4 +- 0+3 t 15+2 +- 6+3 +- '9-i-4 +-
1 
.......... I 

221 21-3 <- .......... , 16+10t , .......... 8+s + 0+3 t 14+2 t s+1 +- 19+0 <- 8+5 <- .~~-"~-~-<:·::.::::! 
~~ ~~::~-~.::::::::::::::::::::! ~tlt'/,~t~+- 2

3+
3

+- ~::::;,- ;~:::~r l~=~t-~3 -::~-~- l~Ut 13+9.-
230 0-1 ,_ .......... • 8+9 ,__ 12+5 +- 13 +1 t 14-- 3 +- 4-4 +- 1s-s +- 2+1o<- 15-1-u.- .......... 

1 
231 . 2-0 t ................... 17+4 t I 8-1 o t 4 4 +- 18-5 t 8--6 t 22-7 t 5+12t 18 -11t . . 
23214-1 t ................... -,23+3t. 4-1+.. 23-2+- 9-6<- 23--7<- 13--8<- .......... 7-rnt 20-9+.. ...... ::::1 
233 5-1-2 <- .. .. .... .. O-l-8 <- 'I ...... · .. ·' IJ.,~~:43 t .· ...... · ... · .·.· .· 13-R t 3-9 <'- 17- IO~ 9-8 <- 22-7 <- .. "" · .. ·1 
234' 7+3 t .................... 5-1-2 <- ,, t 3-9 t 18--10~ 7-rrt 2r-r2t J 12-6 t .................. .. 
235 8+4 <- .......... 15+7 t 10+1 t 9-5 +- 8--Il<- 22-12t 11+11t ....... 1-5 t 14-4 t ..... ""'i 

; ·~I w+, ~ ,,_, t ........ •Ho~ H ~ •o-> ~ •Hut •+>~ .o+o ~ o-; ~ •H ~ "'"~I 

I 
m 1 :~Hf :::::::::: 1i>~~:~: -~~=~-:- 1 :~:=tr ......... ,nrr _~i~~-Y. 1H~ r -::~-:- ,~Hr .~.:_1 t.-_~ .. +-.+ __ ,

1

_:.:_:_:._:_:_:.:.:._: 
. 240 17+9 t .......... 22+5 t 8--3 t 4-11<- 23--12t ~+5 +- 16+4 t 5+3 +- 19+2 t 12+·5 +-

; ___ I_ _ __________ i --------'--------'!--
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TABLE 42.-0omponent hours derived from ·solar hours-Continued. 

251 
252 
253 
254 
255 

256 I 257 
258 

~ 

J K r. M 

I8+I<>+- . . . . . .. . . . . . . . . . . 14-4 +-
20+II t .......... ••••·····• 19-5 t 
21+12+- .......... I4+4 t ......... . 
23-11+- . .. .. .. •. . . .. .. .. .. . 1-6 +-

.•........ ·······•·· ......... 6-7 t 
6+3 +- 12-8 +­

I7-9 t :::::::::: ·;;+;·:i:· 23-Io+-

:::::::::: :::::::::: ··4:.:;;:r:· 

N 

18+II t ......... . 
14+1<>+- ......... . 
9+§ +- .•..•..... 

1it6 + -~~:.~ 
I4+5 +- ......... . 
9+4 +- .........• 
4+3 t 23+2 t 

19+1 +- .•... ····· 
14+0 +- ......... . 

2N 

6+3 t 2I+2 +-
u+1 +- ......... . 
1+0 t I5-I t 
6-2 +- 20-3 +-

10-4 t ·········· 

0-5 t 15-6 +-
5-7 +- I9-8 t 
9-9 t 
0-IOE- 14-11+-
4-12t I8+II t 

9-5 t .......... 13+1 +- 10-12-E- 9-1 t . .. .. .. .. . 9+10+- 23+9 +-
4-2 t .......... 13+8 t l0-4 +- 3-7 +-

12-3 +-
14-2 t ·········· 
15-1 +- .......... 
I7-0 t ·········· 18+1 +- .......... 
20+2 +- .......... 
22+3 t .......... 
23+4 +- ·········· 

.......... 

.......... 
5+0 +-

·········· 
20-1 t .......... .......... 
12-2 +-.......... 

I6+11+-
21+101' 

3+9 +-

8+8 t 
14:+-7 +-
19+6 t 

1+5 +-

0-3 +- I9-4 +- 3+7 t 18+6 +-
14-5 +- . . . . . . . . . 8+5 +- 22+4 t 
9-6 t .......... 12+3 t 

4-1 t .........• I 3+• +- 11+1 +­
o-8 +- 19-9 +- I 1+0 t 21-1 t 

I4-1o"f' . . . . . . . . . . 12-2 +- .. ; ...... . 

5-12+- • . . .. .. .. . 6-5 t 21-6 +-
9-11t ......... ·1 2-3 +- Io-4 t 

0+11+- 19+10t 11-7 +- ........ . 
14+9 t ......... ·; 1-8 t 15-9 t I 
9+8 t ........... 6-lo+- 20-11+-
5+7 +- .......... 10-I2t 

6+4 t . -~fr f ........... ·3:.:3· t. :;t~ t 
4+7 +- :::::::::: ·;9:.:4·:i:· 23+1 +-
6+8 t .......... ·········· .........• o+6 +- 19+5 1' 0+111' 15+10+-

7+9 +-
9+1<>+­

II +u t 
I2+12+­
I4-11t 

16-Iot 
I7-9 +­
I9-8 'f' 
20-7 +-
22-6 +-

0-5 t 
I-4 +-
3-3 t 
5-2 t 
6-I +-
8-o t 
9+1 +­

u+2 +­
I3+3 t 

·········• ·········· 4+0 t I4+4 t ......... . 
10+3 +- ......... . 
5+2 +- . .. .. . . . 

·0+1 t 19+0 t 
15-1 +- ·•···•···· 

8-6 +- lI-5 +- 10-1 +-
· • • • • • • · • • .......... 15-2 t 
.......... ··;:.:6·:r:· 21-3 +-

· • · · · • · . · • • · · · .. ·.. 2-4 t I0-2 +- ......... . 
. . . . . . . . . . 18-7 +- 8-5 +- 5-3 +- .........• 
.......... ,. . . . . . . . . . 14-6 +- 0-4 t 19-5 t 
. . . . . . . . . . . . . . . . . . . . 19-7 t 15-6 +- ......... . 
. . . . . • . . . . I0-8 +- . . . . . . . . . . 10-7 +- ......... . 

·········• ······•••• 1-8 +-
0
5=

9
8 t .

20 
.. :.:.

1
·:...:,_:_· 

.....•...• ! ..••..•.•• · 6-9 t t ~ ......... ·I I-9 t 12- Io+- 15-II+- ......... . 

......... •i· ......... I7-ll t 10-12t ......... . 

. .. .. .. .. ·\ 17-1<>+- 23-12+- 5+IIt ......... . 

. .. .• •. .• . . •• •• •• •. . . •• •. •• •• • 1 0+10t 20+9 +-
I3-5 +- • •••• •• •.. 4+11t 15+8 +- • •• • •· .. . 

. .. .. .. .. . 8-11t 10+I<>+- 10+7 t ......... . 

. . . . . . . . . . . . . . . . . . . . I5+9 t., 5+6 t ......... . 

.................... 21+8 +- 1+5 +- 20+4 +-

14+4 +- . .. .. . . . . . o-I2t .......... 15+3 t ......... . 
16+5 t . . . . . . . . . . . . . . . . . . . . 2+7 t I 10+2 t ......... . 
I8+6 t .......... 16+11+- 8+6 +- 6+1 +- ......... . 
I9+7 +- .................. 13+5 t 1+0 +- 20-1 +-
21+8 t ................... I9+4 +- I5-2 t ·········. 

22+9 +- . .. .. .. .. . ;+101' .......... : I0-3 t ......... . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0+3 t I 6-4 +- ......... . 

0+1<>+- .......... 23+9 +- 6+2 t 1-5 +- 20-6 t 

3+12+- . . . . . . . . . . . . . . . . . . . . 17+0 t IJ-8 +- ......... . 

5+9 +- I9+8 t 
10+7 +- ......... . 
o+6 +- I4+5 t 
4+4 t 19+3 +-
9+2 +- 23+1 t 

13+0 t ·········· 4-I +- I8-2 +-
8-3 t 22-4 t 

13-5 +- ......... . 
3-6 +- 17-7 t 

7-8 t 22-9 +-
12-I<>E- . , , ...... , 
2-11 t I6-I2t 
7+ll+- 2I+Io+-

u+9 t · · · · · ·· · · · 

1+8 t I6+7 +-
6+6 +- 20+5 t 

10+4 t ·········· 
I+3 +- I5+2 +-
5+1 t 19+0 t 

IO-I +- ..... , , ,, , 
0-2 +- 14-3 t 
4-4 t I9-5 +- 1' 

9-6 +- 23-7 t . 
13-8 t 

4-9 +- I8-Io+-
8-11 t 22-12t 

13+II+- ......... . 
3+1<>+- 17+9 t 
7+8 t 22+7 +-

0 

9+·1 t •••••••••• 
o+o +- 14-"1 +-
4-2 +- I8-3 t 
8-4 t 23-5 +-

13-6 +- ......... . 

3-7 +- 17-8 t 
7-9 t 21-IOt 
12-11~ ·········· 
2-12+- 16+II t 
6+1ot 20+9 t 

11+8 +- ......... . 
1+7 +- 15+6 t 
5+5 t 19+4 t 

10+3 +- ........ . 
0+2 +- I4+1 +-

4+0 t 18-1 t 
9-2 +- 23-3 ~ 

13-4 +- ......... . 
3-5 t 17-6 t 
8-7 +- 22-8 +-

I2-9 +- ......... . 
2-101' 16-ut 
6-12t 21 +n+-

11+1o-E- ......... . 
I+9 t 15+8 t 

5+7 t 20+6 +-
10+5 +- ......... . 
0+4 t 14+3 t 
4+2 t 19+1 +-
9+0 +- 23-1 +-

I~=~ t . ;g:.:4· ~.:: 
8-5 +- 22-6 ~ 

l~=~ t . ;6:.:9· t. 
7-1o+- 21-II+-

l::;:::+ · ;5+;~:i: · 
6+9 +- 20+8 +-

10+7 t ......... . 

o+6 1' 14+5 t 
5+4 +- 19+3 +-
9+2 +- 23+1 t 

13+0 t . ········. 
4-1 +- 18-2 +-

8-3 +- 22-4 t 
I2-5 t ......... . 
3-6 +- I7-7 +-
7-8 +- 21-9 t 

II- mt • • • · · · • • • • 
I-lit 16-12+-
6+II+- 20+101' 

10+9 t 
o+8 t 15+7 +-
5+6 +- I9+5 t 

2+II t .. · • .. • ·. . . . . . . . . . . 12+1 +- I 15-7 t • • • • • • • • • · 

5-IIt .......... 15+8 +- 23-I +-. 6-9 +- ......... . 
6-lo+- Ig-4 'f' ·••··•••·• .......... [, 1-IOt 20-IIt 

12+6 +- .......... I 9+4 t 23+3 t 
>+5 t 16+4 t 114+2 +- ........ . 

8--9 +- . . . . . . . . . . . . . . . . . . . . 4-2 t i 15-12t ......... . 
I0-8 t 6+7 'f' 10-3 +- • II +II+- • ...... • •. 
ll-7 +- .................... 15-4 t II 6+1<>+- ........ " 

~~~ :~=~ + ::::::::::-~~~~-~--~I:-:~.~-; I~t~ t .~~~-~-
303 16-4 +- .......... , ........... 2-6 t 1· II+6 +- ......... . 
304 I8-3 t ......... ·! 13+5 t 8-7 +- 6+5 t ......... . 
305 19-2 +- .................... I3-8 t 1+4 t 21+3·+-

3o6 21-1 +- ................. , . . 19-9 +- 16+2 +- .....• , .. . 
307 I 23-0 t 5+4 t · .. ·· .. ··. u+1 +- ......... · 
3o8 . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . 0-101' 6+o t ......... . 
309 0+1 +- .......... 21+3 +- 6--ll+- 1-1 t 2I-2 +-

::: ::: ~ :::::::::r:::::::: :;:::: ::=:: :::::::::: 
3I2 5+4 +- ......... -! I2+2 t 23+1<>+- 6-5 t ......... . 
3I3 7+5 t 0-3 t '· .. .. .. .. . . .. .. .. .. . 2-6 +- 21-7 +-
314 8+6 +- . . . . . . . . . . . . . . . . . . . . 4+9 t I6-8 t ......... . 
315 10+7 +- 4+1 +- 10+8 +- 11-9 t ......... . 

3I6 
317 
3I8 
3I9 
320 

.......•.. 20+0 +-

·············· ·······;+5T 
:::::::·::: ·;;:.:;·:r 8+4 +-

6-Iot ......... . 
2-JI.... 21 - 12+-

16+ II t ......... . 
11+1ot ......... . 
7+9 +- ..... · .... . 

7+3 +- 2I +• +- 4+1 +- 18+0 +-
11+1 t . . . .. . . .. . 8-1 t 22-2 t 
1+0 t 16-1 +-' 13-3 +- .•........ 

6-• +- w-3 t I 3-4 +- I7-5 +-
10-4 t ......... ·: 7-6 t 2I-7 t 
1-5 +- I5--6 t lI-8 t · ·· ·· •• •• • 
5-7 t 20-8 +- 2-9 +- I6-1o+-

10-9 +- . .. .. .. .. . 6-11t 20-12t 

0-IOt 14-II t 
5-I2+- l9+u+-
9+10t 23+9 t 

I4+8 +- ...•...... 
4+7 +- 18+6 t 

8+5 t 23+4 +-
13+3 +- ......... . 

gt~ t ~~~: t 
12-2 t 

2-3 t I7-4 +-
7-5 +- 21-6 t 

11-7 t 
2-8 +- I6-9 +-
6-101' 20-11 t 

m+nt ......... . 
1+1<>+- 15+9 +-
5+8 t 19+7 t 
9+6 t 
0+5 +- 14+4 +-

4+3 +- 18+2 t 
8+1 t 23+0 +-

13,--1 +- ......... . 
3-2 +- I7-3 t 
7-4 t 22-5 ~ 

12-6 +-
2-7 +- 16-8 t 
6-9 t 20-Iot 
II-II~ ......... . 
1-12+- I5+II t 

00 

2+6 t 15+7 t 
4+8 t 17+9 +-

p 

6+1<>+- 19+11+- .. '. ......• 
9+12t 22-II t · · · ...... . 

11-1ot ................... . 

0-9 +- 113=68 +-
2-7 ~ 6 t 
5-5 t 18-4 t 
7-3 ~ 20-2 +-
9-1 ~ 23-0 t 

1 :t~ t ·;4+3·~:: ··3+;.·:i:· 
3+4 +- 16+5 +- ......... . 
6+6 t 19+7 t ......... . 
8+8 t 21+9 +- ......... . 

10+1<>+- 23+11+- ......... . 
13+12t ·········· ......... . 
2-nt 15-Io+- .••....... 
4-9 +- 17-8 +- ..•...... 
7-7 t 20-6 t ......... . 

9-5 t 22-4 +- ......... . 

l~=! f ·:ii!T ......... . 
5+2 +- 18+3 +-

7+4 +- 2I+5 t 
10+6 t 23+7 t 8+6 t 
12+8 +- ................... . 

l +9 +- 14+1<>+-
4+11 t 17+12t 

I9-I<>+-
21-8 +-

6-ut 
8-9 +­

II-7 t 
o-6 t 
2-4 +-

· ;3:.:.5T · ·· ·· ·· ·· · 
15-3 +-

4-2 +- I8-1 t 
7-0 t 20+1 t 
9+2 +- 22+3 +-

11+4 +- ................... . 
1+5 t 14+6 t ......... . 

3+7 t 16+8 +- [· ........ . 
5+9 +- 18+1<>+- 13+5 t 
8+nt 21+12t ........•. 
lo-ut 23-1~ '··· ...... . 
12-9 +- ............. ······. 

1-8 +- 15-7 t • • • • · · • • • · 
4-6 t 17-5 t ........•. 
6-4 +- 19-3 +- ......... . 
8-2 +- 22-1 t ... · ·. · .. . 

11-0 t ................... . 

13+2 +-

:~tit 
20+8 +-
22+1<>+-

l~t:a ·;4:.:;;:,:· ·;9+4·~· 
3-IO~ 16-9 +- .........• 
5-8 +- 19-7 t :· ........ . 
8-6 t 21-5 t ; ......... . 

10-4 +- 23-3 +-1· ........ . 
I2-2 ~ ·········· ......... . 
2-I t 15-0 t ,. ........ . 
4+1 t 17+2 +- i ........ . 
6+3 +- I9+4 +- : ........ . 

9+5 t 22+6 t '1· ........ . 

'~t~ t ·;3+9·~·1:::::·:::: 
2+1o+- I6+ut .·········· 
5+12t 18-II t I•········· 
7-1o+- 20-9 +- 1 •••••••••• 

9-8 +- 23-7 t 1 ••••...••. 

12-6 t ......... ·i 0+3 +-
I-5 t I4-4 +- · ......... · 
3-3+- 17-2 t j••••Oo•••· 
6-1 t 19-0 t '. •· ·· ·· ·· • 
8+1 +- 21+2 +- I •... : •..•• 

10+3 ~ .................... . 
0+4 t 13+5 t 1· ........ . 
2+6 t 15+7 +- .........• 

I 
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TAUL!!: 42.-Compo11ent hours de1·ivedfron1 solar ltou1·s-Continued. 

-D_:_r ___ 1 __ --K-- __ r. __ --M--l----N----1----2-N ___ I o series. 

321 
322 
323 
324 
325 

326 
327 
328 
329 
330 

331 
332 
333 
334 
335 

336 
337 
338 
339 
340 

341 
342 
343 
344 
345 

346 
347 
348 
349 
350 

351 
352 
353 
354 
355 

356 
357 
358 

~~ 

20-ll t .................... 13+3 t 
21-l~ .................... 19+2 +-

. ~~:--::.~. :::::::::: .. ~...-:~.~ ... ~+;·:,:· 
l-8 t .......... 18-3 t 6+o +-

2-7 +-
4-6 t 
6-5 t 
7-4 +-
9-3 t 

I0-2 +-
12-I '<f-
14-0 t 
15+1 +-
17+2 t 

.................... 11-l t 

.. ;:..:;·~· ·;~:..:4·:,:· !;=~ t 

18+3 +- 9-7 +- 8-9 +-
20+4 +- .................... l3-10t 
22+5 t .................... 19-11+-
23+6 +- 1-8 +- .......... 

.............................. o-12t 

1+7 t 
3+8 t 
4+9 +-
6+1ot 
1+11+-

9+12+­
ll-llt 
12-lo+-

:i=~ t 

.......... 16-9 t 

IO-I +- , ,, ,, , ... , 
8-l~ 

6+11+-
11+1ot • 
17+9 +-
22+8 t 

•••••••••• •••••••••• 1 •••••••••• 

... ...... . 23-11t 4+7 +-

.......... .......... 9+6 t 

:::::::::: ·;;:..:;;:,:· !~t~ t 
17-7 +- .. . . . .. . . . . . . . .. . . . . 2+3 +-
19-6 t . . . . . .. . . . 7+11+- 1+2 t 
20-5 +- .. . .. .. .. . .. . .. . .. . . 13+1 t 
22-4 +- .......... 22+10t 19+0 +-

0-3 t 
1-2 +-

~=~ t 
6+1 +-

8+2 t 
9+3 +-

11+4 +-
13+5 t 
14+6 +-

16+7 t 
18+8 t 
19+9 +-
21+1ot 
22+11+-

.......... 14+9 +-
16-0 t ......... . .................... 

6+8 +-

0-l t 
6-2 +-

11-3 t 
17-4 +-
22-5 t 

.......... .......... 2-1~ 

4+5 t 7-11t 

:::::::::: ·~+4T :~+:~;:-

2+8 +- 21+7 t 
16+6 t ........ .. 
12+5 +- ........ .. 
7+4 ~ ........ .. 
2+3 t 21+2 t 

16+1 t ........ .. 
12+0 +- ......... . 
7-1 +- ......... . 
2-2 t 21-3 t 

17-4 +- ......... . 

12-5 +- ........ .. 

t:~ + ·;;:..:s·:,:· 
17-9 +- ......... . 
12-IQ<E- ,,,, •• ,,,. 

3+7 +- 22+6 +-
17+5 t ......... . 
12+4 ........ .. 
7+3 ......... . 
3+2 +- 22+1 +-

17+0 t ......... . 
12-1 t ......... . 
8-2 +- ......... . 
3-3 +- 22-4 t 

17-5 t ........ .. 

13-6 +- ........ .. 

~=~ ::: . ;;:..:9·:,:. 
17-10t ......... . 
13-11+- ......... . 

8-12+- ........ .. 
3+11 t 22+10t 

18+§ +- ......... . 
1

~+1 t :::::::::: 
lg:t: t . ~~~~. ~, 
13+3 +- ......... . 

~t~ t ·;3+~·~· 
18-1 +- ......... . 
13=2 t ........ .. 
8 3 t ......... . 

l~::: -~~...-::.~. 
371 ........ "j' ............................. 13-7 t ........ .. 

6584-38 

I 

11-12+- ......... ·15+10t 19+9 t 
l+ll+- l5+10t 10+8 +- .......... 
5+9 t 20+8 +- 0+1 +- 14+6 t 

10+7 +- .. .... .. .. 4+5 t 18+4 t 
o+6 t 14+5 t I 9+3 +- 23+2 +-

5+4 +- 19+3 +- 13+1 +- .......... 
9+2 t 23+1 t I 3+0 t 17-1 'f' 

14+0 +-· ......... ·1' 8-2 +- 22-3 +-
4-1 +- 18-2 t 12-4 +- .......... 
8-3 t 23-4 +-' 2-5 t 16-6·t 

13-5 +- ......... ·17-7 +- 21-8 +-
3-6 t 17-7 t 11-9 +- ......... . 
8-8 +- 22-9 +- l·-JOt 15-ll t 

12-10t . . ... .. .. . 5-12t 20+n+-
2-u t 17-12+- ! 10+10+- ......••.. 

7+u+- 21+1ot l!:t§ t. . ;;;+7·:,:. 
6+6 t 21+5 +-I 

11+4 +- ........ .. 

14+8 t 
19+6 +-
23+4 +-

18+1 +-

1+3 t 15+2 t 8+o +- 22-1 +-
6+1 +- 20+0+- 122=32 t '1'7''.:4".:.:_· 
l~=! t ·;5.:.:3·~· 7-51- 21-6 ~ 
5-4 +- 19-5 t ll-7 t ........ .. 

9-6 t • ........ ·1 l-8 t 15-9 'f' 
0-7 +- 14-8 +- 6-1~ 20-11+-
4-9 t l8-1ot ' loo-+1121 t • 1.4. +" 1'o"t" 
9-11+- 23-12+- I t 

l3+11t .......... · 5+9 +- 19+8 +-

3+1ot 18+9 +- ! 9+7 t 23+6 t 
8+8 +- 22+7 t 13+5 t ......... . 

12+6 t . . .. . . .. . . 4+4 +- 18+3 +-
3+5 +- 17+4 +- 8+2 +- . 22+1 t 
7+3 t 21+2 t l2+o t ......... . 

12+1 +- ........ .. 
2+0 +- 16-1 t 
6-2 t 21-3 +-

11-4 +- ......... . 
1-5 t 15-6 t 
6-7 +- 20-8 +-

10-9 t ........ .. 
o-1ot 15-u+-
5-12+- 19+11 t 
9+1ot ......... . 

0+9 +- 14+8 +-
4+7 t 18+6 t 
9+5 +- 23+4 +-

1~+~ + ·;s+;·~· 
8+o +- 22-1 t 

3-1 +- 17-2 +-
1-3 +- 21-4 t 

11 -5 t ......... . 
2-6 +- 16-7 +-
6-8 +- 20-9 t 

10-1ot ......... . 
o-11t 15-12+-
5+11+- 19+10t 
9+9 t 23+8 t 

14+7 +- ......... . 

4+6 +- 18+5 +-
8+4 t 22+3 t 

13+2 +- ........ .. 
3+1 +- 17+0 +-
7-l t 21-2 t 

12-3 +- ......... . 

00 

4+8 +- 17+9 +-
1+1ot 20+11 t 
9+12t 22-ll+-

593 

p 

II-Io+-,,,,, ..... •••••••••• 
0-9 +- 14-8 t 

3-7 t 16-6 t 
5-5 +- 18-4 +-
7-3 +- 21-2 t 5+2 t 

10-l 'f' 23-0 t 
12+1 +- ................... . 

1+2 +- 14+3 +- ......... . 
4+4 t 17+5 t ......... . 
6+6 t 19+7 +- ......... . 
8+8 +- 21+9 +- ........ .. 

11+10t .................. .. 

o+n t 13+12t 
2-ll+- 15-1~ 

4-9 +- 18-8 t 
7-7 t 20-6 t 
9-5 +- 22-4 +-

ll-3 +- ................... . 

~=~ + :~+: t ·;~+;·:,:.· 
5+2 +- 18+3 +- ......... . 
8+4 t 21+5 t ......... . 

10+6 t 23+7 +- .......... . 
12+8 +- .......... · ......... . 
1+9 +- 15+1ot 
4+ll t 17+12t 
6-11+- 19-1~ ........ .. 

8-9 +- 22-8 t ......... . 
11-7 t ................... . 
o-6 t 13-5 +- .. · · · · · .. • 

~=! t :~=it 
7-0 t 20+1 +-
9+2 +- 22+3 +- ........ .. 

1~:t~ t "i4+6T 16
+

0 
+-

3+1 +- 16+8 +-

5+9 +- 19+1ot 
8+11t 21+12t 
IO-II~ 23-1~ 

12-9 +- ................... . 
2-8 t 15-7 t ...... ; .. . 

4-6 t 17-5 +- ......... . 
6-4 +- 19-3 +- ......... . 
9-2 t 22-1 t ......... . 

11-0 t ................... . 
0+1 +- 13+2 +-

•+3 +- 16+4 t ......... . 



594 

II 
l• 
13 
14 
15 

16 
17 
18 
19 
20 

2I 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

41 
42 
43 
44 
45 

46 
47 
48 
49 
50 

5I 
52 
53 
54 
55 

56 
57 
58 
59 
6o 

71 
72 
73 
74 
75 

76 

~ 
79 
So 

3-4 +-
7-7 t 
2-9 +-
6-I2+-
1+1<>+-

5+7 +-
9+4 +-
4+2 +-
8-1 +-
2-3 t 

!=tt o+II 
4+8 

8+5 t 
3+3 +-
7+0 t 
2-2 +-
6-5 +-

I-7 +-
5-Io+-
9+II+-
4+9 +-
8+6 +-

2+4 t 
7+1 +-

Ei i 
~=i2f 
3+Io 
7+7 
2+5 +-

6+2 +­
I+o +-
5-3 +-
0-.5 +-
4-8 +-

8-11+-
2+11t 
7+8 +-
1+6 t 
5+3 t 

o+I I 4-2 
8-5 
3-7 
7-Io 

2-12+-

6+9 t 
I+7 +-
5+4 +-
0+2 +-

4-I +-
8-4 +-
3-6 +-
7-9 +­
I-llt 

UNITED STATES COAST AND. GEODETIC SURVEY. 

TABLE 42.-Component hours dtn"ivedfrom solar hours-Continued. 

I2-5 f I6-8 
II-IO 

l5+II 
10+9 +-

22-6 +-

. ;;,:.:;; t. 
·;9+8T 

14+6 t 23+5 t 
I8+3 t 
13+1 +- 22+0 t 
17-2 +- ......... . 
12-4 +- 2I-S t 

16-7 +- ......... . 
11-9 +- 20-Io+-
15-12<1(- ......•... 

9+1ot 19+9 +-
13+7 t 23+6 +-

18+4 +- ......... . 
12+:z f 22+1 <i(-
16-1 
11-3 21-4 +-
I5-6 

:~=~It 
i8+Iot 
13+8 +-
17+5 t 

19-9 t 
23-12t 

·;;+1·t. 

I2+3 +- 21+2 t 
I6+o +- ........ . 
11-2 <(- 20-3 <(-

15-5 +- ......... . 
9-7 t I9-8 +-

14-Io+- 23-11+-
I8+11+- ......... • 
12+9 i 22+8 +­
I6+6 
II+4 21+3 +-

:~:::: 1 . ;9:..:;· t. 
14-4 t 
9-6 +- 18-7 t 

13-9 +- 22-1ot 

I7-I2t ......... . 
12+Io+- 21+9 t 
16+7 +- ......... . 
11+5 +- 20+4 t 
15+2 +- ......... . 

9+0 t I9-I +-
14-3 +- 23-4 +-
18-6 +- ......... . 
12-8 t 22-9 +-
17-II+- • •• ·· ·· ·· · 

II+IIf 2I+Io+-

:~t~ ·;9+5·:,:· 
I4+3 ......... . 
9+I +- I8+o t 

I3-2 t 22-3 t 
I7-5 t ......... . 
I2-7 +- 2I-8 t 
I6-Io+- ......... . 
II-I2+- 20+II t 

2-1 .... 
6-5 +-
3-8 +-
0-11.i(-

4+9 +-

I+6 +-
5+2 +-
2-I +-
5-5 t 
2-8 t 

9-2 +­
I3-6 +­
I0-9 +-
7-I2+­

II+8 +-

8+5 +-
12+I +-
9-2 +-

12-6 t 
9-9 t 

I8-Iot ·············································· l2I=32 t .I7.:.:4··:,:_· I5+1I+- 22+1<>+- . .. .... ...... .. .. .. .. .. . 0+1ot t ~ 
I9+7 +- . . . .. .. .. . . .. .. . . .. . . . . . . .. . . .. .. . . .. .. . 8-5 +- 22-6 t 

~t~:: -~~~~-~- .. ::.: .. :::: :::::::::::: .... ~~:.~.!I~=~ 1- ·;9:.:9·~:: 
I7-3 +- . . . .. .. .. . . . . .. .. .. . . . . . . .. . . .. .. . I5+8 +- I IO-Io+- ......... . 
I4-6 +- 2I-7 +- .................................... o-11t I5-12t 
I8- Io+- . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . 22+7 +- 6+II+- 2I +ro+-

:~t;I:: -~~~'.~. :::::::::::: :::::::::::: ::::::::::::1 I~t~ + ·;7+7·~· 
I6+4 +- 23+3 +- . . . . . .. . . . . . . . . .. . . . . . . . 5+6 +- ! 8+6 +- 22+5 t 

TI~i E :;;~~:~: :::::::::::: :::::::::::: :::'.~~~:~:! IH; t 19+2 +-
18-1<>+- ... .. .. .. . . .. .. .. .. .. . . .. .. .. .. .. . I9+4 t 1 o+o t I5-I +-

I5+11+- 22+Io+- I6+2 +- I6-2 t ... •• ·· ·• ·• .! 6-2 +- 21-3 +-

:~t~ ! ·;;+;·:i:· :::::::::::: :::::::::::: ····;+3·:i:·: 1!=~ + ·;7:.:6·~· 
:&:::~ t ·;3:..:4·:i:· :::::::::::: ::::::::::::1····9+;·:i:· 1 ~=-~ t -~~:-:~.~-

:x~:~1 :;;i;~~: :::::::::::: ::::::::::::.:::'.~~'.f E:ff .:;:::-
18+7 .................................. 1. .. . . .. .. . . . 6+9 +- 20+8 t 
I5+4 22+3 t ....................... ·1 o+o +- II +7 t · · · ·· · · ·· · 

:z:::~ i ·;3:.:4·:i:· :::::::::::: :::::::::::: ····7:.:;·~· ~t~:: ~;t~ t" 
:r~:d :;;~;~~: :::::::::::: ::::::::::::i:>~~~Y I!!:+:'.~~~:~: 

i 
I8+7 t .................................. ! 2I-3 +- 0-2 t 15-3 +-
I5+4 t 22+3 t ....................... ·I·........... 6-4 +- 20-5 t 
19+0 +- ............................................. ' 11-6 t 
I6-3 +- 23-4 +- ....................•.. ·I 4-4 t 2-1 +- 17-8 +-
20-1 +- ................................. "i" .......... ·1 7-9 t 22-10t 

17-10+- ....... · · · ........... ·1· .. .. . . .. . . . II-5 t 13-11 t ......... . 
14+11+- 21+1o+- ................... ····· ............ 4-12+- t9+11+-
18+7 +- . . . .. .. .. . . .. .. .. .. .. . . . . .. .. .. .. . 18-6 t 9+10t ......... . 
IS+4 +- 22+3 +- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0+9 t I5+8 +-
19+0 +- ..................... ·'· .... ······.. .. .... .. .. . 6+7 +- 20+6 t 

I6-3 +- 23-4 +- . . . . . . . . . . . . . . . . . . . . . . . . 1-7 t 
20-7 +- ............................................. . 

:~+:~ ·;;+;;,~.:.-i:::: .. :::::: ::::::::::::: .... ~:-:~.~-
18+7 +- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • .. 16-9 +-

15+4 +- 22+3 +- ................................... . 

!!~~ f :~~~~:~: ::::~~~:~:!::::~?:~: :::~~~~~: 
16-10t 23-11t ············1······ .. ····1 6-II+-

11+5 t ......... . 
2+4 +- •7+3 +-
1+2 t 22+1 t 

13+0 +- ......... . 
4-1 +- 18-2 t 

~=l t ·;5:.:5·~· 
6-6 +- 20-7 t 
II-8 t 
2-9 +- 17- Io+-



Day of 
series 

91 
92 
93 
94 
95 

¢ 
97 
~ 
99 

100 

IOI 
102 
103 
104 
105 

106 
107 
1o8 
109 
IIO 

Ill 
112 
113 
ll4 
ll5 

116 

!!~ 
119 
120 

121 
122 

:~I 
125 

126 
127 
128 

:;g I 
131 
132 
133 
134 
135 

136 
137 
138 

:~~I 
141 
142 

::~ I 145 

146 

::~I, 
149 

:~:I 152 
153 
154 
155 ! 

I 
156 . 
157 i 
158 ' 
159 . 
16o 

~t~ol 
4+5 
8+2 
3+0 

7-3 t 
2-5 +-
6-8 t 
I-lo+-
5+n+-

0+9 +-
4+6 +-
8+3 +-
3+1 +-
7-2 +-

1-4 t 

~=?.t 
8+9 + 
~t~ f 2+2 
6-1 
1-3 +-

5-6 +­
o-8 +-
4-ll+-
8+1<>+-
3+8 +-

7+5 +-
1+3 t 
6+o +-
0-2 t 
4-5 t 

8-81 3-10 
7+1l 
2+9 
6+6 

1+4 +-
5+1 t 
0-J +-
4-4 +-
8-7 +-

3-9 +-
1-12+-
2+1<>+-
6+7 +-
0+5 t 

4+2 t 

~=i r 
2-8 + 
6-nt 
1+n+-
5+8 t 
o+6 +-
4+3 +-

8+0 +-
3-2 +-
7-5 +-
2-7 +-
6-1<>+-

o-12t 
5+9 +-
9+6 +-
3+4 t 
7+1 t 

4+1<>+-
8+7 t 
3+5 +-
7+2 +-
2+0 +-
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TABLE 42.-Conipo11ent hou1·s derived from Bolar hours-Continued. 

Q 

15+9 +-
10+7 +- 19+6 +-
14+4 +- 23+3 t 
18+1 +- ......... 
12-1 t 22-2 +-

17-4 +- .......... 
ll-61 21-7 +-
15-9 
IO-JI 20-I2<E-
14+10 .......... 

9+8 +- 18+7 t 
:~t~ t . ~~~~ .... 
12+0 +- 21-1 t 
16-3 t ........ .. 

11-5 +- 20-6 t 
15-8 +-
10-Io+-l 9-11+-
14+11+-2 3+10t 
18+8 +- ........ .. 

13+6 +- 22+5 +-
17+3 +-
n+1 f 21+0 +-
15-2 
10-4 20-5 +-

'~=i f · ;s:..:;~:,:-
'3-12 23+n+-
17+9 ......... . 
12+7 +- 21 +6 t 

16+4 t ......... . 
n+2 +- 20+1 t 
15-1 +- ........ .. 
10-3 +- 19-4 t 
14-6 +- 23-7 t 

18-9 +-
13-ll+- 22-12+-
17+1<>+-
11+8 t 21+7 +-
16+5 +- ........ .. 

I0+3 l 20+2 +-14+0 ......... . 
9-2 18-3 t 

13-5 23-6 +-
17-8 .......... 

12-1ot 21-n t 
16+nt ......... . 
n+9 +- 20+8 t 
15+6 +- ......... . 
I0+4 +- 19+3 t 

14+1 +- 23+0 t 
18-2 +- ......... . 
13-4 +- 22-5 t 
17-7 +- .......... 
11-9 t 21·-I0+-

16-12+-

10+10! 20+9 +-
14+7 
9+5 19+4 +-

13+2 23+1 +-

!Ei f :'.~~.~. 
II-8 +- 20-9 t 
15-11t 

10+11+- 19+10t 
14 +8 +- 23+7 t 
18+5 +- ......... 
13+3 +- 22+2 t 
17+0 +- .......... 

2Q R T 

6-121 3+9 
o+6 
4+2 
l-1 

5-51 2-8 
6-12 
3+9 
o+6 · 

4+2 i 1-1 
5-5 
2-8 
6-12+-

3+9 +-
0+6 +-
4+2 +­
I-I <E-
5-5 +-

2-8 +-
6-12+-
3+9 +­
o+c; +-
4+2 +-

1-1 +-
5-5 +-
2-8 +-
6-12+-
3+9 +-

13+nl 10+8 
7 +s 
11+1 
8 -2 

:~~~ t 
9-9 t 

13+11+-

10+8 +-
7+5 +-

11+1 +-
8-2 +-

12-6 +-

9-9 +-
13+n+-
10+8 +-
7+5 +-

11+1 +-

8-2 +-
12-6 +-
9-9 +-

13+11+-
10+8 +-

~t~ l :~+t l 0-1 7-2 
4-5 11-6 
1-8 8-9 

5-121 2+9 
6+5 
3+2 
0-1 

!=tf 2+9 
6+5 

3 ... 2 +-
0-1 +-

t=~:: 
5-12+-

2+9 +-
6+5 +-
3+2 +­
O-I <E-
4-5 +-

1-8 +-
5-12+-
2+9 +-
6+5 +-
3+2 +-

~=~ +-! o-8 
4-12 
1+9 

4-121 1+9 
s+s 
2+2 
6-2 

~=~ + 
4-12+-
1+9 +-
5+5 +-

l2+n l 9+8 
13+4 
JO+l 
7-2 

11-61 8-9 
12+n 
9+8 

13+4 

10+1 +-
7-2 +-

11-6 +-
8-9 +-

12+11+-

9+8 +-
13+4 +-
10+1 +-
7-2 +-

11-6 +-

8-·9 +-
12+u+-
9+8 +-

13+4 +­
rn+1 +-

·;;+;·:,:· :::::::::::: :::::::::::: ... '.~~'.~~. 
.......... ............ ............ 20+n+-
22-4 t ................................... . 

~g[d ;~~~~:~; :::::::;:::: :::::::::::: :::;t:~~~: 
14+4 t 21+3 t ................................... . 

:i~~ t :~~~~:~: :::::::::::: :::::::::::: :::'.~~~:~: 
16-10f 23-11+- ............ ..... .. ..... 0+7 t 
20+1<>+- ............................................ .. 

17+7 +- .. .. .. .. .. .. .. .. .. .. .. .. 8+6 +-
14+4 +- 21+3 +- ................................... . 
18+0 +- .. .. .. .. .. .. .. .. . .. . .. .. . .. . . .. . .. 15+5 +-
15-3 +- 22-4 +- ................................... . 
19-7 +- .. .. . .. . .. .. .. . .. .. . .. .. .. .. .... .. 22+4 +-

16-1<>+- 23-n+- ............................. · .... .. 
20+1<>+- ............................................ .. 
17+7 +- .. .. .. .. .. .. .. .. .. .. .. .. 5+3 +-
14+4 +- 21+3 +- .................................. .. 
18+0 +- .. . .. .. • . . . .. .. .. .. .. . .. .. . .. .. .. . 12+2 +-

15-3 +- 22-4 +- ......................... - ........ . 
19-7 +- .. .. . .. .. . 13+4 +- 13-4 t 19+1 t 
16-lo+- 23-II+- ............ """""" "'" .. " .. • 
20+1<>+- ............................................ .. 
16+7 t 23+6 t .. . .. .. .. .. . .. .. .. .. .. .. 2+0 t 

18-7 l 15-10 
19+10 
16+7 
20+3 

:;;~~:~: :::::::::::: :::::::::::: ::::~~~:~: 
.......... ............ ............ 16-2 t 
22-11t .................................. .. 

·;3+6·:,:· :::::::::::: :::::::::::: .... ~:..:;·~· 

·;;:.:4· t. ::::: ::::::: ::::: :: ::::: .... '.~~-~. 
.......... ............ ............ 14-5 +-
22-nt ................................... . 

.......... ............ ............ 21-6 +-
23+6 t ................................... . 

17+0 +- .... . .. . .. .. .. .. .... .. .... .. .... .. 4-7 +-
14-3 +- 21-4 +- ................................... . 
18-7 +- . .. .. .. .. . .. ...... .... ... .. .. .. . .. ll-8 t 
15-1<>+- 22-11+- ................................... . 
19+1<>+- . .. .. .. .. . .. .. .. ... ... .... ...... .. 18-9 t 

16+7 +- 23+6 +- ................................... . 
20+3 +- .................................. "'" ...... . 
17+0 +- .... . .. . .. .. .. . ..... . .... ... .. ... 1-IOt 

:i=~:: .~'.~~.~. :::::::::: .. :::::::::::: .... s:..:.;;·t' 
15-1~ 22-11+- ............................••...... 
19+1<>+- . .. .. .. . .. ... .. .. .. .. . .... ...... .. 15-12t 
16+7 +- 23+6 +- o+s t 0-5 +- ........... . 
20+13+- .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 23+11+-
17+0 +- ............................................ .. 

14-3 +- 20-4 t ................................... . 
11-7 ! .. .. .. .. .. . .. .. . .. .. .. . .. .. ... .. .. 6+1<>+-
14-IO 21-llt .................................. .. 

:~t;0 ·;;+6T :::::::::::: :::::::::::: ... '.~~~.~. 
.......... ............ ....... .... . 20+8 +-
23-1 t ................................... . 

:;;~;;;: :::::::::::: :::::::::::: ::::~~~:~: 
..... ..... ............ ............ 10+6 t 

.~~~~.~. :::::::::::: :::::::::::: ... ;;+;;·:,:· 
23-1 t .................................. .. 

17-7 t ... ....... ............ ............ 0+4 t 
14-1<>+- 21-ll+- ................................... . 
18+1<>+- ............ ............ 7+3 t 
15+7 +- 22+6 +- ................................... . 
19+3 +- ...................... "'""""! 15+2 +-
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7-11t 22-12t 
13+11+- .......... 
4+10+- 18+9 t 
9+8 t 
0+7 +- 15+6 +-

5+5 t 20+4 t 
11+3 t 
2+2 +- 17+ I +-
7+0 t 22-1 t 

13-2 +- ........ .. 

4-3 +- 18-4 t 
9-5 t 
o-6 +- 15-7 +-
5-8 t 20-9 t 

11-1<>+-- ••.•••..•. 

2-Il+- 17-12<E-
7+n t 22+10t 

1

~t~ :: 18+7 t 
9+6 t ........ .. 

0+5 +- 15+4 +-
5+3 t 20+2 t 

11+1 +-
2+0 +- 16-1 t 
7-2 t 22-3 +-

13-4 +-
4-~ +- 18-6 t 
9-7 t ........ .. 
o-8 +- IS-<J +-
5-1ot 20-nt 

11-12+- ......... . 
2+n+- 16+10t 
7+9 t 22+8 +-

13+7 +- .......... 
3+6 t 18+5 t 

9+4 +-
0+3 +- 15+2 +-
5+1 t 20+0 t 
II-I <E-
2-2 +- 16-3 t 

l;=i t. .~~~:.~. 
3-7 t 18-8 t 
9-9 +- .......... 
0-lo+- 14-ll t 

5-121' 2<'+nt 
n+1o+- .......... 
2+9 +- 16+8 t 
7+7 t 22+6 +-

13+5 +- ........ .. 

3+4 t 18+3 t 
9+2 +- ......... . 
0+1 +- 14+0 t 
5-1 t 20-2 +-
u-3 +- ......... . 

1-4 t 16-5 t 
7-6 t 22-7 +-

13-8 +- ......... . 
3-9 t 18-IOt 
9-n+- .......... 

0-12+- 14+n t 
S+IOt 20+9 +-

n+8 +- ........ .. 
1+7 t 16+6 t 
7+5 +- 22+4 +-

12+3 t 
3+2 t 18+1 t 
9+0 +-
0-l +- 14-2 t 
5-3 t 20-4 +-

ll-5 +-
1-6 t 16-7 t 
7-8 +- 22-9 +-

1:z-1ot 
3-u t 18-12+-

9+u+- .......... 
o+io+- 14+9 t 
5+8 t 20+7 +-

u+6 +- ......... . 
1+5 t 16+4 t 
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161 
162 
163 
164 
165 

166 
167 
168 
169 
170 

171 
172 
173 
174 
175 

176 
177 
178 
179 
lBo 

t8t 
182 
183 
184 
185 

186 
187 
188 
18<} 
190 

191 
192 
193 
194 
195 

196 
197 
198 
199 
200 

201 
202 
203 
204 
205 

2o6 
207 
2o8 
209 
210 

2II 
212 
213 
214 
215 

216 
217 
218 
219 
220 

221 
222 
223 
224 
225 

226 
227 

~~I 
231 
232 
233 ' 
234 
235 

. .036 
237 
238 
239 
240 

6-3 +-
0-5 t 
5-8 +-
9-II+-
3+ut 

0-4 +-
4-7 +-
8-10t 
3-12+-
7+9 +-

2+7 +-
6+4 +-
1+2 +-
5-1 +-
9-4 +-

3-6 t 

~~:J 
1+8 + 
5+5 t 
0+3 +-
4+0 t 
8-3 t 
3-5 +-

7-8 +-
2-1o+-
6+II+-
1+9 +-
5+6 +-

9+3 +-

~!~ t. 
2-4 t 
6-7 t 

~=i2f o+to 
4+7 
8+4 

3+2 +-
7-1 t 
2-3 +-
6-6 +-
1-8 +-

5-II+-
9+1~ 
4+8 +-
8+5 +-
2+3 t 

6+o f 1-2 5-5 
0-7 
4-10 

8+IIt 
3+9 +-
7+6 t 
2+4 +-
6+1 +-

J-1 +-
5-4 +­
o-6 +-
4-9 +-
8-12+-

2+1ot 
7+7 +-

•+st s+2 
o+o 
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TABLE 42.-Componcnt lwurs derii:ed from solar hours-Continued. 

Q 

15-4 t 
to-6 +- 19-7 t 
14-9 +- 23-rnt 
t8-12t ····· ..... 
13+1~ 22+9 t 

17+7 +- ·········· 
12+5 +- 21+4 +-
16+2 +- ......... . 
lo+o t 20-1 +-
15-3 +- ......... . 

:~=~If 12+u 
16+8 

u+6 t 20+5 t 
15+3 t 
to+t +- 19+0 t 
14-2 +- 23-3 t 
18-5 t ......... . 

13-7 +- 22-8 t 
17-I~ ......... . 
12-12+- 21+IIt 
16+9 +- ......... . 
10+7 t 20+6 +-

15+4 +- ·········· 
9+2 t 19+1 +-

:~=~ +- -~~:-:~.7:. 
12-6 t 22-7 +-

:~=i,! ·~:.:;;:i:· 
l5+tot ......... . 
to+8 +- 19+7 t 
14+5 t 23+4 t 

18+2 t ......... . 
13+0 +- 22-I t 
17-3 +- ......... . 
12-5 +- 21-6 t 
16-8 +- ........ . 

II-Io+- 20-ll._ 
15+u+- ........ . 
9+9 t 19+8 +-

:~+~ +- . ~~~:.7:. 

:~!~ f . ~~~~-7:. 
II-4 21-5 +-
15-7 ......... . 
to-9 +- 19-1~ 

14-12t 23+t1 t 
18+9 t 
13+7 +- 22+6 t 
17+4 t ......... . 
12+2 +- 21+1 t 

16-t +- ......... . 
II -3 +- 20-4 +-
15-6 +- ......... . 
9-8 t 19-9 +-

14- Il<E- 23- 12+-

18+1~ ......... . 
12+8 f 22-t 7 +-
16+5 
u+3 21+2 +-
15+0 

10-2 t 
14-5 t 
9-7 +-
13-1~ 

17+nt 

19-3 t 

18-8 t 
22-JJ t 

12+9 +- 21+8 t 
16+6 +- ......... . 
II +4 +- 20+3 t 
15+1 +- ·········· 
9-t t 19-2 +-

14-4 +- 23-5 +-
18-7 +- ......... . 
12-9 t 22-I~ 
17-12-E- ......... . 
II+tot 21+9 +-

2+2 <E-
6-2 +-
3-5 +­
o-8 +-
4-12+-

I-1-9 +-
5-1-5 +-
2+2 +-
6-2 +-
3-5 +-

o-8 +-
4-12+-

0+9 t 4+5 
1-t-2 

5-2 f 2-5 
6-9 
3-12 
0+9 

4-1-5 f 1+2 
5-2 
2-5 
6-9 

3-12t 
0+9 
4+5 
1+2 +-
5-2 +-

2-5 +-
6-9 +-
3-12+-
0+9 +-
4+5 +-

1+2 +-
5-2 +-
2-5 +-
6-9 +-
3-12+-

5-9 f 2-12 
6+8 
3+5 
0+2 

4-2 f l-5 
5-9 
2-12 
6+8 

3+5 f 0+2 
4-2 
1-5 
5-9 +-

2-12.iE-
6+8 +-
3+5 +-
0+2 <E-
4-2 +-

I-5 +-
5-9 +-
2-l2<E-
6+8 +-
3-1-5 +-

0+2 +-
4-2 +-
1-5 +-
5-9 +-
2-12-E-

5+8 

f 

2+5 
6+1 
3-2 
0-5 

9+1 +-
13-3 +-
10-6 +-
7-9 +­
JI+II~ 

8+8 +-
12+4 +-
9+1 +-

13-3 +-
10-6 +-

7-9 +-
u+11.iE-

7+8 t 11-t-4 
8+1 

12-3 t 
9-6 

13-tof 
IO+II 

7+8 

11+4 f 8+t 
12-3 
9-6 

13-10 

10+11 i 
7+8 

11+4 
8+t +-

12-3 +-

9-6 +-
13-1~ 
lo+II.iE-
7+8 +-

11+4 +-

S+t +-
12-3 .iE-
9-6 +-
13-1~ 
to+u.iE-

7+8 +-
11+4 +­
S+t +-

1~!g t 
12-lOf 9+n 
13+7 
10+4 
7-1-1 

II-3 f 8-6 
12-IO 
9+n 

13-t-7 

10+4 f 7+1 
II-3 
8-6 

12-10-E-

9+t1+-
13+7 +-
10+4 +-
7+1 +-

II-3 +-

8-6 +-
12-IO<E-
9+u+-

13+7 +-
10+4 +-

7+1 +-
11-3 +-
8-6 +-

12-IO<E-
9+11+-

12+7 
9+4 

13+0 
I0-3 f 
7-6 

R T 

16+0 +- 23-t +- ................................... . 
20-4 +- . .. . . .. . . . . .. . . .. .. .. . . . . .. . . .. .. . 22+1 <E-
17-7 +- ............................................. . 
14-1~ 21-11+- ................................. . 
18+1~ . . . . . . . . . . . . .. . . . .. . . . .. . . . . . . . . . . 5+0 +-

15+7 +- 22+6 +- ................................... . 
t9+3 +- .......... • ·. .. . . .. . . . . .. . . . . .. . . . 12-I +-
16+0 +- 23-t +- 10+6 +- to-6 t . .. . . ..... 
20-4 +- . .. . . . . .. . . .. .. .. .. .. . . .. .. .. .. .. . 19-2 t 
17-7 +- ............................................ . 

14-1~ 21-11+- ................................... . 
18+t~ .......... ............ ............ 2-3 t 

18+3 . .. .. .. .. . . .. .. .. .. .. . ... .. .. .. .. . 9-4 t 
14+7 i 21+6 t ................................... . 

15+0 22-I t .................................. . 

... ....... ..... ....... ..... ....... 16-5 t 
23-·8 t ................................... . 

. . . .. .. . . . . . . .. . . .. . . . . .. .. . . .. . . . 23-6 t 

·;;+6·:i:· :::::::::::: :::::::::::: :::::::::::: 
. . . . . . . . . . .. . . .. .. . . . . . . .. . . .. .. . 7-7 +-
22-I t •••••••····. ·•••· ·••··• · ........... . 

. . . .. .. .. . . . . .. . .. . .. . .. .. .. .. .. . 14-8 +-
23-8 t ................................... . 

. .. .. .. . . . . . . . . . . .. .. . . .. .. .. .. .. . 21-9 +-

17+1ot ...................... ············ ············ 
14+7 t 21+6 t .................................. .. 
18+3 +- .. . .. .. .. . . .. .... .. . . . ..... . . .. . .. 4-1~ 
15+0 +- 22-I +- ................................... . 
19-4 +- ... • • ...... •· ·• .. •• • •. • • • •·. • •• •.. II-II t 

16-7 +- 23-8 +- ................................... . 
20-tt+- . .. .. .. . . . . .. .. .. . . . . . . . . .. .. .. . . . 18-12t 

17+1~ ·············································· 14+7 +- 21+6 +- ................................... . 
18+3 +- . .... .. .. . . .. .. .. .. .. . ••. ...... .. . 1+11t 

15+0 +- 22-1 +- ..•.. 0 •••••••••••• 0 ••••••••••••••••• 

19-4 +- . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . 8+10t 
16-7 +- 23-8 +- 21+7 t 21-7 +- ........... . 
20-II+- • • • · • • • • · · • • • ....... •. • • • • • • · · · · · • 15+9 t 
17+1~ ················•····· ...................... . 

14+7 +- 21+6 +- . . . .. .. .. . . . . .. . . .. .. . . . 23+8 +-
18+3 +- ............................................ . 
15+0 +- 22-1 +- ................................... . 

:~=it ·;;:.:a·:i:· :::::::::::: .::::::::::: .... ~~'..7:. 
. .. .. .... . ... .. .... .. . ... .. .. .. .. . 13+6 +-
23+9 t ................................... . 

. .. .. . . .. . . .. . . .. .. .. . . .. . . . . .. . . . 20+5 +-

· ;;:.:;T::: :: : : :: : . ·: :: : : :: :: : : : : :: : : : : :: : : : 
.. . .. .. .. . . .. . . .. .. .. . . .. .. .. .. .. . 3+4 +-
22-8 t ............................ " .... . 

·;3+9·:i:· :::::::::::: :::::::::::· ... '.~~~-~. 
... .. .. .. . . .. .. . ..... ... .... .. .. . 17+2 t 

µ. or2 MS 

7+3 +- 22+2 +-

1;t~ t ·;3:.:;·~·1 
9-2 +- 23-3 t 

14-4 t ......... ·1 
5-5 +- 20-6 +-

11-7 +- ........ . 
t-8 t 16-9 t 
7-1o+- 22-:1+-

12-12t 

3+t1t 18+1~ 
9+9 +- 23+8 t 

14+7 t ......... . 
5+6 +- 20+5 +-

10+4 t ......... . 

t+3 t 
7+1 +-

12-·l t 
3-2 t 
9-4 +-

14-6 t 
5-7 +-

10-9 t 
1--IOt 
7- 12+-

20-8 +-

1~t~0 t · ;3+8· ~· 
9+7 +- 23+6 t 

14+5 t ........ . 
5+4 +- 20+3 +-

'~+~ t . ;6+~·~· 
7-1 +- 21-2 t 

12-3 t ......... . 
3-4 ~ 18-5 +-

,~=~ t . ~~:-:'.. ~. 
5-9 +- 20-1~ 

10-11t ......... . 
1-12t 16+11+-

7+1~ 21+9 t 
12+8 t ......... . 
3+7 +- 18+6 +-
8+5 t 23+4 t 

14+3 +- ......... . 

5+2 +-
10+0 t 
1-1 t 
7-3 +-

12-5 t 

3-6 +-
8-8 t 

14-Io<E-
5-11+-

10+n t 

16-2 +-
21-4 t 

18-7 +-
23-9 t 

19-12t 

:i+~ t :;'.~'.f :::::::::::: :::::::::::: ::::~~::;:: ;+~1 ~~+~ t 
:5::i t 22-8 +- . .. . . . . . . . . . . .. . . . . . . . . . .. 

1 ~+~ +- · i8+4· ~-
19-11+- . . . . . .. . . . . .. . . . . .. . . . . . . . . . . . . . . 1+0 t I 8-i-3 "' 23+2 t 

16+10+- 23+9 +- ............ 1 ..................... •' 14+1 +- ......... . 

~~t~::: :::::::::: ::::::::::::1:::::::::::: ... '.::-:'..7:. ,~=~ t 19-1 t 
14+0 .iE- 21-1 <E- . .. .. ... . . . . . .. .. .. .. .. . 22·-2 <E- I-3 .iE- 16-4 <E-
18-4 +- . . . . . .. . . . . . . . . .. . . . . . . .. .. . . .. . .. . .. . . . . .. . . . 6-5 t 21-6 t 

15-7 +- 22-8 +- .................................. .. 
19-II+- · • · • • · · • • · ................. · • · · · • · 5-3 +-
16-t-1~ 23+9 +- ....................... ·'1· ........ ". 
20+6 +- . . . . . . . . . . 7+8 +- 7-8 t 12-4 +-
17+3 +- ................................. ·1· ......... .. 
14-t-o +- 21-I +- ................... ·· ... 19-·5 +-
18-4 +- ............................................ . 
15-7 +- 22-8 +- .................................. .. 

:~:;::~;:- ·;;:,:9·:i:t::::::::::: :::::::::::: .... ~~~-~-
19+6 f ......... ·I· ............... -· .. . . . 9-7 t 

~:t -~~~~-~.i:::::::::::: :::::::::::: ... ;6:.:sT 
17=4 ···:..:·····:········ .. ·· ........................ 1 
14 7 21 8 t '... . . . . . . . . . . . . . . . . . . . . . 23-9 t 

' 

1 ~=~ ::: · ;s:.:~)" ~ · 
8-tot 23-11t 

14-12.iE- ......... . 
5+11+- 19+1ot 

10+9 t ......... . 
l +8 +- t6+7 +-
6-t-6 t 21+5 t 

12+4 +- ......... . 
3+3 +- 17+2 t 

8+t t 23+0 +-
14-1 +- ........ .. 
5--2 +- 19-3 t 

10-4 t ......... . 
I-5 +- t6-6 +-



Day of 
series. 

6+8 +-
1+6 +-
5+3 +-
0+1 +-
4-2 +-

8-5 +-
2-7 t 
7-1o+-
1-12t 

5+9 t 

iH I 3-1 
7-4 

2-6 +-
6-9 t 
I-II+-
5+1o+­
o+8 +-

4+5 +-
8+2 +-
3+0 +-
7-3 +-
1-5 t 

it!d 
3+6 i 
7+3 t 
2+1 +-
6-2 t 
1-4 +-
5-7 +-

0-9 +-
4-12+-
8+9 +-
3+7 +-
7+4 +-

1+2 t 
6-r +-

~=g· t 
8-9 + 
~+:~1 2+8 
6+5 
1+3 +-

5+0 +-
0-2 ...... 
4-5 +-
8-8 +­
J-lo+-

7+II+-
1+9 t 
6+6 +-
0+4 t 
4+1 t 

r+to+-
5+7 t 
0+5 +-
4+2 +-
8-1 +-

~=~ !: 
2-8 +-
6--11+­
o+ut 

4+8 t 
9+5 +-
3+3 f 7+0 
2-2 
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TABLE 42.-Component ltou1·s derived from solar ltours-Continued. 

Q 

~H~ f :'.~~~f 
9+0 +- 18-1 t 

13-3 t 22-4 t 

:7-6 t ......... . 
12-8 +- 21-9 t 
16-11+- ......... . 
11 +II+- 20+1ot 
15+8 +- .......... 

10+6 +- 19+5 +-
14+3 +- 23+2 t 
18+0 +- ......... . 
12-2 t 22-3 +-
I7-S +- ......... . 

11-7 f 21-8 +­I5-IO 
10-12 20+11+-
I4+9 .......... 
9+7 +- 18+6 t 

:~+1 + .~~:.~. 
12-I +- 21-2 'f' 
16-4 t ........ .. 
11-6 +- 20-7 t 
15-<J +-
10-11+- I9-l2+-
14+1o+- 23+9 t 
18+7 +-
13+5 +- 22+4 +-

17+2 +-
n+o ! 21-1 +-
15-3 
10-5 20-6 +-
14-8 

9-1ot 18-111' 
13+11 23+1o+-
17+8 ......... . 
12+6 +- 21+5 t 
16+3 t ......... . 

11+1 +- 20+0 t 
15-2 +- ......... . 
10-4 +- 19-5 t 
14-7 +- 23-8 t 
18-to+- ......... . 

13-I2+- 22+II+-
17+9 +- ......... . 
11+7 t 21+6 +-
16+4 +-
10+2 t 20+1 +-

I~=~ I . ;5:.:4· t. 
I3-6 23-7 +-
I7-9 ........ .. 
12-II 2I-12t 

t6+zot ......... . 
II +8 +- 20+7 t 
15+5 +- ......... . 
10+3 +- I9+2 t 
I4+o +- 23-I t 

I8-3 +-

:~=~:: -~~:-:~.~-
11-1ot 21-n+-
I6+11+- ......... . 

:~:::i I 9+4 
I3+I 
I7-2 

:~=~ + .~'.:-:~-~-
11-9 +- 20-Io'f' 
15-121' .......... 
Io+1o+- 19+9 t 

:3+~ !: . ~7~~- ~. 
13+2 +- 22+1 t 
17-1 +- ........ 
12-3 +- 2I-4 +-

4-9 I 1-12 

5+8 
2+5 
6+1 

g=~ I 4-9 
1-12 

5+8 

2+5 +-
6+I +-
3-2 +-
0-5 +-
4-9 +-

1-12 .... 

5+8 +-
2+5 +-
6+I +-
3-2 +-

0-5 +-
4-9 +-
1-12+--
5+8 +-
2+5 +-

4+8 I 1+5 
5+1 
2-2 
6-6 

g:j2I 4+8 
1+5 
5+I 

2-2 t 
6-6 t 
3-9 +-
0-12+-
4+8 +-

·1+5 +-
5+I +-
2-2 +-
6-6 +-
3-9 +-

0-12<(-

4+8 +-
1+5 +-
5+I +-
2-2 +-

3+8 I 0+5 
4+1 
I-2 
5-6 

1-2 .iE-
5-6 +-
2-9 +-
6+1t+-
3+8 +-

II-IOI 8+11 
12+7 
9+4 

13+0 

'.Et{ 
8+II 

12+7 

9+4 +­
I3+0 +-

I~=i !: 
11-IOIE-

8+II+-
12+7 +-
9+4 +­

I3+0 +­
I0-3 +-

• 7-6 +­
II-Io+-
8+11+-

12+7 +-
9+4 +-

IO-IOI 7+11 
11+7 
8+4 

12+0 

9-3 t 
I3-7 +-
10-10'"9 

7+11+-
u+7 +-

8+4 +-
12+0 +-
9-3 +-

13-7 +­
IO-lo+-

7+u+-
11+7 +-
8+4 +-

12+0 +-
9-3 +-

13-7 +-
10-1~ 

13+1of 
I0+7 
7+4 

11+0 I 8-3 
12-7 
9-IO 

13+Io 

Io+7 I 7:1-4 
:t+o 
8-3 

I2-7 

8-3 +-
12-7 +-
9-lo+-

13+1o+-
10+7 +-

18-tt{ 15+10 
19+6 
16+3 
20-I 

17-4 I 14-7 
18-II 
15+10 
19+6 

R T 

·;;+9·:i:· :::::::::::: :::::::::::: :::::::::::: 
.......... ............ ............ 7-to+-
23+2 t ................................... . 

. .. .. .. .. . ... .. .. .. .. . . .. .... .. .. . 14-II+-

·;;:.:5·:i:· :::::::::::: :::::::::::: --·;;:..:;;~:: 
·;;+9·:i:· :::::::::::: :::::::::::: :::::::::::: 
.......... ............ ............ 4+II+-

16+3 +- 23+2 +- ................................... . 
20-1 +- ..... .. .. . ... .. .. ..... ... .. ....... tt+to+-
17-4 +- ................................... . 
14-7 +- 21-8 +- . . ... .. .. . .. .. ... . . ... . . t8+9 t 
18-II+- ............................................. . 

15+1o+- 22+9 +- ................................... . 
19+6 +- .. .. . . . .. .. . . . • •. . . .. . . . 1+8 t 
16+3 +- 23+2 +- ................................... . 
20-I +- ..... •• .. • 18+9 t 18-9 +- 8+7 'f' 
17-4 +- ............................................. . 

14-7 +- 21-8 +- .. .... . .. . . . .. . .. .. .. .. . 15+6 t 
18-11+- ................................... . 
15+1o+- 22+9 +- .. . . .. . .. . . . . ... . ..... . 22+5 t 
19+6 +- ................................... . 
16+3 +- 23+2 +- .................................. . 

16-4 19-1 I 
20-8 
17-II 
14+10 

18+6 I 15+3 
19-1 
16-4 
20-8 

17-n.

1 
14+10 
18+6 
15+3 
19-1 

.......... ............ ............ 6+4 +-
23-5 t ................................... . 

..... ..... ............ ............ 13+3 +-

·;;+9·:i;· :::::::::::: :::::::::::: "';(,+;·~· 

·;;+;T :::::::::::: :::::::::::: :::::::::::: 
.......... ............ ............ 3+1 +-

.~::-:~.~- :::::::::::: :::::::::~:: ... ;~+~T 

16-4 t 23-5 t ................................... . 
20-8 +- . . . .. .. . . . .. • .• •• •. . • . . . . .. . . .. . . . 7-3 t 
17-n+- .................................. .. 
14+1o+- 21+9 +- .. ... • . . .. . . . .. .. .. .. . . . 14-4 t 
18+6 +- ............................................ .. 

15+3 +- 22+2 +- .. .. .. .... • . . .... ... .... 22-5 +-
19-1 +- ............................................ .. 

~=a::.~::-:~.~-::::::::::::::::::::::::----;~-~-
17-u+- .. . . • ... .. 4+1o+- 4-1ot .......... .. 

14+1o+- 21+9 +- ... .... ..... ... ...... .. . 12-7 +-
18+6 +- ................................... . 
15+3 +- 22+2 +- .. . .. .. .. .. . .. .... . .. . .. 19-8 +-
19-1 +- ............................................ .. 
16-4 +- 23-5 +- .................................. .. 

*ti'i ;~~~~~~; ~~~~~~~~~~~~ ~~~~~~;~~~~~ ::::;~~~~: 
14+3 + 21+2 t ... ......... ............ 16-111' 

·;;:.:.sT :::::::::::: :::::::::::: ... ;3:.:;;:i;· 
.............................................. 
.~7:-:'.~~- :::::::::::: :::::::::::: ""6+iit' 

·;;+;·:i:· :::::::::::: :::::::::::. --·;4+;*· 
·;~:..:;T :::::::::::: :::::::::::: --·;i+9·~· 
...................... ·········;·· ············ 

16-nt 23-12t .................................. .. 
20+9 t .. ... . .. .. .. . . .. . .. . .. .. ... .. .. .. . 4+8 +-
17+6 +- .................................. .. 
14+3 +- 21+2 +- ...... .... .. ............ 11+7 +-
18-1 +- ............................................. . 

15-4 +- 22-5 +- .. .. .. .. .. .. . . .. .. ... . .. 18+6 t 
19-8 +- ............................................ .. 

~+~'!: .~7:-:'.~~- :::::::::::: :::::::::::: "";+;·:i:· 
17+6 +- .......... 15+11t 15-11+- .......... .. 
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6-7 t 21-8 t 
12-9 +- ......... . 
3-1o+- 17-11t 
8-12t 23+1t+-

14+1o+- .......... 

4+9 t 19+8 t 
10+7 +- ......... . 
t+6 +- 16+5 +-
6+4 t 21+3 t 

12+2 +- ......... . 

1-7 +- 15-8 t 
6-9 t 21-10t 

12-11+-
3-12+- 17+n t 
8+1ot 23+9 +-

14+8 +- .......... 
4+7 t 19+6 t 

10+5 +- ......... . 
1+4 +- 15+3 t 
6+2 t 21+1 +-

12+0 +- ........ .. 
2-I t 17-2 t 
8-3 t 23-4 +-

I~~ r ·;9:.:1T 
Io-8 +- ......... . 
1-9 +- 15-101' 
6-Il t 21-12+-

12+II+- ......... . 
2+1ot 17+9 t 

s+8 +- 23+7 +-

1~+~ t ·;9+4T 
ID+3 +- ......... . 
1+2 +- 15+1 t 

6+o t 21-I +-
12-2 .... 
2-3 t 17-4 t 
8-5 +- 23-6 +-

13-7 t ......... . 
4-8 t 19-9 +-

Io-Io+- .......... 
I-II+- I5-12t 
6+II t 21-Io+-

12+9 +- ........ .. 

2+8 t 17+7 t 
8+6 +- 23+5 +-

13+4 t 
4+3 t 19+2 +-

10+1 +- .......... 

o+o t 15-1 1' 
6-2 +- 21-3 +-

12-4 +- ......... . 
2-5 t 17-6 t 
8-7 +- 23-8 +-

13-9 t 
4-1ot 19-II+-

10-12+-- •..••..... 
o+IIt 15+1ot 
6+9 +- 21+8 +-

II+7 t 
2+6 t 17+5 +-
8+4 +- 23+3 +-

13+2 t 
4+1 t 19+0 +-

JO-I +-
0-2 t 15-3 t 
6-4 +- 21-5 +­

II-6 t 
2-7 t 17-8 +-

8-9 +- 22-1ot 
13-nt 
4-12t 19+n+-

10+1o+- .......... 
0+9 t 15+8 t 
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321 
322 
323 
324 
325 

326 
327 
328 
329 
330 

331 
332 
333 
334 
335 

336 
337 
338 
339 
340 

341 
342 
343 
344 
345 

346 
347 
348 
349 
350 

351 
352 
353 
354 
355 

I 
356 
357 
358 
359 
36o 

361 
362 
363 
364 
365 

366 
367 
368 
369 
370 

6-5 t 
l-7 +-
5-lOt 
0-12+-

4+9 +-

8+6 t 
3+4 +-
7+1 +-
2-I <E-
6-4 +-

o-6 t 
5-9 +-
9-12+-
3+10t 
7+7 t 

2+5 l 6+2 
l+o 
5-3 
0-5 +-

6+3 +-
0+1 t 
5-2 +-
9-5 +-
3-7 t 
8-Io+-

2-121 6+9 
1+7 
5+4 

2- 11+-

6+10+-
1+8 +-
5+5 +-
9+2 +-

UNITED STATES COAST AND GEODETIC SURVEY. 

TABLE '2.-Componerit lwurB deril'ed from solar hourB-Contiuned. 

Q 

16-6 +-
10-8 l 14-II 

9-I-!! 
13+8 

20-9 +-

19+1<>+-
23+7 +-

:H~ i :~'.~~f 
I!-2 +- 20-3 t 
15-5 t ......... . 

10-7 +- 19-8 t 
14-10(- 23-II t 
l8+ut ......... . 
13+9 +- 22+8 t 
17+6 +- ......... . 

12+4 +- 21+3 +-
16+1 +- ......... . 
10-l t Z0-2 +-
15-4 +- ......... . 
9-6 t 19--7 +-

15+2 t 
10+0 +- 19-1 t 
14-3 +- 23-4 t 
18-6 t ·········. 
13·-8 +- 22-9 t 

17-11+- ......... . 
12+!!+- 21+1<>+-
16+8 +-
10+6 t 20+5 +-
15+3 +- ....... ····· 

9+1 t 19+0 +-
13-2 t 23-3 +-
18-5 +-
12-7 t 22-8 +-
16-10t 

u-12t 20+ut 
15+9 t 
10+7 +- 19+6 t 
:~!1 t -~~~~---· 
13-1 +- 22-2 t 
17-4 +-
12-6 +- 21-7 t 
16-9 +- ......... . 
Il-11+- 20-12+-

0+5 +-
4+1 +­
J-2 +-
5-6 +-
2-9 +-

6+!!+-
3+8 +-
0+5 +-
4+1 +-
0-2 t 

4--61 1-9 
5+u 
2+8 
6+4 

7+4 +­
ll +o +-
8-3 +-

12-7 +-
9-lD+-

10+0 l 7-3 
!!-7 
8-IO 

12+rn 

R 

14+3 +- 21+2 +- . .. . . .. .. .. . . . . . . .. .. .. . 8+4 t 
18-1 +- .......... ············ ············ ........... . 
15-4 +- 22-5 +- . . . . . . . . . . . . . . . . . . . . . . . . 15+3 t 
19-8 +- ....................•.........•....•.•......•• 
16-lI+- 23-12+- . . . . . . . .. . . . . . . . . . . . . . . . 22+2 t 

20+9 +- ............................................. . 
17+6 +- ................................... . 
14+3 +- 21 +2 +- . . . . . . . . . . . . . . . . . . . . . . . . 6+1 +-

:J=~ t ·;;:_:5·:i:· :::::::::::: :::::::::::: ···;3+~-~-

18-8 l 15-11 

19+9 
16+6 
20+2 

·;;~~;:r:· :::::::::::: :::::::::::: ···;~~~·+..· 
·;3+5·:i:· :::::::::::: :::::::::::: :::::::::::: 
. .. . . .. . . . . . . .. . . .. .. . . . . . . .. .. . . . 3-2 +-

::~~=+=9~1111 ·;;:_:5·:i:· :::::::::::: :::::::::::: ···;~:_:3·~· 
·;;:_:;;t· :::::::::::: :::::::::::: ···;7:_:4·t' 
.................................. ············ 

~~r l ::~::::: :::::::::::: ::::::::~:~: ::::t~!T 
18-8 +- ............................................. . 

l-9 +-
5-1-lI+-
2+8 +-
6+4 +-
3+1 +-

8-1<>+- 15-u+- 22-12+- . .. . . .. .. . . . . .. . . . . .. . . . 14-7 t 
12+10+- 19+9 +- ................................... . 
9+7 +- 16+6 +- 23+5 +- . . . . . . . . . . . . . . . . . . . . . . . . 22-8 +-

13+3 +- 20+2 +- ............................................. . 
10-l-O +- 17-1 +- . . . . . . . . . . .................................. . 

0-2 +- 7-3 +-
4-6 +- 11-7 +-
1-9 +- 8- lD+-
5-1-lI+- 12+1<>+-
2+8 +-. 9+7 +-

6+4 +-
3+1 +­
o-2 <E-
4-6 +-
1-9 +-

3-61 0-9 
4+u 
1+8 
5+4 

13-1-3 +-
10+0 +-
7-3 +­

ll-7 +-
8-10+-

10-71 7-10 
11+10 
8+7 

12-1-3 

14-4 +- 21-5 +- l-l-12+- l-12t 5-9 +-
18-8 +- ............................................. . 
15-Il<E- 22-12-E- ..... ,, .. ,, ............ , 12-Io+-
19-1-9 +- ............................................. . 
16+6 +-· 23+5 +- . . . . . . . . . . . . . . . . . . . . . . . . 19-u+-

20+2 +- .......... , ................................... . 

iEi E :~'.:~~:~:!:::::::::::: :::::::::::: ::::~~'.~~: 
14-lI'f' 21-12t 1············ ............ 9+ut 

:iH 1 ·;;+5·t· :::::::::::: :::::::::::: ... ;6+;~t-
16-1 ·;3:..:.;·t· :::::::::::: :::::::::::: ···;3:;.9·-,,:· 
20-5 ............................................. . 

2I-I2t : :: :: :: :: :: : : :: :: :: :: :: : · ·· ·6+s· t · 
·;;+5·t· :::::::::::: :::::::::::: ···;4:;.7·~· 

µor 2 MS 

6+7 +- 21+6 ~ 
11+5 t 
2+4 t 17+3 +-
8+2 +- 22+1 t 

13-!-o t ......... . 

4-1 +- 19-2 +-
9-3 t 
0-4 t 15-5 t 
6-6 +- 21-7 +­

II-8 t 

2-9 t 17-10+-
8-II<E- 22-12t 

13-l-u t 
4 +ID+- 19-1-9 +-
9+8 t ......... . 

0+7 t 15+6 +-
6+5 +- 20+4 t 

II-l-3 t 
2+2 t 17+1 +-
8+0 +- 22-l t 

13-2 t 
4-3 +- 19-4 +-

~=~ t ·;5:_:7·~· 
6-8 +- 20-9 t 

II-IOt 
2-Il<E-
8+u+-

13+9 t 
4+8 +-

17-12<E-
22+10t 

19-1-7 +-

7-2 t 22-3 t 
13-4 +-
4-:-5 +- 19-6 +-
~=~ t ·;5:_:9·~· 
6-lo+- 20-I! t I 

1 ~+::t ·;7:;.;~~ 
7+9 t 22+8 t 

13+7 +- ......... . 

4+6 +- 18+s t 
9+4 t 
0+3 +- 15 +2 +-
6+ 1 +- 20+0 t 

ll-1 t ......... . 

371 5+llt 15+10+- . .. .. .. .. . 2+1 t 9+0 t 16-1 t 23-2 t •.••........... ·• .••... · 21+6 +- 2-2 +- 17-3 +-
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TABL~; 42.-Compo11e11t ho1t1'B deriveclfrom solar hours-Coutinuod. 

Day of 
series. v 

··- ----- --------------------
p 111K 2:IIK 

---------·-1------------1----- -------- ,,_.:'·PHH Hp"' H -.:::'~ I 
1 

2 

3 
4 
5 

II-I~ 

7-2 ~ .......... 
3-3 ~ 23-4 t 

19-5 t ........ .. 
15-6 t ........ .. 

6 12-7 ~ ........ .. 
71 8-8 ~ ......... . 
8 4-9 ~ ......... . 
9 0-101' 20-111' 

IO 116-121' ......... . 

II 13+u~ ......... . 
12 9+10.(:- .•••..•••. 

:i 1 ng r ·;;~:1·:,:· 
15 I 17+6 t ........ .. 

16 I 14+5 ~ ......... . 
:§ 1 l~tj := ........ .. 
~~ l~t~ t -~~~'..!. 
21 I 15-1 ~ ......... .1 
22 II-2 .(:- , ,, .••••. ·[ 
23' 7-3 ~ .......... 

~I 1~=i t .~~:-::.!. 
26 i 
21 I 
28 • 

29 ' 
30 I 

16-7 ~ ......... . 
12-8 ~ ......... . 
8-9 ~ ........ .. 
4-101' ........ .. 
0-11 t 21-12-E-

31' 17+11~ ......... . 
32, 13+1~ ........ .. 
33 9+9 i ......... . 
34 5+8 ........ .. 
35 I 1+1 22+6 ~ 

36 18+5 ~ .......... 1 
37' 14+4 ~ ........ .. 
38 I 10+3 i ......... . 
39 6+2 ......... . 
40 I 2+• 23+0 ~ 

:~ i 19-1 ~ .......... 

u · T=i 1 :::::::::: 
45 3 -5 + ..... ; .... 
46 o-6 ~ 20-7 ~ 
47 16-8 ~ .......... 
48 12-9 i 
49 8-JO 
50 4-II 

51 1-12-E- 21+n~ 
52 17+1~ .......... 
53 l~t§ i .......... 54 ·········· 55 5+7 ·········· 
56 2+6 ~ 22+5 ~ 
57 18+4 ~ .......... 
58 •4+3 i .......... 
59 10+2 .......... 
6o 6+1 .......... 

61 3+0 ~ 23-1 ~ 
62 19-2 ~ .......... 
63 15-3 i .......... 
64 II-4 .......... 
65 7-5 .......... 

66 I 4-6 ~ .......... 
67 0-7 ~ 20-8 ~ 
68 16-9 i .......... 
6<) 12-10 •••••••••. 
70 8-II ........... 

71 5-12~ .......... 
72 J + 11-E- 21+10-E-

7.> 17+9 i 74 13+8 
75 9+7 

76 6+6·~ 

77 2+5 ~ 22+4 ~ 
78 18+3 i 
79 14+2 
So 10+1 

5-1 f 1-3 
6-6 
2-8 
8-II~ 

3+11t 
9+8 ~ 
4+6 t 
0+4 ~ 
5+1 t 

6-2 t 
2-4 ~ 
7-7 t 
3-9 ~ 
8-121' 

4+10t 
o+8 ~ 
5+5 t 
1+3 ~ 
6+o t 
2-2 o(-

7-5 t 
3-7 ~ 
8-101' 
4-12~ 

0+1o<E­

s+7 t 
1+5 ~ 
6+2 t 
2+0 .(-

7-3 t 
3-5 ~ 
8-8 t 
4-10~ 

9+ut 

5+9 ~ 
1+7 ~ 
6+4 ~ 
2+2 ~ 
7-1 t 

3-3 ~ 
-8-6 t 
4-8 ~ 
9-nt 
s+u~ 

0+9 t 
6+6 ~ 
2+4 ~ 
7+1 ~ 
3-1 ~ 

8-4 t 
4-6 ~ 
9-9 t 
5-u~ 

o+ut 

6+8 ~ 
t+6 t 
7+3 ~ 
2+1 t 
8-2 ~ 

4-4 ~ 
9-7 ~ 
5-9 ~ 
o-ut 
6+1~ 

1+8 t 
7+5 ~ 
2+3 t 
8+o ~ 
3-2 t 

15-2 t .................... . 
II-4 ~ 21-5 ~ 0-I ~ 
16-7 t 22-2 ~ 
12-9 ~ 22-10<(- •.••.•..••.• 
17-121' 20-3 ~ 

13+10~ 23+9 ~ ........... . 
18+7 t .. .. .. .. .. 18-4 t 
14+5 t .................... .. 
10+3 ~ 19+2 t 16-5 t 
15+0 t .................... .. 

II-It •••.•••••. 
9-2 t ......... . 
7-3 ~ ........ .. 
4-4 t ........ .. 
2-5 t ........ .. 
o-6 ~ 22-7 ~ 

19-8 t ......... . 
17-9 t ........ .. 
15-1o+- •....•.... 
12-ut ........ .. 

lI-2 t ... .. .. .. . 6-1 t 21+2 t 
lI-3 ~ ................................ .. 
10-4 t ... .. . .. .. 17-2 t ~+3 ~ 
9-5 t ..... ..... 8+4 t 

9-6 ~ ..................... 13+5 ~ 
8-7~ .......... 4-31' 19+61' 
7-8 t ................................ .. 
6--9 t .. . .. .. . .. 15-4 t 0+7 ~ 
6-1~ .......... ............ 6+8 t 

11-2 ~ 21-3 ~ 14-6 t 10-12t .... .. . .. . 5-11 t .... .. .. .. .. .... .... . . 12+9 t 
8+11~ ... .. .. ... 4-12t .......... 2-5 t 17+10~ 16-5 t .................... .. 

12-7 ~ 22-8 ~ 13-7 ~ 6+1~ . 4+n~ ..... . .... ..... .. ..... 23+111' 
3+9 t :.::::::::13+1~ .......... 13-6 t .......... .. 17-101' .................... .. 

13-12~ 23+11~ II-8 ~ 1+8 ~ 23+7 ~ 2+9 t ... .. .. . .. ... .. ....... 4+12~ 

18+9 t ..................... . 20+6 t ....... :.. 2+8 ~ .......... ............ 10-IIt 
18+5 t . .. .. ..... 1+7 ~ . .... ..... 0-7 t 15-10~ 14+7~ .......... 9-9~ 

10+5 ~ 19+4 t .......... .. 
15+2 t .. .. .... .. 7-101' 

16+4 ~ .......... · o+6 t 23+5 t ........... 21-9 t 
14+3 ~ .......... 123+4 ~ ... .. ..... 11-8 t .......... .. 

11+0 ~ 20-1 t ........... . ."+2 t .......... 22+3 ~ ..... .... . ... .... .... . 2-!l ~ 

16-3 t ......... · 5-II t 
12-5 ~ 22-6 ~ .......... .. 
17-8 t .... .... .. 3-12t 

:~+:0 -~~:-:'.'.~ ..... ;+;;~:.-
14+9 ~ ................... .. 
9+7 t 19+6 t 0+1~ 

15+4 ~ .. .. .. .. .. 22+9 ~ 
n+2 ~ 20+1 t .......... .. 
16-1 ~ .. .. . .. . .. 20+5 t 

9+1 ~ ......... . 
7+0 ~ ........ .. 
4-1 t ........ .. 
2-2 t ........ . 
0-3 ~ 22-4 ~ 

19-5 t ......... . 
17-6 ~ ......... . 
15-7 ~ ......... . 
12-8 t ......... . 
10-9 t ......... . 

12-3 ~ 21-4 t ............ 8-I~ ........ .. 
17-6 t ......... ·• 18+7 1' 5-nt ........ .. 
13-8 ~ 22-9 t . .. ... . .. .. . 3-12t ......... . 
18-nt .......... 16+6 t 1+11~ 23+1~ 
14+n~ ....................... 20+9 t ......... . 

9+9 t 19+8 t 14+5 t I 18+8 t ........ .. 
15+6 ~ ...................... 

1 

16+1 ~ ........ .. 
10+4 t 20+3 t I 13+4 ~ . 13+6 t ........ .. 
16+1 ~ ..................... -1 lI+5 t ......... . 
12-1 ~ 21-2 t I 11+3 ~ I 9+4 ~ ........ .. 

17-4 ~ . .. .. .. .. . . .. .. .. .. .. .. 7+3 ~ ......... . 

:g=~ r .~~:-::.!.l.. .. :~~-~. 1 ~t: :- :::::::::: 
:~+:~r .~~:-:'.~!.! .... :~'..!. I~~~ r .~::-:'..!. 
15+8 ~ .......... ! 5+0 t 17-3 ~ ........ .. 
10+6 t 20+5 t .. .... .. .. .. 15-4 ~ ........ .. 
16+3 ~ ......... ·1 3-1 t 12-5 t ......... . 
n+1 t 21+0 t ............ 10-6 ~ ........ .. 
17-2 ~ ......... ·1 2-2 ~ 8-7 ~ ......... . 

12-4 t 22-5 t .. . .. .. ... .. 5-8 + ........ .. 
:!=-~ := ·;3:.:;~:,:·I 2~=l := t=?~ ·;;:.:;;:,:· 
19-12~ .......... 

1

....... .... 20-12t ....... .. 
15+1~ . .. .. .. .. . 20-5 t 18+11~ ........ .. 

10+8 t 20+7 t 1 ........... 16+1~ ........ .. 
16+5 ~ .. . .. . .. .. 18-6 t 13+9 t ......... . 
ll+3 t 21+2 t ............ ! u+S t ........ .. 
17+0 ~ .. . .. .. . .. 16-7 t 9+7 ~ ......... . 
12-2 t 22-3 t .......... "\ 6+6 t ........ .. 

18-5 ~ ..... .. .. . 15-8 ~ 4+5 t ......... . 
13-7 t 23-8 t .. .. . .. . . .. 2+4 ~ ......... . 
19-1~ . ......... 13-9 ~ 0+3 ~ 21+2 t 
15-12~ .. .. .. .. .. .. .. .. .. .. .. 19+1 ~ ........ .. 
10+101' 20+9 ~ 11-1~ 17+0 ~ ......... . 

16+7 ~ ..................... . 
u+5 t 21+4 t 9-ut 

14-1 t ........ .. 
12-2 t ......... . 
10-3 ~ ......... . 
8-4 ~ ......... . 
5-5 t ........ .. 

17+2 ~ ..................... . 
12+0 1' 22-I t 7-121' 
18-3 ~ .................... .. 

3-6 ~ ......... . 
1-7 ~ 22-8 t 

20-9 t ......... . 
18-1~ ........ .. 
16-11~ ......... . 

13-~ t 23-6 t 5+II t 
19-li ~ .................... .. 
14-1oi . .. .. .. .. . 4+1~ 
10-12 , 20+u~ ........... . 
15+9 2+9 ~ 

1'1+7 t 21+6 ~ .......... .. 13-121' ......... . 
11+11<(- ••••••.••• 
9+1~ ......... . 
6+9 t ........ .. 
4+8 t ........ .. 

17+4 ~ .......... o+8 ~ 
12+2 t 22+1 ~ 22+7 t 
18-1 ~ .................... . 
13-3 t 23-4 t 20+6 t 

21+2 t .... ...... 23-9 ~ 8-7 t 
21+1 ~ .... .... .. . .. .. .. ..... 13-6 ~ 
20+0 ~ . .. .. .. .. . .. . .. .. .. .. . 19-5 t 

:s=.; + :::::::::: ... '.~:-:'.~ .... ~:.::i·~ .. 
18-3 ~ .......... 21-ll~ 6-3 t 
17-4 ~ ............ ... .. .. .. . ll-2 ~ 
16-5 t .. .. .. . .. . . .. .. .. .. .. . 17-1 t 
16-6 ~ .......... 8-12~ 22-0 ~ 
15-7 ~ ............................... .. 

14-8 1' ..... ..... 19+II~ 4+1 1' 
13-9 t .. .. .. .. .. .. . .. .. .. . .. 10+2 t 
13-1~ . .. .. ... .. .. ... .. ..... 15+3 ~ 

:~=:;+ :::::::::: .... ~~'.~ ... ~'.~~.~ .. 
Il+II~ ... .. .... . 17+9 ~ 2+5 ~ 
10+1~ .......... ....... ..... 8+6 t 
9+9 t .......... ... .... ..... 13+7 ~ 
8+8 t .......... 4+8 ~ 19+8 t 
8+7 ~ ................................. . 

7+6 t .. .. .. .. .. 15+7 t 0+9 ~ 
6+5 t ..... .... . . ...... ..... 6+101' 
6+4 ~ .. .... . .. . .... ... .. .. . u+u~ 
5+3 ~ .... .... .. 2+6 t 17+12t 
4+2 t .......... ............ 22-ll~ 

4+1 ~ .... ..... . 13+5 t .......... .. 
3+0 ~ .......... ....... .... . 4-101' 
2-1 t .......... ............ 9-9 ~ 
I-2 t ......... · 0+4 t 15-8 t 
1-3 ~ ..... .. .. . . .. .. ...... . 20-7 ~ 

0-4 ~ 23-5 1' n+3 1' · .... · · .... · 
23-6 ~ .......... ............ 2-6 ~ 
22-7 ~ .. . .. . .. .. 22+2 t 8-5 t 
21-8 t .......... .. ..... .. .. . 13-4 ~ 
20-9 t .. .. . .. . .. .. .... .. .. .. 19-3 t 

20-1~ .. .. .. . .. . 9+1 t .......... .. 
19-II~ . .. ....... ............ 0-2 ~ 
18-121' . .. .. . .. .. 20+0 t 6--1 t 
18+11<(- • .. •• •• •• . ••• •••• •• •• • 11-0 ..,_ 
17+1~ .. . .. .. .. . ..... .. .. .. . 17+1 t 

:~t~ + :::::::::: .... '.:-:'..! ... ~~:':~.~ .. 
15+7 ~ .... .... .. 19-2 ~ 4+3 t 
14+6 t .......... ............ 9+4 ~ 
13+5 t .......... ,. .. .. .. . .. . 15+5 t 

13+4 ~ .. .. .. .. .. 6-3 ~ 20+6 ~ 
12+3 ~ .................................. . 
11+• t .......... 

1 

11-4 ~ 2+1 t 
10+1 t .......... ... ...... ... 7+8 ~ 
10+0 ~ ......... ·1·........... 13+9 t 

&=; + :::::::::: .... ~:-::.~ ... '.~:':'.~! .. 
8-3 ~ ... .. . .. .. 15-6 ~ o+n~ 
7-4 ~ .......... ......... .. . 6+121' 
6-5 1' ................... · • 11-II~ 

6-6 ~ .. . .. .. .. . 2-7 ~ •1-101' 
5-7 ~ .......... ..... ....... 22-9 ~ 
4-8 t .. .. . .. . .. 13-8 ~ ... .. .. 
3-9 t .......... 

1 

............ · 4:...:a· t 
3-1~ ... .. ....... .... ...... . 9-7 ~ 
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TABLE 42.-Component hours derived from aolar hours-Continued. 

Dayof I MK I I 
_s_er_i_e_s •. I--------'------p------r-----l---2-M_K ____ , ____ M_N ____ , MS __:_~ 

1+0 +- .......... 1 9-5 +- 19-6 +- ..... .. .. . ..... .. .... . 2+7 +- 23+6 t 2-II+- .......... 0-9 +-I 15-6 t I 

91 
92 
93 
94 
95 

¢ 
97 
98 
99 

100 

IOI 
102 
103 
104 
105 

Io6 

:~ 
109 
IIO 

III 
II2 
II3 
Il4 
Il5 

116 
II7 
II8 
"9 
120 

121 
122 
123 
124 
125 

126 

:~ 
129 
130 

131 
132 
133 
134 
135 

136 
137 
138 
139 
140 

151 
152 
153 
154 
155 

156 
157 
158 
159 
16o 

3-1 +- 23-2 +- 5-7 +- 14-8 t .......... 18+5 t 21+5 t .......... 1-12t .. .. ... .. . .... ..... .. . 20-5 +-
19-3 t .......... 0-9 t IO-I~ 20-II+- ........... , 19+4 +- .......... t+II+- ..... .. .. . II-IOt ........... , 
15-4 t .. .. .. .. .. 6-12+- 15+u t 17+4 +- 17+3 +- . . .. .. .. .. 0+1~ 23+9 t ............ · 2-4 t 
12-5 +- . .... .. .. . 1+10t II+9 t 21+8 +- ............ 14+2 t .......... 22+8 t .......... 22-II't 7-3 +-

8-6 +- ......... . 
4-7 +- ........ .. 
o-8 t 20-9 t 

16-1ot ......... . 
13-II+- ........ .. 

9-12+- ........ .. 
5+II+- ......... . 

,;t~of .~'.~~.~. 
14+7 +- ........ .. 

10+6 +- ......... . 
6+5 +- ......... . 

,8t~ + . ~~~:. ~. 
15+1 +- ......... . 

u+o +- ........ .. 
7-1 +- ........ .. 

,~=: + . :::-::. ~. 
16-5 +- ........ .. 

12-6 +- ........ .. 
8-7 +- ......... . 

~=~ +··;;,:.:;~:,:· 
17-II+- ......... . 

13.-12+- ........ .. 
9+II+- ......... . 

it~0+ . ;;+9·:,:. 
18+7 +- ........ .. 

14+6 +- ........ .. 
10+5 +- ........ .. 

~tit ·;;+;·:,:· 
19+1 +- ........ .. 

15+0 +- ......... . 
II-I+- ......... . 

~=; + ·;3:.:4·:,:· 
20-5 +- ........ .. 

16-6 +- ........ .. 

'8=~ +-t :::::::::: 
4-9 ......... . 
0-10 21-11+-

17-12+- ......... . 
l3+n+- ......... . 
9+rnt ........ .. 

it§ + ·;;+7·~· 
18+6 +- ........ .. 
14+5 +- ........ .. 
10+4 t 
6+3 t 
3+2 +- 23+1 +-

:~~! ! :::::::::: 
7-3 + ........ .. 
4-4 +- ......... . 

0-5 +- 20-6 +-
16-7 i ........ .. 
12-8 ........ .. 
8-9 ......... . 
5-1~ ........ .. 

l-ll<E- 21-12+-

17+11i ........ .. 
13+10 ........ .. 
9+9 ......... . 
6+8 +- ........ .. 

2+7 +- 22+6 +-
'18+5 t 
14+4 
10+3 
7+2 +-

7+7 +- 16+6 t 15+3 +- 12+1 t .......... 22+1 +- .. ·........ ... .. .. .. .. . 13-2 t 
2+5 t 12+4 t 22+3 +- ............ 10+0 +- .......... 21+6 +- ... .. ..... ... .. .. .. .. . 18-1 +-
8+2 +- 18+1 +- .. .. . .. . .. 13+2 +- 7-1 t 20+5 t .... .. .. .. 9-12t .......... . 
3+0 t 13-1 t 23-2 +- ........... 5-2 t :::::::::: 20+4 +- .......... ............ o-o t 
9-3 +- 19-4 +- .......... 11+1 t 3-3 +- .......... 19+3 +- .......... 20+II't 5-1 +-

~=t+ 
14-6 t 
10-8 +-
15-II t 
u+II+-
16+8 t 

. ;;,:.:9· ~-. "'9+~·:,:. 
·;;+;~· .... 7:..:;·:,:· 

1-4 +- 22-5 t 18+2 t ... .. .. .. . ... .. ..... .. n+2 t 
20-6 +- .......... 17+1 -+ . .. .. ... .. . .. .. .. .. ... 17+3 t 

1-12+ 
1+9 +-

18-7 +- . .. .. .. . .. 17+0 +- .. .... .. .. 7+1ot 22+4 +-

:~=~ + : :: :: :: :: : :~=; + : :: :: :: :: : ... i8+9·:,: ... ·4+5·:,: .. 
2+1 t 
8+4 +-
3+2 t 
9-1 +-
4-3 t 

Et+-I 
6+n 
2+9 

8+6 +-
3+4 t 
9+1 +-
4-1 t 
0-3 +-

5-6 t 
1-8 +-
6-ut 
2+II+­
;+8 t 

~t~ 1 
4+1 + 
0-1 +-
5-4 t 
1-6 +-
6-9 t 
2-11+-
1+10t 
3+8 +-

8+5 t 
4+3 t 
0+1 +-
5-2 t 
1-4 +-

6-7 t 
2-9 +-
7-12t 
3+1~ 
8+7 t 

4+5 +-
0+3 +-
5+0 +-
1-2 +-
6-5 1' 

12+6 +- 22+5 +- 6-2 +- II-I~ ......... 

gtt t ·;3+~·~- .... 4:..:3·~- z=:;r :::::::::: 
18-2 .... . .. ... . ..... ...... 4+II+- ......... . 
14-4 . .. .. .. .. . 2-4 +- I 2+1~ 23+9 t 

10-6 +- 20-7 +- .. .. . .. .. .. . 21 +8 t ......... . 
15-9 t .. . .. .. .. . 0-5 t I 19+7 +- ......... . 
II-II+- 21-12+- 22-6 t 16+6 t ........ .. 
16+1ot ..................... " 14+5 t ........ .. 
12+8 +- 22+1 +- 20--1 t I 12+4 +- ......... . 

17+5 t .................... 00 1 10+3 +- ........ . 
13+3 +- 23+2 +- 18-8 t I 1+2 t ........ .. 
18+0 t .......... '"':"""' 5+1 t ........ .. 
14-2 t .......... ,,-9 +-I 3+0 +- ......... . 
10-4 +- 19-5 t .. . .. . . .. .. . 0-1 t 22-2 t 

15-7 t 15-1~ I 20-3 +- ........ .. 
II-9 +- 21-1~ ............ I 18-4 +- ........ .. 
16-12t 13- 11+- 15-5 t ........ .. 
12+1~ 22+9 +- .. .. .. .. . .. . 13-6 +- ......... . 
17+7 t 11-121' 11-7 +- ......... . 

13+5 +- 23+4 +- ........... . 
18+2 t 9+II't 

8-8 t ......... . 
6-9 t ........ .. 

14+0 +- ..................... . 
I0-2 +- 19-3 t 7+1ot 

4-1~ ......... . 
2-II+- 23-12t 

15--5 +- ..................... . 21+n+- ......... . 

II-7 +- 20-8 t 6+9 +-
16-101' ..................... . 
12-12+- 21+n t 4+8 +-

19+1~ ......... . 
16+9 t ........ .. 
14+8 t ........ .. 

17+9 t .................... . 
13+7 +- 23+6 +- 2+7 +-

12+7 +- ........ .. 
10+6 +- ........ .. 

18+4 t .................... .. 
14+2 +- . .. .. . .. .. o+6 t 
9+0 t 19-1 t 22+5 t 

15-3 +- ..................... . 
II-5 +- 20-6 t 20+4 t 

7+5 t ........ .. 
5+4 +- ........ .. 
3+3 +- ......... . 
0+2 t 22+1 t 

20+0 +- ......... . 

16-h +- ..................... . 
12-1~ 21-nt 19+3 +-

17-1 t ........ .. 
15-2 t ........ .. 

17+IIt ..................... · 

:gti t -~~~~-~- ... '.'.~~-::-. 
13-3 +- ......... . 
11-4 +- ........ .. 
8--5 t ......... . 

14+4 +- .......... 15+1 +-
9+2 t 19+1 t .......... .. 

15-1 +- .......... 

1 

13+0 t 
10-3 t 20-4 t .......... .. 
16-6 +- ........... 11-1 t 

6-6 t ......... . 
4-7 +- ........ .. 
1-8 t 23-9 t 
21-1~ .......••• 
19-11+- ......... . 

2-7 +- II-8 t 21-9 t ......... '"I 16-12t ........ .. 
7-10t 17-II+- .. .. .... .. 9-2 t 14+11+-
3-12+- 13+11+- 22+rot ............ I 12+ 1~ ......... . 
8+9 t 18+8 +- .... .. .. .. 8-3 +- 9+9 t ........ .. 
4+7 +- 14+6 +- 23+5 t .. ... .. .. .. . 7+8 t ......... . 
9+4 t 19+3 t .. .. .. .... 6-4 +- S+7 +- ......... · 
5+2 +- 15+1 +- .. . ..... .. .. .. .... ... . 3+6 +-
1+0 +- IO-I t 20-2 t 4-5 +- 0+5 t 22+4 +-
6-3 +- 16-4 +- ...................... 20+3 +- ......... . 
2-5 +- II-6 t 21-7 t 2-6 t 17+2 t ........ .. 

7-8 t 

~+:~ 
4+9 +-
9+6 t 

5+4 +-
0+2 t 
6-1 +-
1-3 t 
7-6 +-

17-9 +- .................... . 
12-11 t 22-12t 0-7 t 
18+1~ .... ...... 22-8 t 
14+8 +- 23+1 t I .......... .. 
19+5 +- .......... 21-9 +-

15+3 +- .................... . 
10+1 t 20+0 t 19-1~ 
16-2 +- ..................... . 
II-4 t 21-5 t 17-II+-
17-7 +- .................... .. 

15+1 t 
13+0 +­
IO-I 'f' 
8-2 t 
6-3 +-

4-4 +- .......... 
1-5 t 23-6 t 

21-7 +- ........ .. 
18-8 t ......... . 
16-9 t ......... . 

15-3 +- ...................... [ 9+6 +- • 
14-4 +- .. . .. .. .. . . .. .. .. .. .. . 15+7 t 
13-5 t .. . .. .. .. . 5+8 t 20+8 +-

:~~ !. :::::::::: '"i6+7't·1·· .. ;+9·:,: .. 
II-8 t .......... ............ 7+1~ 
10-9 t .......... ..... ....... 13+IIt 
10-1~ ..... .. .. . 4+6 +- 18+12+-§=:;r :::::::::: ... ;;+;·~· ... ~:..:;;:,: .. 
8+II+- ..... .. .. . . .. .. .. .. .. . 5-1~ 
1+1~ ...................... II-9 t 
6+9 t .. .. .. . .. . 2+4 +- 16-8 +-
5+8 t ...................... 22-7 t 
5+7 +- .. . .. .. . .. 13+3 +- ........... . 

4+6 +- .. .. ... .. . .. . .. .. . .. .. 3-6 +-
3+5 t .......... ....... ..... 9-5 +-
3+4 +- . .. .. .. .. . 0+2 +- 15-4 t 
2+3 +- .. .. . .. . .. .. .. .. .. .. .. 20-3 +-
1+2 t II+I +- .......... .. 

0+1 t ... ....... ...... ..... 2-2 t 
o+o +- 23-1 +- 22+0 +- 7-1 +-

22-2 t .. .. .. .. .. .. . .. .. .. .. . 13-0 t 
22-3 +- .. .. .. .. .. .. .... . .. .. . 18+1 +-
21-4 +- .......... 9-1 +- .......... .. 

20-5 t ..................... . 
19-6 t .......... 20-2 t 

:~=~ t :::::::::::::::::::::· 
17-9 t .. . .. .. .. . ' 7-3 t 

0+2 t 
5+3 +­

II+4 t 
16+5 +-
22+6 t 

:~=:~ .......... '"jg:.:4·:,:· '"3+7':C.:" 
15-12t .. ...... .. ... .. .. ... .. 9+8 t 
14+11 t . .. ..... .. .. . .. .. .. .. . 14+9 +-
14+1~ .......... ' 5-5 t 20+1ot 

:~t~ t :::::::::: "';6:.:6·:,:· "·;+;;:,: .. 
12+7 +- .. .. .. . .. . . .. .. .. .. . .. 1+12+-
11 +6 +- .......... ... ......... 13-111' 
10+5 t .. .. .. .. .. 3-7 t 18-IO+-

I0+4 +- ............................... .. 
9+3 +- .. . .. .. .. . 14-8 t 0-9 t 
8+2 t ... ....... ............ 5-8 +-
7+1 t ....... '" ......... " · II-7 t 
7+0 +- .......... 1-9 t 16-6 +-

6·-I +- .. , .............. '".. 22-5 t 
5-2 t . .. . .. .. .. 13-1~ . 
5-3 +- ..................... . 

1=~ t ::::::::::l""~:.:;;~.:.-
2-6 t ...................... 20-I t 
2-7 +- . .. .. .. .. . 11-12+- ........... . 
1-8 +- ..... ..... ..... .. .. .. . 1-0 +-
0-9 t 22+ 11+- 7+ I t 
0-1~ 23-11~ . .. .. . . .. . . . 12+2 ~ 

22-12t . .. .... .. . ... .. .. .. .. . 18+3 t 
21+11t .......... 9+1~ 
21+1~ ........................ ~+:i·:i: .. 

1 
~t~ + :::::::::: ... ".'.'~:.~. ,it~ t 
19+7 +- ................... : . . 16+7 +-
18+6 +- .. . .. .. .. . 7+8 +- 22+8 t 
17+5 t ................................ . 
16+4 t .. ... .. . .. 18+7 ~ 3+9 +-
16+3 +- .... .. .. .. .. .... .... .. 9+rnt 
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TABLE 42.-Compotumt 1wur8 derived/rum 8olar hour8-Continued. 

Day ofl 
series 

-------
161 I 34-• +- 23+0 +-

:~~ :~=; l : : : : : : : : : : 
164 11-3 + ......... . 
165 S-4 +- ......... · 

166 4-5 +- ......... . 
167 o-6 +- 20-7 t 
I68 I6-8 t ......... . 
169 12-9 t ... ······. 
170 9-1~ ·········· 

g=~I:: 
4+11+-
9+8 t 
5+6 +-

0+4 t 
6+1 +-
1-1 t 

~=~r 

p MK 

I2-9 t 22-Iof I5-I2f 
18-12+- ..................... . 
13+1ot 23+9 t 13+111' 
19+7 +- ..................... . 
14+5 1' . . . . . .. . . . n+1ot 

rn+3 1' 20+2 +- ........... . 
16+0 +- . . . . . . . . . . 10+9 +-
11-2 1' 21-3 +- ........... . 
17-5 +- . . . . . . . . . . 8+8 +-
I2-7 1' 22-8 1' ....... •• .. . 

I71 
I72 
I73 
174 
175 

5-11+- . . . . . .. . . . 8-9 +­
I-12+- 21+11 f 4-11+-

17+1of .......... , 9+1~ 

18-1~ . . . .. . . . . . 6+7 +-
13-121' 23+11 t ........... . 

I76 
I77 
I;S 

:~ 

201 
202 
203 
204 
205 

211 
2I2 
2I3 
214 
215 

216 
217 
218 
219 
220 

13+9 1' · ·· .. · · · · · 5+8 +-
10+8 +- .......... o+6 t 

19+9 +- 4+6 t 
I4+7 t 
I0+5 t ·~+4·~· ····;+5·:i:· 

6+7 +-.+6 +- . ;;+5· t. 
18+4 t 
14+3 t 
11+2 +- ......... . 

7+I +- .... : .... . 
3+0 +- 23-I t 

I9-2 t ......... . 
15-3 t ...•...... 
12-4 +- ......... . 

8-5 +- ......... . 
4-6 +- ......... . 

I~=~+ .~:-:~.~-
I3-1~ ......... . 

9-n+- ......... . 
5-12+- ......... . 
1+u t 21+Iot 

I7+9 t ......... . 
14+8 +- ......... . 

Io+7 +- ......... . 

~t~ t ·;;+4·:,:· 
19+3 +- ......... . 
15+2 +- ......... . 

11+I +- ......... . 
7+0 t ......... . 
3-1 t 23-2 t 

20-3 +- ......... . 
16-4 +- ....••.... 

12-5 +- ......... . 
8-6 1 ·········· 
~=~ + ·;i:..:9·~· 
17-1~ ......... . 

Itt~U : ii2 i: 
18+8 +- ......... . 

14+7 +- ......... . 
rn+6 f ......... . 
6+5 ·········· 
2+4 23+3 +-

I9+2 +- ......... . 

:n~ +-f :::::::::: 
7-I ........ . 
3-2 ·········. 
0-3 +- 20-4 +-

:~=i +-f :::::::::: 
8-7 ......... . 
4-8 ......... . 
1-9 +- 21-1~ 

17-11+- ......... . 
13-12; ......... . 
9+u ......... . 
5+10 ......... . 
2+9 +- 22+8 +-

18+7 +- ......... . 
14+6 f 
10+5 
6+4 
3+3 +- 23+2 +-

6+3 +­
I+I f 
7-2 +-
2-4 t 
8-7 +-

3-9 t 
9-12+-
4+1ot 
o+8 t 
6+5 +-

1+3 t 
7+0 +-
2-2 t 
8-5 +-
3-7 t 

~~:ri 
5+7 
I+5 

7+2 +-
2+0 t 
8-3 +-
3-5 t 
9-8 +-

4-1ot 
0-12+-
5+9 t 
I+7 +-
6+4 t 

;:q 
~=g +-
4-8 t 
0-1~ 

5+11t 
1+9 +-
6+6 t 
2+4 +-

3-I 7+i ! 
8-4 
4-6 
o-8 +-

5-nt 
1+11+-
6+8 t 
2+6 +-
7+3 t 
3+1 +-
8-2 t 
4-4 +­
o-6 +-
5-9 t 

:~t~ + ·;;:.:;·~· ····~+.i"t· 
I7-3 +- . . . . . . . . . . 22+3 t 
12-5 1' 22-6 +- ........... . 
I8-8 +- . . . . . . . . . . 21+2 +-

13-1ot 23-11 t ........... . 
I9+11+- . . . . . . . . . . I9+• +-
14+9 1' ·········. ············ 
Io+7 +- 20+6 +- 17+0 +-
I5+4 f •••••·•••• •••••••••••· 

I5-I t 
. ;;-:.:4· ~· ... ;3:.:;· :,:-
· ;3:.:9·~· ···;;:..:3·t. 

I9-II+- ..................... . 
14+11t ..... ..... 10-4 +-
Io+9 +- 20+8 +- ........... . 
I5+6 t . . . . . . . . . . 8-5 +-
n+4 +- 21+3 +- ........... . 

I6+I t . . . . . .. . . . 6-6 +-
12-1 of.- 22-2 ~ ........... . 
I7-4 1 .......... 4-7 t 

:~=~ + . ~~:-:-'.. ~- .... ;:..:5· t. 
14-11t 
IO+II+- ·~+i*" ····~:.:9·:,:· 
15+8 t . . . . . . . . . . 23-1~ 

II+6 +- 21+5 +- ····· •· •••· • 
I6+3 t . . . . . . . . . . 2I-u+-

I2+1 +- 22+0 +- ........... . 
I7-2 t . .. . . . . . . . I9-12+-

:~=it-~~::~.~- ···;;+;it" 
14-9 +- ..................... . 

IO-II+- I9-12f I5+Iof 
I5+10t ............•......... 
u+8 +- 20+7 t I3+9 t 
16+5 t ...................... . 
12+3 +- 22+2 +- 12+8 +-

17+0 t .......... ············ 

:~=~ t -~~:-:~.~- ... '.~~'..~. 
I4-7 +- . .. . . . . . . . 8+6 +-
10-9 +- I9-10t ........... . 

15-12+- . . . . . . . . . . 6+5 t 
11+1~ 20+9 1' ........... . 
16+7 t ..... ..... 4+4 t 
12+5 +- 21+4 t ........... . 
17+2 t . .. .. ..... 2+3 t 

13+0 +- 23-1 +- ........... . 
18-3 t . .. .. .. . . . I+2 +-
14-5 +- . . . . . . . . . . 23+1 +-
9-7 t I9-8 t ····· ...... . 
15-1~ . .. .. .. .. . 21+0 +-

1-11+- 10-12t 20+nt ........... . 
6+rnt 16+9 +- . .. .. .. .. . 19-I t 
2+8 +- 12+7 +- 21+6 t ........... . 
7+5 t I7+4 +- . . . . . . . . . . I7-2 t 
3+3 +- 13+2 +- 22+I t ........... . 

8+o t I8-1 t . . . . . . . . . . 15-3 t 
4-2 +- 14-3 +- ..................... . 

~=i:: -I~=§ t .'.~~~-~ .... '.~~~-~. 
I-9 +- Io-10t 20-111' 12-5 +-
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14-1~ ......... . 
12-11~ •.••.••••. 
9-12t ......... . 
7+1I+- ......... . 
5+1~ ......... . 

~t~ + . ;;+7· ~:: 
20+6 +- ......... . 
17+5 1' ......... . 
15+4 +- ......... . 

13+3 +- ......... . 
10+2 1' ......... . 
8+1 t ......... . 
6+o +- ......... . 
4-1 +- ......... . 

I-2 t 23-3 +-
21-4 +- ......... . 
18-5 t ......... . 
16-6 t ......... . 
14-7 +- ......... . 

11-8 t ····· .... . 
9-9 t ......... . 
7-1~ ......... . 
5-11+- ......... . 
2-12t 

0+111 22+1~ 

:~t~ + :::::::::: •5+l +- ......... . 
13+ +- ......... . 

Io+5 t ......... . 
8+4 +- ......... . 
6+3 +- ......... . 

it~+·;;+~·~· 
21-1 +- •••••••••• 
18-2 t ·········· 
16-3 +- ......... . 
14-4 +- .....•.... 
11-5 t ......... . 

9-6 t ......... . 

i=~ r :::::::::: 
2-9 t ·········· 
0-1~ 22-11+-

I9-121' ......... . 
17+11t ......... . 
15+1~ ......... . 
12+9 t •......... 
10+8 t •......... 

8+7 +- ....•..... 
6+6 +- ..•....... 
3+5 t ......... . 
I+4 +- 23+3 +-

20+2 t ......... . 

I8+I t ·········. 
16+0 +- .....•.... 
14-I +- ......... . 
11-2 t .•........ 
9-3 +- ......... . 

7-4 +- ......... . 
4-5 t ·········· 2-6 t ......... . 
0-7 +- 22-8 +­

I9-9 f •••••·••·· 

17-1~ ......... . 
15-11+- ......... . 
12-12t ......... . 
10+11t ......... . 
8+1~ ......... . 

5+9 t ......... . 
3+8 t ......... . 
1+7 +- 23+6 +-

20+5 t ......... . 
18+4 t ......... . 

16+3 +- ......... . 
I3+2 t ......... . 
11+1 t ......... . 
9+0 +- ......... . 
7-I +- ...•••.... 
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:~+: + :::::::::· ····;+6·:i:· ~tgr 
14+0 +- ................................. . 
13-1 +- . .. .. .. .. . 16+5 1' l-ll+-
12-2 t . .. . . .. . . . . .. .. .. . . . . . 7-10t 

8-8 +- . . . . . . . . . . . . . . . . . . . . . . 10-5 +-
7-9 t . .. .. .. . . . 1+2 1' 16-4 +-

l=:~ :::::::::: ···;;+;·:,:- --~~:-:~.~--
5-I2t • •• •• .... • • •• • • .... • • • 3-2 +-

4+11f ..... ..... 23+0 t 9-I t 
4+1~ . .. . . .. . . . . . . . . . . . . . . . 14-0 +-
3+9 +- . . . • . . . . . . . .. . . . . . . . . . 20+I t 
2+8 t . .. .. .. . . . 10-1 t ........... . 
2+7 +- . .... .. .. . . .. .. .. .. . . . 1+2 +-

1+6 +- . .. .. .. .. . 21-2 t 7+3 t 
0+5 t 23+4 t . . . . . . . . . . . . 12+4 +-

•3+3 +- . .. . . . . . . . . . . . . . . . . . . . 18+5 1' 
22+2 t . . . . . . . . . . 9-3 +- 23+6 +-
21+1 t ....................... . 

21+0 +- . .. .. .. .. . 20-4 +- 5+7 t 
20-1 +- . . . . . . . . . . . .. . . . . . . . . . 10+8 +-
19-2 t • . . . . . . . . • . . . . . . . . . . . . 16+9 t 
18-3 t . .. .. ..... 7-5 +- 21+1~ 
18-4 +- .............•..................•. 

I7-5 t . .. . . .• . . . I8-6 +- 3+11 t 
I6-6 t •.•.. ..•.. •••••••..... 9-12t 
16-7 +- . • . . . . . . . . • • • • . . . . . . . . I4- II+-
15-8 +- . •. . . .. •. . 5-7 +- 20-1ot 
14-9 t •......••............. ··•········· 

14-I~ . . . .. . . . . . I6-8 +-
13-n+- ......•...•..••.•..... 
12-12t ·········· ............ . 
u+11 t . .• • . . . •• • 3-9 +-
11+1~ .............•........ 

I-9 +-
7-B t 

I2-7 +­
I8-6 f 
23-5 +-

10+9 +- . . . .. .. .. . I4-l~ ........... . 
9+8 t ..••...... •••...•..•.. 5-4 t 
9+7 +- . . . .. . . . . . . .• .• .. .. . . . I0-3 +-
8+6 +- . .. . . . . . . . I-11 t 16-2 t 
7+5 t • . . . • . . . . . . .• . . . . .. . . . 2I-I +-

6+4 t . .•.. .. .. . l2-I2t 
6+3 +- .......... •••········· ···3:.:~·:i:-· 
5+2 t . .. •• .. . . . 23+u t B+I +-
4+I f ••• ••••••• ••••••••••• • I4+2 f 
4+0 +- . .. .• •. • . . . .. .. .. .. . . . I9+3 +-

3-I +- . . • •. . . . . . Io+Iot .......... . 

::; t :::::::::: ···;;+9·:i:- ~t~ t 
1-4 +- • .. . . . . . . . . •. •. •. .. . . . I2+6 +-
0-5 t 23-6 t . .. .. .. .. .. . I8+7 t 

23-7 +- . . . . • • . . . . 8+8 t 23+8 +-
22-8 +- •......•....•••................... 
2I-9 t . . . . . .. . . . I9+7 t 5+9 t 
20-Iof . . . .. .. . . • . .. .. .• .. . . . Io+1~ 
20-11+- . . . .• .. . . . . . . . . . . . . . . . I6+u t 

:~+::+ :::::::::: .... ~~~.~- .. ~'.~'.~ .. 
18+1~ . .. .. .. .• . 18+5 +- ~-11t 

:iti t :::::::::: :::::::::::: 14=~°t 
16+7 +- . . . . . . . . . . 5+4 +- I9-8 +-
I5 +6 +- .......... ••• • • .. •••• · • •• • · •• •• .. . 
I4+5 t . . . . . .. . . . I6+3 +- I-7 t 
13+4 t ........... - .• • • .. • . . .6-6 +-
13+3 +- . . . .. . . . . . . .. . . . . .. . . . 12-5 t 

12+2 +- . . • . . . . . . . 3+2 +- I7-4 +-
11 +I f . •• •· •• •• • • •• •• •• •••• • 23-3 +­
u+o +- ••••. .. •. . I4+I +- .•••.•••...• 
IO-I +- ... •• •• • • · ··•••• • • •• •• • 5-2 f 
9-2 t . . . . . . . . . . . •••. •. ••••. IO-I +-

8-3 t . .. .. .. . . . I+o +- I6-o t 
8-4 +- .•......... ··-· .• .. . . . 2I+I +-
1-5 t • . . .. • • . . I2-I +- ......... . 
6-6 t ····•····· .•........... ·3+2 t 
6-7 +- . • . . . . . . . . 23-2 +- 8+3 +-
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271 
272 
273 
274 
275 

276 
277 
278 
279 
28o 

291 
292 
293 
294 
295 

296 
297 
293 
299 
300 

UNITED ST.ATES COAST AND GEODETIC SURVEY. 

TABLE 42.-Component hours derived from solar hou1·s-Continued. 

19+1 +- ......... . 
15+0 t ·········· II-I ......... . 

7-2 ••• '' ''•·'I 
4-3 +- ··········i 

0-4 +- 20-5 +-I 
16-6 t ·········· 12-7 ......... . 
8-8 ......... . 
5-9 +- .......... , 

1-1~ 21-11t i 
~~+~~+ ........ .. 
10+10<E- ...•...••. 

6+9 +- ·········· 

2+8 +- 22+7 t 
18+6 t ......... . 
14+5 t ......... . 
11+4 +- .•........ 
7+3 +- ......... . 

3+2 +- 23+1 t 
19+0 t ......... . 
15-1 t .... , .... . 
12-2 <E- .•••••.••• 
8-3 +- ......... . 

4-4 +- ......... . 
0-5 t 20-6 t 

16-7 t ·········· 
13-8 +- ·········· 9-9 +- ......... . 

5-1~ ......... . 
l-llt 21-12t 

l7+11t 
14+1~ ......... . 
10+9 +- ......... . 

6+8 +- ......... . 
2+7 t 22+6 t 

18+5 t 
15+4 +- ...••..... 
11+3 +- ......... . 

7+2 +- ·········· 

l~~: t .~:~~-~-
16-2 +- ·········· 
12-3 +- ·········· 

8-4 +- ......... . 

~=gt ·;;,:.:7·:r:· 
17-8 +- .....•.... 
13-9 +- ......... . 

9-1~ ..•....... 

i=:~+ . ;;+;; t. 
18+1~ ......... . 
14+9 +- ·········· 

10+8 +- ......... . 

~tl t ·;;+5·:i:· 
19+4 +- .......•.. 
15+3 +- ......... . 

11+2 +- ......... . 
7+1 t 
3+0 t 23-1 t 

20-2 ~ ·········· 
16-3 +- .....•.... 

T::i i :::::::::: 
l-7 +- 21-8 +-

17-9 +- ......•... 

13-1of ....•..... 
9-11 .......•.. 
5-12 
2+11+- 22+1~ 

18+9 +- ......... . 

t4+8 f ......... . 
10+7 ......... . 
6+6 
3+5 +- 23+4 +-

19+3 +- ..•••..... 

6-12t 
2+1~ 
7+7 t 
3+5 +-
8+2 t 
4+0 +-
9-3 t 
5-5 +-
0-7 t 
6-IO<E-

2-12~ 

7+9 +­
~+7 +-
0+4 t 
4+2 +-

9-l t 
5-3 +-
0-5 t 
6-8 +-
1-10t 

7+11+-

gti ::: 
4+4 +-
9+1 t 

5-1 +-
0-3 t 
6-6 +-
1-8 t 
7-11+-

2+u t 
8+8 +-
3+6 t 
9+3 +-
5+1 +-

0-1 t 
6-4 +-
1-6 t 
7-9 +-
2-llt 

8+rn+-
3+8 t 
9+5 +-
4+3 t 
0+1 1' 

6-2 +-
1-4 t 
7-7 +-
2-9 t 
8-12+-

3+rnt 
9+7 +-
4+5 t 
0+3 +-
5+0 t 

6=~ 1 
2-7 + 
8-l~ 
3-12t 

9+9 +-
4+7 t 
0+5 +-
5+2 t 
l+O +-

4+9 t 
0+7 +-
5+4 t 
1+2 +-
6-1 t 

;=~ t 
3-8 +-
8-nt 
4+11t 

p MK 

16+n+- ..................... . 
11+9 t 21+8 t l0-6 +-
17+6 +- ..................... . 
13+4 +- 22+3 t 8-7 +-
18+1 +- ..................... . 

14-l +- 23-2 t 6·-8 t 
19-4 t ·········· ···········. 
15-6 +- ..... .... 4-9 t 
l0-·8 t 20-9 t ........... . 
16-IJ+- . . . . . . . . . . 2-10t 

n+11t 21+101' ........... . 
17+8 +- . .. . . . . . . . l-11+-
12+6 t 22+5 t 23-12+-
18+3 +- ..................... . 
13+1 t 23+0 t 21+11+-

19-2 +- ..................... . 
15-4 +- . . . .. .. . . . l9+10t 
l0-6 t 20-7 +- ........... . 
16-9 +- . . . . . . . . . . 17+9 t 
11-ll t 21-12t ........... . 

2MK 

4-2 t ......... . 
2-3 +- ·········· 
0-4 +- 21-5 t 

19-6 t ......... . 
17-7 +- ·········· 

15-8 +- ......... . 
12-9 t ·········. 
IO- IO<E- ..... , ... . 
8-11+- ......... . 
5-12t ......... . 

3+11 t ......... . 
1+10+- 22+9 t 

20+8 t ......... . 
18+7 +- ·········· 
16+6 +- ·········· 

13+5 t ·········· 
II +4 t • ·• •• •• · · · 
9+3 +- ·········· 6+2 t ......... . 
4+1 t ·········· 
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5-8 +- ......................• 14+4 t 
4-9 t .......... ..... ....... 19+5 +-
3-lOt . .. .. .• .. . 10-3 t ........... . 
3-n+- ..... ..... ..... ....... 1+6 t 
2-12t 21-4 t 6+7 +-

1 +n t ...................... 12+8 t 
1+10+- ............... ······· 17+9 +-
0+9 +- 23+8 t 8-5 t 23+10t 

22+7 t ................................ . 
22+6 +- .,... .••.. 19-6 t 4+11+-

21 + 5 t . .. .. .. .. . . .. . . . . .. . . . 10+12t 
20+4 t . .. .. .. .. . . . . . . .. . . .. . 16-11 t 
20+3 +- ..... ..... 6-7 t 21-l~ 
19+2 +- .......... ············ ........... . 
18+1 t . •. .. .. . . . 17-8 t 3-9 t 

18+0 +- ·········· ............ 8-8 +-
17-1 +- . .. .. .. .. . . .. .. . . .. . . . 14-7 t 

:~=~ t :::::::::: .... ~:-:: .. ~ ... '.::-:6.~ .. 
15-4 +- ... .. ..•.. ls-10t 1-5 t 

17+1~ . . . .. . . . . . 15+8 t 
12+8 t 22+7 t ........... . ~~~::: ·;;:.:;·:n :~=~ t" :::::::::: :::::::::::: 6-4 +-

12-3 t 
17-2 +-
23-1 t 

18+5 +- . . . . . . . . . . 14+7 +-
13+3 t 23+2 t ........... . 
19+0 +- . . . .. .. . . 12+6 +-

19-3 t ......... ·113-7 +-. .. .. ..... 3-11+-
17-4 +- . . . . . . . . . . 12-8 +- ..................... . 
14-5 t .......... ll-<' t . .. .• .. . . . 14-12+-

:~=: t ·;;,:.:5·~· ···;~+5·~· 
16-7 +- ..................... . 
11-9 t 21-1~ 8+4 t 
17-12-E- .......... ···········. 

l2+10t 22+9 t 6+3 t 
18+7 +- .......... ············ 
13+5 t 23+4 t I 4+2 t 

19+2 +- ··········1············ 14+0 t . . . .. .. . . . 3+1 +-............ 
:~=~ +-i -~~:-:~.~r··;+~·~ 
:6::::{o . ~'. :-:~. ;:-.... ~7:-:'.. ~. 
12-12 22+n<E- / 21-2 t 
18+9 +- ..................... . 
13+7 t 23+6 t 19-3 t 
19+4 +- .......... ············ 
14+2 t . . . .. .. . . . 17-4 t 
10+0 o(- 20- I <E- •••.••.•.••• 

15-3 t . . . . . . . . . . 16-5 +-
11-5 +- 21-6 +- ........... . 
16-8 f . .. .... .. . 14~6 +-
12-10 22-II<E- , ,, ,, . , ..... 

l7+n . .. .. . . . . . 12-7 +-

12-6 t 
10-7 +- ......... . 
8-8 +- ......... . 
5-9 t ·········· 
3-10+- ·····••··· 

l-11+- 22-12t 
20+11 t ......... . 
18+1~ ......... . 
16+9 +- .......•.. 
13+8 t ·········. 

11+7 +- ......... . 
9+6 +- ·········· 
6+5 t ·········. 
4+4 t ·········· 
2+3 +- 23+2 t 

21+1 t ......... . 
19+0 +- ·········· 17-1 +- ......... . 
14-2 t 
12-3 t 

10-4 <E- ..••....•• 

7-5 t ·········. 
5-6 t ·········· 
3-7 +- ·········· 
1-8 +- 22-9 t 

13+9 t 23+8 +- ............ 20-l~ ......... . 
19+6 +- . . . . . .. . . . 10·-8 t 18-11+- ........ . 
14+4 t . . . . . .. . . . . . . . . . . .. . . . 15-12t ......... . 
rn+2 +- 20+1 +- 8-9 t 13+11 t ......... . 
15-l t ..................... ·111+1~ ......... . 

11-3 +- 21-4 +- 6-10t 9+9 +- ......... . 
16-6 t ...................... I 6+8 t ......... . 
12-8 +- 22-9 +- 5-11+- I 4+1 +- ......... . 
17-11 t ..................... ·' 2+6 +- 23+5 t 
13+11+- 23+1~ 3-12+-; 21+4 t ......... . 

I 18+8 t ...................... 
1

19+3 +- .......•.. 
14+6 t . .. . .. .. . l+ll+- 16+2 t ......... . 
10+4 +- 19+3 t 23+1ot ' 14+1 t ......... . 
x5+1 t ...................... : 12+0 +- ......... . 
11-1 +- 21-2 +- 21+9 t i 10-1 +- .......•.. 

t6-4 t ..................... ·: 7-2 t ......... . 
12-6 +- 22-7 +- 19+8 t 5-3 t ......... . 
17-9 t ...................... : 3-4 +- ......... . 

:g+:~r -~~-:: 1 ~~- ..• '.~~?.~.! ~=~ t -~~:-:~.!. 
14+8 +- . .. .... .. . 16+6 +- I 18-8 +- ......... . 
10+6 +- 19+5 t ............. 15-9 t ......... . 
15+3 t . . .. .. . . . 14+5 +- · l3-1ot ......... . 
n+1 +- 20+0 t ............ · 11-11+- ......... . 
16-2 t . .. .. .. . . . 12+4 +- I 8-12t ......... . 

12-4 ~ 22-5 +- ........... ." 6+ut ......... . 
t7-7 t . . . .. .. . . . 10+3 t ; 4+1~ ......... . 
13-9 +- 23-1~ ............ 

1

· 2+9 +- 23+8 t 
t8-12t ... .... .. . 8+2 t 21+7 +- ......... . 
14+1~ . . . .. .. . . . . . . .. . .... 19+6 +- ......... . 

10-10t ... .. ...... .... .. .. .. 4-0 +-
10-11+- . .. .. . . . . . . . .. . . . . . . . . to+t t 
9-12t ... ....... l+n+- t5+2 +-
8+nt ...................... 21+3 t 
8+1~ .....•.... t2+1~ ........... . 

w~ t" :::::::::: ···;;+9·~:.- ~t~ t" 
5+7 t . .. .. .. . . . . .. . . .. . . . . . t4+6 t 
5+r +- .......... ..... ....... x9+7 +-
4+5 t . . . .. .. .. . 10+8 +- ........... . 

3+4 t • •. . . .• .. . . .. .. .. .. . . . 1+8 t 
3+3 +- ........ ·1 21 +7 +- 6+9 +-
2+2 +- .......... 1 ••••••••••• • 112+1ot 
t+l t ....... •• • •• •• .. .. . . t7+il+-
o+o t . . . . . . . . . . 8+6 +- 23+12t 

0-1 +- 23-2 t ....................... . 
22-3 t t9+5 t 4-11+-
22-4 +- ......•.....• •• .. .. . . . IO-tot 
21-5 +- . .. .. .. •. . ... .. .. .. . . . 15-9 +-
20-6 t . .. .. .. . . . 6+4 t 21-8 t 

20-7 +- ................................. . 
19-8 +- . . . . . . . . . . 17+3 t 2-7 +-
18-9 t ....... .. . ..... .. .. .. . l!-6 t 
t7-10t . . . . . .. .. . . .. .. . . . . . . . t3-5 +-
17-11+- . . . . . .. . . . 4+2 t t9-4 t 

t6-12+- ................................. . 
l5+11t ... .. ..... t5+1 t 0-3 +-
15+1~ . .. .. .. . . . . .. .. . . .. . . . 6-2 +-
14+9 +- . .. .. .. .. . . •. .. .• .. . . . 12-1 t 
13+8 t . . . . . .. .. . 2+0 t t7-o +-

12+7 t . . . . . .. . . . . . . . . . . .. . . . 23+1 t 
12+6 +- . . . .. .. . . . t3-1 t ........... . 
11+5 t . .. .. .. .. . . . . .. . . .. . . . 4+2 +-
10+4 t . . . . . . . . . . . . . . . . . . . . . . to+3 t 
to+3 +- . . . . . . . . . . 0-2 t t5+4 +-

9+2 +- . .. .. .. • . . . •• . . . . .. .. . 21+5 t 
8+1 t . .. .. .. . . . 11-3 t .......... . 
7+0 t ..... .. .. . ... .. .. ..... 2+6 +-
1-1 +- ...•...... 23-4+- 8+7t 
6-2 t . .. • . . . . . . . . . . . . . . . . . . 13+8 +-

5-3 t ...................... ·1' t9+9 t 
5-4 +- ..... .•... 10-5 +- ........... . 
4-5 +- •..................... , 0+1~ 
3-6 t ....• ..... 21-6 +- 6+111' 
2-7 t . .. .. .. .• . . .. .. . . .• . . . 11+12+-

2-8 +- ..... ..... ... .. .. ..... t7-11t 
l-9 t .•. .. .. .. . 8-7 +- 23-10t 
o-xot ................................. . 
0-11+- 23-12+- t9-8 +- 4-9 +-

22+1l t . .. . . .. . . . . . . . . . . .. . . . 10-8 t 

22+1~ . .. . . . . . . . . . . .. . . .. . . . t5-7 +-
21+9 +- ..... .. .. . 6-9 +- 21-6 t 
•o+8 t ...........................•....•• 
19+7 t . .. . . .. . . . t7-1~ 2-5 +-
19+6 +- . . . . . . . . . . . . . . . . . . . . . . 8-4 t 
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TAD LE 42.-Component hom;B deriuecl jro111 Bolar hou1·s-Continued. 

v p MK 2MK MN MS 2SM 

--~~----:·--~--------1-----1-------1--------1---
15+2 t ......... . 
u+1 ......... . 
7+0 ........ . 
4-1 +- ......... . 
0-2 <E- 20-3 +-

16-4 t ......... . 
12-5 ......... . 
8-6 ......... . 
5-7 +- ......... . 
1-8 +- 21-9 +-

17-1ot ......... . 
13-Il ......... . 
9-12 
6+u+- ........ .. 
2+ I<*- 22+9 +-

18+8 t ......... . 
14+7 ......... . 
10+6 

0+9 +-
5+6 t 
1+4 +-
6+1 t 
2:-1 +-

5+s t 
1+6 +-
6+3 t 
2+1 +-
7-2 t 

g=~ t 

:~t~ t :::::::::: 
12+3 +- ......... . 
10+2 +- ......... . 
7+1 t ......... . 

18+5 +- . .. .. .. .. . . .. .. . . .. .. . 13-3 +-
17+4 t ... .. .... . 4-11+- 19-2 t 
17+3 +- ................................. . 
16+2 +- ......... ·'1 15-12t 0-1 +-
15+1 t .......... ,. .. .. .. .. .. . 6-o t 

9+8 t t9+7 t 6+1 t 
15+5 +- ..................... . 
11+3 +- 20+2 t 5+0 +-
16+0 +- .................... .. 
12-2 +- 21-:1 t 3-1 +-

I 
14+0 t ......... ·1··· .. ....... 11+1 +-
14-1 +- ... .. .. .. . 2+nt 17+2 t 
13-2 t . . . . . . . . . . . .. .. . . . . . . . 22+3 +-
12-3 t . .. .... .. . 13+10t ........... . 
12-4 +- ......... .,. .... ....... 4+4 t 

17-5 t . . . . . .. . . . . . . .. . . .. . . . 5+0 +- ......... . 
13-7 +- 23-s +- 1-2 +-I 3-1 +- ......... . 
18-101' . . . .. .. .. . 23-3 t 0-2 t 22-3 t 
14-12+- ...................... 20-4 +- ......... . 
9+wt 19+9 t 21-4 t 17-5 t ......... . 

11-5 +- .......... ............ 9+5 +-
10-6 t . . . . . . . . . . 0+9 t 15+6 t 
9-7 t ... .... .. . . .. .... .. .. . 21+7 t 
9-8 +- .... •..... II +8 t ........... . 
8-9 t ... .. ..... ..... ....... 2+8 +-

15-6 t ......... . 
13-7 +- ......... . 
II-8 +- ......... . 
8-9 t ......... . 
6-101' ......... . 

15+7 +- ..................... . 
10+5 t 20+4 t 19-5 t 
16+2 +- ... -· ................ . 
12+0 +- 21-1 t 18-6 +-
17-3 +- .................... . 

7-1ot . . . .. . . .. . 22+7 t 8+9 t 
7-11+- . .. .. .. . . . . .. . . .... . .. 13+10+-
6-12+- ...................... l9+nt 

13-5 +- 22-6 t 16-7 +-
18-8 t .................... .. 
14-10+- 23-11 t 14-8 +-

4-11+- ......... . 
1-12t 23+u t 

21+10+- ......... . 

336 
337 
338 
339 
340 I ~t~::: ·;3+3·~· 

4-9 +-
9-12t 
5+10+-

5+ut . .. .. ..... 9+6 t ........... . 
5+1<*- . .. .. .. .. . . .. .. .. .. .. . 0+12+-

19+n t .................... .. 
15+9 +- . . . .. .. . . . 12-9 t :~t§ t :::::::::: 

19+2 t ......... . 
15+1 ......... . 
11+0 
8-1 +- ......... . 
4-2 +- ......... . 

0-3 +- 20-4 t 
t6-5 t ......... . 
12-6 t ........ .. 

~=~::: :::::::::: 
1-9 +- 21- IOt 

17-II t • •· •• .. •• • 
13-121' ...•...... 
10+11+- ......... . 
6+1<*- ......... . 

2+9 +- 22+8 t 
18+7 t ......... . 
14+6 t ........ .. 
11+5 +-: ......... . 
7+4 +- ......... . 

3+3 +- 23+2 t 
19+1 t 
16+0 +- ......... . 

:12-1 +-
8-2 +- ......... . 

~=2+ ·~:.:5·:,:· 
17-6 +- ......... . 
13-7 +- ......... . 
9-8 +- ........ .. 

1+8 +-
6+5 +-
2+3 +-
7+0 t 
3-2 +-

8-5 t 
4-7 +-
9-10t 
5-12+-
0+10t 

6+7 +-
2+5 +-
7+2 +-
3+0 +-
8-3 t 

4-5 +-
9-8 t 
5--l<*­
o-12t 
6+9 +-

1+7 t 
7+4 +-
2+2 t 
8-1 +-
4-3 +-

9-6 +-
5-8 +­
o-10t 
6+11+-
1+9 t 

I0+7 t 20+6 t ........... . 
16+4 +- . .. .. .. . . . 10-1ot 
u+2 t 21+1 t ........... . 
17-1 +- . .. .. .. . . . 8-!l t 
12-3 t 22-4 t .......... .. 

14+7 +- ......... . 
12+6 +- ......... . 
9+5 t ......... . 
7+4 t ......... . 
5+3 +- . ... .. .. 

18·-6 +- . . . . . .. . . . 7-12+- 3+2 +- ......... . 
14-8 +- 23-9 t ........... ·1 0+1 t 22+0 +-
19-11+- . .. .. .. .. . 5+11+- 20-1 +- ......... . 
15+n+- ...................... 17-2 t ......... . 
10+9 t 20+8 t 3+1<*- 15-3 t ......... . 

16+6 +- .................... .. 
n+4 t 21+3 t 1+9 t 
17+1 +- .. . .. . . . . . 23+8 t 
12-1 t 22-2 t ........... . 
18-4 +- ... .. .. .. . 21+7 t 

13-6 t 23-7 t ........... . 
19-9 +- ......... - 20+6 +-
15-n+- ..................... . 
IO+II t 20+1<*- 18+5 +-
16+8 +- ..................... . 

13-4 +- ......... . 
10-5 t ......... . 
8-6 t ·········· 6-7 +- ......... . 
4-8 +- ......... . 

1-9 t 23-1ot 
21-II<f:- •••••••••• 
18-121' ......... . 
16+11t ........ .. 
14+1<*- ......... . 

:;t~ t .~'.~~-~- ... '.~~~-~- 1~t§ t :::::::::: 
12+1 t 22+0 t I 14+3 t 7+7 t ... ·· .. ·· · 
18-2 +- .......... ·....... .. .. . 5+6 +- ......... . 
13-4 t 23-5 t 12+2 t 2+5 t ........ .. 

19-7 +- .. . .. . . . .. .. . .. . . .. .. . 0+4 t 22+3 +-
14-9 l . .. ....... 10+1 t 20+2 +- ........ .. 
10-II 20-12+- ............ 17+1 t ..... ·· ·. · 
15+10 . .. .. .. . . . 9+0 +- 15+0 +- ........ .. 
n+8 2f+7 +- ............ 13-1 +- ......... . 

4+9 +- . . . .. . . . . . 20+5 t 6-1! t 
3+8 t . .. .. .. .. . . .. .. .. .. .. . 11--l<*-
2+7 t ... .... .. . . .... .... .. . 17-9 t 
2+6 +- .. . .. . . . . . 8+4 +- 22-8 +-
1+5 +- ................................. . 

0+4 t .. . ... . . . . 19+3 +- 4-7 t 
0+3 +- 23+2 +- . .. . . . . . . . . . 9-6 +-

22+ 1 t ... .. .... . ..... ....... 15-5 t 
21+0 t . .. .... .. . 6+2 +- 20-4 +-
21-1 +- .•...•.........•.................• 

20-2 +- . . . .. . . . . . 17+1 +- 2-3 t 
19-3 t ..... ..... ............ 7-2 +-
19-4 +- . .. .... .. . . .. .. .. . . . . . 13-1 +-
18-5 +- ... .. .. .. . 4+0 +- 19-0 t 
17-;6 t ................................. . 

16-7 t . . . .. .. . . . 15-1 +-
16-8 +- ·········· ........... . 
15-9 t .................... .. 
14-1ot . . . . . .. . . . 2-2 <E-
14-ll+- ..................... . 

0+1 +-
6+2 t 

II +3 +-
17+4 t 
22+5 +-

13-12+- . .. .. .. .. . 13-3 +- ........... . 
12+ut . .. .. .. .. . ..... .... .. . 4+6 t 
n+wt . .. .. . . .. . . .. .. ... . . . . 9+7 +-
n+ 9+- • •• •• .... • 0-4 t I t5+8 t 
to+ st . . .. . . . . . . . . . . . . ... . . . . 20+9 +-

9+7 t .. . . . . . . . . ll-5 t ........... . 
9+6 +- . . . .. . . . . . . . . .. . .. . . . . 2+10t 
s+5 +- . . . .. .. .. . »-6 t 1+11+-
7+4 t . . . . . . . . . . . .. . . . . . . . . . ,'3_+1121.!_ 
7+3 +- . .. .. ...... .... .. .. .. . 8 ~ 

5-9 t . .. .. .. . . . 7+6 +- 17+5 +- ......... . 7-1 +- 10-2 t . .. .. ..... 6+2 +- ......... . 9-7 t ........... . 

Where one, and only one, hourly height is to go on each component hour, the arrow is used to indicate which 
hourly height to use. A horizontal arrow indicates that the hourly height belonging to the solar hour written is 
the one to be taken; an arrow pointing upward indicates that the hourly height belonging to the solar hour next 
preceding the solar hour written is the one to be taken. For the components J, K, 00, R, and 2 SM the value 
thus indicated is to be used twice. The group covered is obviously a solar and not a component hour. See ~~ 53, 
57, Part II. 

Rules.for co11structi11g or verifying tliis table. 

15 
Left-hand part of tabular value= l + ( d - ~) --, 15 --c, 

discarding the decimal even if it exceed 0.5; dis an integer such that 

d = 24 [c day of series - 1) + __!,5_] =i: right-hand part of tabular value, including sign. 
15...., c, 

The quotient in the brackets is taken to the nearest integer generally. The upper sign is used when c, < 15; the 
lower, when c, > 15. 

c, < 15. If the decimal of solar hour in the first equation above fall between o.o and 0.5, the arrow should be 
horizontal; if between 0.5 and r.o, vertical. · 

c, > 15. Reverse this rule. 
The speeds used are those derived from the mean motions given in ~ lJ. 
Instead of the above rules, the following may be used: 
Suppose all solar hours of the series to have been converted into component hours; in each doubtful case mark 

that solar hour which lies nearest the component hour thus considered. 
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TABLE 43.-F01· the summation of long-period tideB. 

Da)' of Mf ~Sf Mm Sa jDaxof Mf MSf Mm Sa 
'Pay of Mf M" I MmG series. I series. '~ries. 

---·------
I 0 0 0 0 76 18 I3+- 18 I5I 12 2 11 

2 I I I 77 19 I4 I~ I52 13 3 I2 

3 2 2 2 78 20 I5 I9 I53 14 4 I3 
4 3 3 3 hZ 

2I I6 20 I54 I5 5 I4 

s 4 4+- 4 22 I7+- 2I I55 16 6 I5 

6 5 4 5 81 23 17 22 I56 17+- 6+- I5+-
7 6 5 6 82 ~ 18 23 157 17 b I6 
8 7+- 6 7 0 83 0 I9 0 5 I58 IS I7 

9 b b i+- I 84 I 20 I 6 159 I9 9 IS IO 
10 S5 2 2I+. 2+- I6o 20 IO+. I9 11 

II 9 9 9 86 3 31 2 I6I 21 10 20 

I2 IO ~ IO ~ 4 22 3 I62 22 II 2I 
I3 11 IO II ~ 23 4 I63 23 I2 22 
I4 12 II I2 89 0 s I64 ~ 13 22+-
I5 I3 I2 I3+- 90 7+. I 6 165 0 14+- 23 

I6 I4+- 13 13 91 b 2 ~ 
I66 I I4 0 

!~ 14 I3+- I4 92 2+- 167 2 I5 I 

;g I4 I5 93 9 3 9 168 3 16 2 
I9 !~ 

I6 94 IO 4 ~ 16g 4 17 3 
20 I7 I7 95 II 5 10 170 5 1S 4+-

21 I8 17+- IS g6 I2 6+- II I71 6 19 4 
22 I9 

!h 
19 ~ 

13 6 I2 172 b 1~ 5 
23 20 20+- I 14 b I3 6 I73 20 6 
24 2I I9 20 2 99 I5 14 7 I74 8+- 2I b 11 
25 22 20 2I IOO I5+- 9 I5 I75 9 .. I2 

26 22+. 2I 22 IOI I6 I~ I6 I76 IO 23+- 9 

~ 23 22 23 I02 
:b 

IO I6+- I7b II 23 IO 
0 22+- 0 I03 11 :~ I7 I2 0 II+. 

29 I 23 I I04 I9 12 
!hZ 

I3 I 11 
JO 2 0 2 I05 20 I3 I9 14 2 I2 

3I 3 I 3 Io6 2I I4 20 lSI 15 3+- I3 
32 4 2 3+- I07 22 I5 2I I82 I5+- 3 14 
33 s 2+- 4 Io8 22+- I5+- 22+. IS3 16 4 I5 
34 5+- 3 g I09 23 I6 22 I84 

!h 
5 I6 

35 6 4 IIO 0 I7 23 IS5 6 17 

36 b ~ b III I IS 0 I86 19 b IS 

~ 
II2 2 I~ I :~ 20 18+-

9 6 9 2 II3 3 19 2 b 21 8+- 19 
39 IO ~ 

10 3 II4 4 20 3 I69 22+. 9 20 12 
40 II I~ 115 s+- 21 4 I90 22 10 21 13 

41 I2 9 II 116 5 22 5+- 19I 23 II 22 
42 I2+. IO I2 lib 6 23+- g 192 0 I2+. 23 
43 I3 II I3 11 7 23 I93 I I2 0 
44 I4 11+- I4 119 8 0 b 194 2 I3 I 
45 15 I2 15 I20 9 I 195 3 14 1+-

46 I6 13 16+- 121 10 2 9 Ig6 4 15 2 

:b !b 
I4 I6 122 II 3 10 

:~ 
5+- 16+- 3 

I5 
!b 

123 12+. 4 II 5 16 4 
49 l~ ;g+- I24 12 4+- I2 199 6 

:b 
5 

So I9 19 I25 13 5 I2+. 200 7 6 

5I 20 
!b 

20 126 I4 6 13 20I 8 I9 7+-
52 21 2I 3 !~ 15 L- I4 202 9 20 

~ 53 22 I~ 22 4 16 15 s 203 10 2I 
54 23 I9 23+- I29 17 s 16 9 204 II 21+. 9 I3 
SS ·o 20 23 I30 IS 9 17 205 I2+. 22 IO I4 

s6 I 2I 0 I31 I~ IO IS 206 12 23 11 

~ 
2+- 22 I 132 I9 11 19 :b 13 0 12 
2. 23 2 133 20 12+. I~ 14 1+. 13 

~ 3 0 3 I34 21 12 20 209 I5 I 14+-
4 ~ 4 135 22 13 2I 210 16 2 14 

61 g I 5 136 23 14 22 211 
!b 

3 I5 
62 2 6 I3b 0 I5 23 212 4 16 
63 b 3 6+- 13 I I6 0 213 19 5+- :~ 64 4 7 I39 2 I7 1+. 214 20 g 
65 9 4+- 8 140 3 17+. I 215 20+- 19 

66 10 g 9 141 3+- IS 2 216 21 b 20 

~ I~ IO I42 4 19 3 21b 22 21 
11 7 11 4 143 5 20 4 21 23 9 21+. 

6g 12 8+- 12 5 144 6 21+. 5 9 2I9 0 IO 22 
70 13 s 13 145 7 21 6 IO 220 I I~ 23 I4 

71 14 9 13+- I46 s 22 ~+-
22I 2 II 0 I5 

72 15 IO I4 
!U 

9 23 22l 3 12 I 

73 16 11 15 10 0 8 223 3+- 13 2 
i4 17 I2 16 149 I~ I+- 9 224 4 14+- 3 
75 . I7+- 13 17 150 II I 10 225 5 14 4 

I 

This table gives the nearest component "hour" (i.e., 24th of monthly or yearly period) for each day (u:30 
a. m. ) of the series. 

In Mf, MSf, and Mm two days sometimes fall upon the same "hour." The arrow is used to indicate the one 
making the closer coincidence. Consequently the one so marked, or rather the corresponding daily height, is the 
one to be taken in preference to the other. See note given below Table 38. 
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TABLE 43.-For the sun11natio11 of long-period tides-Continued. 

Day of f f 
1
1 Day of I ,: II Day of 

series. M _:_ Mm Sa series. ~[__:::__ ~~·~ series. Mf MSf Mm Sa 

226 6 15 4+- I 3n 9 I 12+- 6+- 20 3¢ II+- 9 8 
227 7 16 5 312 to+- 13 7 2I 397 12 IO 9 
228 8 17 6 I 313 JO ' J4 8 3\)8 I3 JI IO 
229 9 J8 7 3J4 JI I I5 9 399 I4 12 II 
230 Jo+- J9 8 3J5 I2 J6 IO 400 15 J3+- I2 

23 J IO I9+- 9 3I6 I3 J6+- JI 40I I6 I3 13 

~~~ :~ ~ :~ ~:~ :~ :~ :~ !~~ :~ :~ :~ 
234 IJ 22 II 3I9 I6 I9 J3+- 404 J8+- I6 J5+-
235 14 23 12 I5 320 17 2o+- J4 405 I9 I7 I6 

JS 
J6 
'7+­
J 7 
J8 

19 
20 
21 
22 
23 

0 
I 

2 

3 

4 

& 

~ 
8+-
9 

10 
11 
12 

13 
14 
15+-
15 
16 

:i 
19 
20 
21 

22+-
22 
23 

0 
I 

2 

3 
4 
g 
6+-
7 
8 
9 

JO 

ll 
12 
13 
IJ+­
J4 

15 
16 

:~ 
J9 
20 
~ 
21 
22 

23 
0 
l 
2 
3+-
3 
4 

& 
~ 

23+­
o 
r 
2 

3+-

3 
4 

~ 
7 

8 
8+-
9 

10 
II 

I2 
12+-
13 
J4 
J5 

J6+­
J6 

:i 
J9 

20 
21 
21+-
22 
23 

0 
J 
J+-
2 

3 
4 
5+-
g 
7 
8 
9 

10 
Jo+­
JI 

I2 
13 
J4 
I4+­
J5 
IO 
17 
t8+­
J8 
I9 
20 
21 
22 
23 
23+-

o 
J 
2 

3 
3+-

4 

~ 
7+-
7 
8 
9 

JO 
JI 
12 

13 
14 
JS 
16 
I7+-

J7 
18 
19 
20 
21 

22 
23 

0 
o+­
J 

2 

3 
4 

& 
7 
7+-
8 
9 

JO 

JI 
J2 
I3+-
13 
J4 

J5 
I6 

:i 
19 
~ 
20 
2I 
22 

23 
0 
J 
2 

3 
3+-

4 
g 
~ 
9 

IO 
Io+­
Jl 
12 

13 
14 

:~ 
16 

J7 
J8 
J9 

'° 21 

22 
23+-
23 

0 
J 

2 

3 
4 
g 

J6 

J6 

J7 

17 

JS 

JS 
J9· 

J9 
20 

18 
.8+-
19 
20 
21 

22 
23 

0 
I 
J+-

2 

3 
4 

~ 
7 
8+-
8 
9 

JO 

JI 
J2 
J3 
J4 
J5+-

15 
J6 
J7 
J8 
J9 

20 
2I 
22 
23 
23+-

o 

9 
IO 
II 
J2 
13 

I3+-
14 
J5 
J6 
17 
18. 

19 
2o+-
20 
2I 

22 

23 
0 

2 

3+-
3 
4 

& 
~ 
9 

10 
II 

20 
21 
22 
23 

0 

1 
t+-
2 

3 
4 

5 
5+-
6 
7 
8 

9+-
9 

JO 
JI 
J2 

13 
14 
14+­
J5 
16 

17 
J8 
J8+­
J9 
20 

21 
22+-
22 

23 
0 

J 
2 

3 
3+-
4 

g 
7 
i+-

9 
JO 
II+­
JI 
J2 

J3 
J4 

:~ 
J6+-

I7 
J8 
J9 
20+-
20 

2J 
22 

23 
o+-
o 

I 
2 

3 
4 
5 
s+-
6 

i 
9+-

15 
16 
17 
18 
19+-

19 
20 
2I 
22 
23 

0 
J 
2+-
2 

3 

4 
5 
6 
7 
8 

9 
9+­

lO 
JI 
12 

J3 
14 
IS 
16 
16+-

:~ 
19 

'° 2J 

22+-
22 

23 
0 
J 

2 

3 
4 
5+-
5 
6 
7 
8 
9 

JO 

II 
J2 
12+­
J3 
J4 

15 
16 

:i 
I9 

19+-
20 
2J 
22 

23 
0 

J+­
J 
2 

3 
4 
g 
~+-

21 
22 

22 
23 

23 
0 

0 
J 

43J 
432 
433 
434 
435 

436 
437 
438 
439 
440 

44I 
442 
443 
444 
445 
446 
447 
448 
449 
450 

45J 
452 
453 
454 
455 

456 
457 
458 
459 
46o 

46J 
462 
463 
464 
465 I 
466' 

:u 
46g 
470 

47J 
472 
473 
474 
475 

476 

m 
479 
48o 

20 I J8 
21 J8+-
22 J9 
23 20 

0 21 

t+-
1 
2 

3 
4 

& 
~+-
8 

9 
10 
ll 
12 
J3 

14 
15 
16 
I~ 
17 

18 
J9 

• 20 
21 
22 

3 
4 

~ 
6 

~ 
9 

10 
JI 

12 
J3+­
J3 
14 
15 
J6 

:i 
19 
~ 

20 
2I 
22 

23 
0 

I 
2 

3 
4 
4+-

g 
~ 
9 

JO 
JI 
ll+-
12 
13 

22+-
22 
23 

0 
I 

2+-
2 

3 
4 
5 

6 
7 
7+-
8 
9 

JO 
II+­
Jl 
J2 
J3 

J4 
J5+­
I5 
J6 
17 

18 
19 
20 

~ 
21 

22 
23 
o+-
0 

J 

2 
3 
4+-
4 
5 
6 
7 
8 
9 
9+-

IO 
JI 
J2 
IJ+­
J3 

I4 
JS 
16 
I7+­
J7 
18 
19 
20 
21 
22 

22+-
23 

0 
J 
2+-

2 

3 
4 
5 
6+-

J7 
18 
19 
20 
2J 

22 
22+-
23 

0 
J 

2 

3 
4+-
4 
5 

6 

~ 
9 

JO 

Il+­
II 
12 
13 
14 

JS 
16 
J7 
J8 
18+-

J9 
20 
2J 
22 
23 

0 
J 
1+-
2 

3 
4 
g 
7+-
7 
8 
9 

JO 
II 
12 

J3 
14+­
J4 
JS 
J6 

:~ 
19· 
20 
21 

2I+-
22 

23 
0 
l 

2 
3 
4 
4+-
5 
6 

~ 
9 

Io+-

2 

3 

3 
4 

4 
5 

6 
7 
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TABLE 43.-.fl'or the summation of long-period tides-Continued. 

Da:f of I Mf I Msf Mm Sa ii Da:f of Mf ~l_::_l_:_J 
I 

Da:f Of Mf MSf Mm Sa sen es. J. sen es. sen es. 

------ --- ------ ------ ---------------
481 I4 6 IO s66 :~ 4 I3 65I I~ I+. I5+-
482 I5 ~ II 567 4+- I3+- 652 20 I I5 
483 I6 12 568 I8 5 I4 653 21 2 I6 
484 I7 9 I3 569 I9 6 I5 654 22 3 I7 
485 IS+- IO I4 570 20 7 I6 I3 655 23 4 18 

486 I8 II I5 571 2I 8+- I7 I4 656 0 5 I9 
487 I9 II+- I6 572 22 8 I8 65~ I 6 20 
488 20 I2 I7+- 573 23 9 I9 65 2 6+- 2I 
489 2I I3 I7 574 0 IO 20 659 2+- 'l 22 
490 22 I4 I8 575 I II 2o+- 66o 3 !l 22+-

49I 23 IS+- I9 576 2 I2 2I 66I 4 9 23 I9 
492 0 I5 20 577 2+- I3 22 662 5 Io+- 0 20 
493 I+. I6 2I 5781 3 I3+- 23 663 6 IO I 
494 I 

:~ 
22 8 579 4 14 0 664 ~ 

II 2 
495 2 23 9 58o 5 I5 I 665 I2 3 

496 3 I~ 0 58I 6 I6 2+- 666 ~ I3 4 

:u 4 I9 o+- 582 7 I7 2 667 9 I4+- 5 
5 20 I 583 8 I7+- 3 668 IO I4 s+-

499 6 2I 2 584 9 I8 4 669 II I5 6 
500 7 22 3 585 ~ 19 5 I4 670 I2 I6 7 

50I 8 23 4 586 IO 20 6 IS 67I I3 I7 8 
502 9 0 5 f1J II 2I+- 7 672 I4 I8 9 
503 9+- o+- 6 I2 2I 8 673 I5 I9 IO 
504 IO I 7 589 I3 22 ~ 674 I6+- I~ II+-
505 II 2 7+- 590 I4 23 9 675 I6 20 II 

5o6 I2 3 8 59I 15 0 IO 676 17 21 12 20 
507 I3 4+- 9 592 I6+- I II 677 I8 22 I3 ., 
5o8 14 4 10 593 16 2 12 678 I9 23+- I4 
509 IS 5 II 9 594 :~ 2+- 13 679 20 23 IS 
5IO I6 6 I2 IO 595 3 14 68o 2I 0 I6. 

5II I6+- 7 I3+- 596 19 4 15 68I 22 I 
:~ 512 I7 8 13 597 20 g 16 682 23 2 

513 I8 9 14 598 21 16+- 683 0 3+- 18 
5I4 19 9+- IS ~ 

22 6+- 17 684 o+- 3 19 
515 20 10 16 23+- 7 IS I5 685 1 4 "o 
516 2I II 

:~ 
6oI 23 8 19 16 686 2 5 21 

51~ 22 12 6o2 0 9 20 687 3 6 22 
51 23+- I3 I9 6o3 I Io+- 21 688 4 7 23 
5I9 23 I3+- 20+- 6o4 2 IO 22 689. 5 8 0 
520 0 14 20 6o5 3 II 23 69<> 6 8+- 1 

52I I 15 21 6o6 4 12 23+- 691 7 9 I+- 21 
522 2 16 22 m 5 I3 0 692 7+- 10 2 22 
523 3 17+. 23 6 14 I 693 8 II 3 
524 4 17 0 10 609 7 15 2 694 9 12+- 4 
525 5 I8 I II 610 7+- 15+- 3 695 IO I2 5 

526 6+- 19 2 6II 8 16 4 696 II 13 6 
527 6 20 3 612 9 I7 5+- 697 12 14 7 
528 7 21 3+- 6I3 10 18 5 698 13 15 8 
529 8 22 4 614 II 19 6 699 14+- I6+- 8+-
530 9 22+- 5 615 I2 I9+- 7 16 700 14 16 9 

531 IO 23 6 616 I3 20 8 17 70I IS :~ 
10 

532 II 0 7 6I7 I4 21 9 702 I6 II 

533 I2 I 8 6I8 I4+- 22 IO 703 I7 I9 I2 
534 I3 2 9 6I9 15 23+- II 704 I8 20 I3 
535 14 2+- IO 620 I6 23 12+- 705 I9 2I I4+-

536 I4+- 3 lo+- 621 17 0 12 7o6 20 21+- I4 
537 . I5 4 II 622 I8 I I3 707 21+- 22 I5 22 
538 I6 5 I2 623 19 2 I4 7o8 21 23 16 23 
539 I7 * 13 II 624 20 3 15 709 22 0 :~ 540 I8 6 I4 12 625 2I 4 I6 7IO 23 r+-

54I I9 7 15 626 21+- 4+- I7 7II 0 I 19 
542 20 8 16+- 627 22 5 I8 7I2 I 2 20 
543 2I 9 16 628 23 6 19 7I3 2 3 2I+-
544 21+- 10 I7 629 0 ~ I~ 714 3 4 2I 
545 22 II I8 630 I 20 7I5 4+- 5+- 22 

546 23 II+. I9 63I 2 8+- 21 I7 716 4 5 23 
547 0 12 20 632 3 9 22 18 7I7 5 6 0 
548 I I3 21 633 4+- IO 23 718 6 ~ I 

549 2 14 22 634 4 II 0 7I9 7 2 
550 3 15 23+- 635 5 I2+- I 720 8 9 3 
55I 4 I5+- 23 636 6 I2 2 72I 9 10 4 
552 4+- I6 0 637 7 I3 2+- 722 10 IQ+- 4+- 23 
553 5 I7 I 638 8 I4 3 723 II II 5 0 
554 6 IS 2 I2 639 9 I5 4 724 I2 I2 6 
555 7 I~ 3 13 640 IO I6 5 . 725 ' 12+- 13 7 
556 8 I9 4 64I II+- I7 6 726 I3 I4+- 8 
557 9 20 5 642 II 17+- ~ 72~ 14 14 9 
558 IO 21 6 643 I2 I8 72 I5 15 10 
559 II+- 22 6+- 644 I3 19 8 729 I6 16 II 
56o II 23 7 645 I4 20 9 730 17 17 II+. 

s6I 12 0 8 646 IS 21 10 18 73I I8 18+- I2 
s62 13 o+- 9 647 I6 2I+- II I9 732 I9 18 13 
563 I4 1 10 648 :~ 

22 I2 733 ·~ I9 I4 
564 IS 2 II 649 23 13 734 20 20 IS 
565 16 3 12 I 650 19 0 I4 735 21 21 I6 

I 
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TABLE 43.-For the summation of fong-period tides-Contiuuod. 

I I 

I Da~ of I Mf I MSf 
Da~of Mf MSf Mm Day of Mf MSf Mm Sa Mm Sa sen es. Sa 1 series. , senes. : 

------ ---------------
736 22 22 17+- 821 1 19 19 9o6 3+- 16 21 12 
737 23 23 17 0 822 2+- 20+- 20 

~ 4 17 22 
738 0 23+- 18 I 823 2 20 20+- 5 18 22+-
739 l 0 19 824 3 21 01 909 6 18+- 23 
740 2+- I 20 825 4 22 22 91D 7 19 0 

741 2 2 21 826 5 23 23 911 8 20 1 
742 3 3+- 22 827 6 0 0 912 9 21 2 
743 4 3 23 828 7 l 1 6 913 IO 22 3 

I 744 5 4 o+- 829 8 1+- >+- 7 914 Io+- 22+- 4 
745 6 5 0 830 9 2 2 915 II 23 5 

746 7 6 l 831 10 3 3 916 12 0 5+-
747 8 7+- 2 832 xo+- 4 4 917 13 l 6 
748 9+- 7 3 833 11 5 5 918 14 2+- 7 
749 9 8 4 834 12 5+- 6 '1'9 15 2 8 
750 IO 9 5 835 13 6 7 920 16 3 9 12 

751 II IO 6 836 14 7 8 921 I7+- 4 10 I3 
752 I2 II 7 l 837 I5 8 9+- 922 I7 5 ll+-
753 IJ 12 ~+- 2 838 x6 '}+- 9 923 I8 6 l1 

754 I4 12+- 839 17 9 IO 924 I9 7 I> 

755 15 13 9 640 x7+- 10 II 925 20 7+- 13 

756 16 14 IO 841 IB l1 12 926 2I ' 8 I4 
757 I7 15 II 842 19 I2 13 927 22 9 I5 
758 I7+- 16+- 12 843 20 13 14 928 23 10 16 
759 18 x6 I3 844 21 14 15 7 929 o+- l1 I7 
76o 19 17 I4 845 22 I4+- 16 8 930 0 II+- I8+-

761 20 x8 x4+- 846 23 15 16+- 931 l u I8 
762 21 19 I5 ~i o+- I6 17 932 2 13 19 
763 .. 20+- 16 0 17 18 933 3 14 20 

764 23 20 :~ 849 l x8 19 934 4 15+- 21 
765 0 21 850 2 IS+- 20 935 5 I5 22 13 

766 o+- 22 19 851 3 19 21 936 6 16 23 14 
767 I 23 20+- 852 4 20 22 937 7 !~ 

0 
768 2 0 20 2 853 5 21 23 938 8 I 

769 3 I 21 3 854 6 22+- 23+- 939 8+- I9 l+-
770 4 I+- 22 855 7+- 22 0 940 9 20 2 

771 5 2 23 856 ~ 23 I 941 IO 20+- 3 
772 6 3 0 857 0 2 942 l1 21 4 
773 7+- 4 I 858 9 l 3 943 I> 22 5 
774 7 5+- 2 859 10 2 4 8 944 13 23 6 
775 8 5 3+- 86o II 3 5+- 9 945 14 o+- 7 

776 9 6 3 861 12 3+- s 946 15 0 8 
777 IO ~ 4 862 13 4 6 947 15+- I 8+-
778 JI 5 863 14 5 7 948 16 2 9 
779 I2 9+- 6 864 15 6 8 949 17 3 10 
78o I3 9 7 865 15+- 7 9 950 IS 4+- II 14 

781 14+- 10 B 866 16 7+- IO 951 19" 4 12 I5 
782 I4 l1 9 867 :~ 8 II 9S2 20 s I3 
783 IS 12 IO 3 868 9 12+- 953 21 6 14+-
784 16 13 Io+- 4 B6g 19 ID 12 954 22+- i I4 
78s 17 I4 11 870 20 11+- I3 95S 22 I5 

786 I8 14+- I2 87I 21 II I4 956 23 9 I6 

?~ I9 15 I3 872 22 12 I5 957 0 9+- 17 
20 16 14 873 22+- 13 16 958 I IO 18 

789 21+- 17 15 874 23 14 :~ 9 9~9 2 11 19 
790 21 18+- 16 87s 0 15 IO 900 3 12 20 

79I 22 I8 I7 876 I x6 I9 ¢1 4 I3+- 21+-
792 23 I9 17+- 817 2 I6+- I9+- ¢2 5+- IJ 21 
793 0 20 x8 878 3 :~ 20 ¢3 5 14 22 
794 I 2I I9 879 4 21 ¢4 6 I5 23 IS 
795 2 22+- 20 88o 5 19 22 ¢5 7 I6 0 

7¢ 3 22 2I 88I 5+- 20 23 ¢6 8 I7+- l I6 

797 4 23 22 882 6 20+- 0 ¢7 9 :~ 
2 

798 5 0 23+- 4 883 7 2I I ~ 
IO 3 

799 5+- I 23 5 884 8 22 2 II 19 4 
8oo 6 2 0 885 9 23 2+- 970 12+- 20 4+-

Sox ~ 3 l 886 ID o+- 3 97I I2 21 5 
8o2 3+- 2 887 II 0 4 972 13 22 6 
8o3 9 4 3 888 12+- l 5 973 I4 22+- 7 
8o4 IO 5 4 88g 12 • 6 10 974 IS 23 8 
Sos lt 6 5 8go 13 3 7 ll 975 16 0 9 

8o6 I2 7+- 6+- llgI I4 4 8+- 976 I7 l IO 
8o7 I2+- 7 6 892 I5 5 8 977 I8 2+- 11 
8o8 I3 8 ~ ~ 

I6 s+- 9 978 I9 2 II+-

8o9 14 9 17 6 IO 979 20 3 12 
BID I5 IO 9 895 18 7 II 98o 20+- 4 I3 

8II I6 II 10 896 19+- 8 12 98I 21 s I4 16 
812 17 Il II 897 19 9 I3 982 22 6+- IS I7 
8I3 18 12+- I2 5 898 20 '}+- I4 ~ 23 6 t6 
814 I9+- I3 I3 6 899 21 IO IS+- 0 ~ I7+-
815 19 14 13+- 900 22 II IS 985 l I7 

816 20 I5 I4 901 23 12 16 986 2 9 IS 
817 2I 16 15 902 0 13+- 17 987 3 IO I9 
818 22 I6+- I6 903 I 13 I8 $/ 3+- 11 20 

819 23 17 17 9041 2 I4 I9 4 II+- 21 
820 0 I8 I8 905 3 15 20 II 5 I2 22 

-----



608 

99I 
992 
993 
994 
99S 

996 
997 
998 
999 

IOOO 

IOOI 
I002 
I003 
Ioo4 
IOOS 

Ioo6 
I007 
Ioo8 
I009 
IOIO 

IOll 
1012 

1013 
IOI4 
IOIS 

1016 
IOI7 
1018 
IOI9 
I020 

1021 
1022 
1023 
I024 
I02S 

I026 
I027 
I028 
I029 
I030 

I03I 
Io32 
I033 
I034 
I035 

Io36 
I037 
I038 
I039 
I040 

1051 
IOS2 
IOS3 
Io54 
J05S 

IOS6 
JOS7 
Jos8 
10s9 
Jo6o 

Io6I 
Io62 
Jo63 
Jo64 
Io6S 

Io66 

:~ 
Io&} 
Io70 

6 

~ 
9 

Jo+-

IO 
II 
I2 
J3 
I4 

J5 
J6 
I7+­
J7 
IS 

I9 
20 
2I 
22 
23 

0 
J 
I+-
2 

3 

4 

~ 
7 
8 

8+-
9 

JO 
II 
I2 

J3 
I4 
IS+­
J5 
J6 

I7 
I8 
I9 
20 
21 

22+-
22 

23 
0 
I 

2 

3 
4 
5+-
5 

6 
7 
8 
9 

JO 

ll 
J2 
J3 
I3+­
J4 

IS 
I6 
I7 
I8 
J9 

20 
~ 

2J 
22 
23 

0 
I 
2 
3+-
3 

MSf 

I3 
J4 
IS+­
J5 
I6 

J7 
I8 
I9+­
J9 
20 

2I 
22 
23 

0 
o+-

I 
2 

3 
4+-
4 

s 
6 
7 
8+-
8 

9 
JO 
JI 
J2 
I3 

J3+­
I4 
J5 
I6 
I7+-

I7 
I8 
J9 
20 
2I+-

2I 
22 
23 

0 

I 

2 
2+-
3 
4 
5 

6+-
6 

~ 
9 

Io+­
IO 
II 
J2 
J3 

I4 
JS 
I5+­
J6 
J7 

J8 
J9+­
J9 
20 
2J 

22 
23+-
23 

0 
I 

2 

3 
4 
4+-
5 
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TABLE 43.-Foi· the summation of loiig-p111iod ti<us-Continued. 

Mm 

23 
o+-
0 
I 
2 

3 
4 
5 
6 
7 

7+-
8 
9 

JO 
II 

J2 
I3 
J4 
J4+­
J5 

J6 
J7 
J8 
J9 
~ 

20 
2I 
22 

23 
0 

J 
2 

3+-
3 
4 

~ 
~ 
9 

IO 
Io+­
II 
I2 
J3 

J4 
IS 
I6 
I7 
I7+-

I8 
J9 
20 
21 
22 

3 
4 

~ 
6 

~ 
9 

IO 
lJ 

J2 
J3 
J3+­
I4 
IS 

J6 
17 
J8 
J9 
20 

Sa 

I7 
J8 

J8 
I9 

I9 
20 

20 
2J 

2J 
22 

1071 
Jo72 
1073 
J074 
I07S 

1076 
J077 
1078 
Jo79 
Io8o 

1081 
10..C:S2 
Jo83 
I084 
1o8s 

1086 
Io87 
I088 
Io8g 
Iago 

J09J 
J092 
J093 
J"94 
109s 

Iog6 
I097 
1og8 
I09<J 
IlOO 

IIOI 
1102 

II03 
II04 
nos 

Jlo6 
II07 
11o8 

"09 
IIIO 

IIII 
lll2 
JII3 
llI4 
IIJS 

Ill6 
IIJ7 
JII8 
llI9 
II20 

Il21 
JI22 
1123 
ll24 
1125 

1I26 
1127 
Jl28 
II29 
1130 

Il31 
Jl32 
u33 
II34 
J13S 

u36 
"37 
1I38 
1139 
IJ40 

Jl4J 
Jl42 
u43 
1I44 
u4s 

JI46 
IJ47 
1I48 
JI49 
JISo 

4 

~ 
7 
8 

9 
Io+­
JO 
JI 
J2 

I3 
14 
IS 
J6 
I7 

:8 
18+-
19 
20 
2J 

22 

23 
0 
J 
J+-

2 

3 
4 
s 
6 

7 
8+-
8 
9 

JO 

JI 
J2 
I3 
J4 
J5+-

I5 
I6 

:~ 
J9 

20 
2I 
22 
23 
23+-

0 
J 
2 

3 
4 

~ 
6+-

~ 
9 

IO 
JI 
I2 

J3 

I3+­
I4 
IS 
J6 
J7 

I8 
I9 
2o+-
20 
2I 

22 
23 

0 
I 
2 

6 
7 
8+-
8 
9 

IO 
JI 
J2+­
J2 
I3 

I4 
I5 
I6 
I7 
I7+-

18 
19 
20 
2!+-
2I 

22 

23 
0 

2+-
3 
4 
s 
6 

6+-
7 
8 
9 

Io+-

JO 
II 
I2 
I3 
I4 

I5 
IS+­
I6 
J7 
I8 

J9 
Ig+-
20 
2J 
22 

23+-
23 
o. 
I 
2 

3 
4 
4+­
s 
6 

7 
8 
8+-
9 

IO 

II 
I2+­
J2 
J3 
14 

IS 
16 
I7 
J7+­
I8 

I9 
20 
2I 
2I+-
22 

2o+-
2I 
22 
23 

0 

I 
2+-
2 

3 
4 

5 
6 
7 
8 
9+-

9 
IO 
II 
I2 
I3 

I4 
IS 
16 
I6+­
I7 

18 
J9 
20 
21 
22 

23 
23+­
o 
I 
2 

3 
4 
s+-
5 
6 

~ 
9 

IO 
II 

I2+­
I2 
J3 
I4 
IS 

I6 
J7 
J8 
I9 
I9+-

20 
2I 
22 

23 
0 

I 
2 
2+-
3 
4 

g 
7 
8+-
8 

9 
IO 
II 
I2 
I3 

22 
23 

23 
0 

0 
l 

I 
2 

2 

3 

~ I 

IISI 
1152 

IIS3 
1154 
IISS . 

JI56 I 
JIS7 I 
JIS8 
IIS9 
II6o 

1161 
I162 
JI63 
1I64 

u6s I 
II66 
II67 
1168 
II69 
II70 

3+-
3 
4 
s 
6 

7 
8 
9 

IO 
JI 

II+­
I2 
J3 
I4 
IS 

J6 
J7 
J8 
J8+­
I9 

Jl7I 20 
1172 21 
1173 i 22 
1174 23 
117s 0 

J176 
1177 
1178 
1179 
II8o 

118I 
1182 
II83 
1184 
II85 

1186 
1187 
1188 
1189 
1190 

119I 
1192 
JI93 
1194 
119s 

JI¢ 
1197 
JI98 
IJ99 
I200 

I20I 
1202 
I203 
1204 
1205 

I2o6 
1207 
I2o8 
I209 
1210 

12II 
1212 
I2J3 
1214 
I2JS 

I2!6 
1217 
1218 

J219 
1220 

1221 
1222 
I223 . 
I224 
1225 

I226 
1227 
I228 
1229 
1230 

J+­
I 
2 

3 
4 

~ 
7 
8+-
8 

9 
IO 
JI 
J2 
I3 

J4 
IS 
I6 
I6+­
I7 

I8 
I9 
20 
2I 
22 

23 
23+­
o 
I 
2 

3 
4 

~ 
6+-

~ 
9 

10 
II 

I2 
13+­
J3 
I4 
IS 

J6 
J7 
I8 
19 
2o+-

20 
2I 
22 
23 

0: 

23 
0 
J+-

3 
4 
s 
6 
6+-

7 
8 
9 

IO 
Io+-

II 
I2 
13 
I4+­
I4 

IS 
J6 
I7 
J8 
I9 

I9+-
20 
2I 
22 
23 

23+­
o 
I 
2 

3+-

3 
4 

~ 
7 

8 
8+-
9 

IO 
Il 

I2 
I2+­
I3 
J4 
J5 

16+-
16 
I7 
I8 
J9 

20 
2I 
2I+-
22 
23 

0 
I 
I+-
2 

3 

4 
s+-

~ 
7 

8 
9 

IO 
Io+­
II 

J2 
13 
I4 
I4+­
I5 

I8 
I9 
20 
2I 
22 

22+-
23 

0 
J 
2 

3 
4 
5 
5+-
6· 

7 
8 
9 

IO 
JI+-

II 
I2 
I3 
I4 
IS 

I6 

:~ 
I8 
I9 

20 
2I 
22 
23 

0 

I 
l+-
2 

3 
4 

~ 
7 
8 
8+-

9 
IO 
II 
J2 
I3 

I4+­
I4 
JS 
J6 
I7 

I8 
J9 
20 
21+-
2J 

22 
23 

0 

3 
4 
4+-

~ 
7 
8 
9 

IO 
II 

ll+­
J2 
J3 
I4 
I5 

4 
s 

6 
7 

8 
9 
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T.Anu: 43.-Foi· the s11111111ation of long-period ticles-Continucd. 

Da)'. of'. Mf MSf Mm Sa ! Da:l'. of! Mf / MSf Mm Sa ! Da)'. of 
1 

Mf MSf---=EJsa . 
senes I senes 11 senes : • 

--I~~1--I - __ 1_6 ___ I_6_ I~~ __ 2_3_ --9- I3+- ---1--I~;-!·---:;:---
2
- __ l_l_ -20I;I 

1232 2 17 11~ 1312 o 10 14 1392 I 22 3 12 

I 234 I 4 18 [ 18 13I4 2 11 16 14 1394 I 0 5 I4 
I233 . 3 IS+- , 17 l3I3 1 II+- 15 

1
1 1393 23 4 I3 

I_235 j 4+- 19 i I9 I3I5 3 12 I7 15 1395 1 s+- 15+-

I236 5 20 20 I3I6 4 I3 I8 I I3<)6 2 6 IS 
:237 . 6 2I I 21 I3I7 4+- I4 19 1397 3 1 I6 
I238 7 22 I 22 9 I3I8 I 65 15 20 13g8 4+- 8 I7 
1239 8 23 23 10 I3I9 I6 2o+- 1399 4 9 18 
I240 9 23+- <>+- I320 I 7 I6+- 21 1400 5 9+- I9 

1241 JO 0 0 1321 8 17 22 1401 6 IO 20 
1242 II 1 1 I322 . 9 18 23 I402 7 11 21 
1243 11-E- 2 2 I.,23 ; JO 19 0 1403 8 12 22 
1244 12 3+- 3 I324 ' II+- 2o+- 1 I404 9 13+- 22+-
1245 13 3 4 1325 ! II 20 2<E- 1405 IO 13 23 

; 

I246 
I247 . 
1248 I 
1249 . 
1250 • 

I25I i 
I252 
1253 
1254 
1255 

I256 . 
I257 . 
I258 
1259 ; 
t26o ! 

I261 I 
I262 
1263 
1264 
I265 

I266 
I267 
1268 
I26g 
1270 

I2jI 
1272 
I273 
I274 
I275 

12761 
I2i7 i 
I278 I 
I279 
I28o I 
1281 ; 

1282 
1283 
I284 
1285 I 
I286 . 
I287 
I288 I 
I28g 
1290 . 

12<JI ! 
1292 I 

12<)3 I 
1294 
I295 

I2<)6 
I2<J7 
I2<)8 
I299 
I300 

I4 
15 
16 
I7 
I8+-

18 
I9 
20 
21 
22 

23 
0 

3 
4 
5 
6 
7 

4 
5 
6 
7+-
7 

8 
9 

10 
JI 
12 

12"1E­

I3 
14 
IS 
16+-

16 
I7 
I8 
19 
2o+-

8 20 

9 2I 
9+- 22 

to 23 
11 0 

I2 I 
I3 I+-

I4 I 2 I5 3 
16 4 

16+­
I7 
18 
I9 
20 

2I 
22 
23+-
23 

0 

I 
·2 

3 
4 
5 

5+­
s 
6 
7 
8 

9+-
9 

IO 
II 
12 

I3 
14 
I4+­
I5 
I6 

5 
6 
7 
7+-
8 

9 
IO 
11 
12 
I3 

I4 
I4+­
I5 
I6 
17 

18 
I9 
20+-
20 

21 

22 
23 

0 

I 
2 

3+-
3 
4 
5 
6 

7 
8 
9 

10 
Jo+-

II 
12 
I3 
I4 
I5 

I6 
I7 
I7+-
18 
I9 

10 
II 

I2 
13 

\ 1326 ! 
I327 
I328 ' 
1320 . 
1330 • 

1331 i 
IJ.'\2 

·1333 
I334 ! 
I335 I' 

1336 
1337 
I338 
I339 
I340' 

I341 
1342 
I343 
I344 ' 
I345 ! 

I346. 
I347 
1:;.18 
I349 
1350 

I35I 
I352 
135~ 

I3.'4 
I355 

I356 ; 
135i 
I358 
13='9 
I3fo 

I36I 
q62 
1363 
I364 
I36S 

I"66 
1~67 
I368 
l.'\69 
13i0 

6~+-1 Ii 20 137I I8+- 21 1372 
J8 I 22 J3j3 

s I9 I 23+- I374 
9 I 20 23 I375 

JO 21 0 i 1376 
II I 22+- 1 ' 1377 
u 22 2 1378 
13+- 23 3 13 I379 
13 0 4 I4 I3&> ' 

I 
1301 14 I 5 1381 ' 
I302 I5 2 6+- 1382 
1303 I6 3 6 I383 . 

I2 
I3 
I4 
I5 
I6 

I7 
I8 
I9 
I9+-
20 

21 
22 
23 

0 
I 

2 
2+-
3 
4 
5 

6 
7 
8 

~+-I 
IQ 

II 
12 
I3 
14 

15 
1(><­

I6 
I7 
18 

19 
20 
2I 
22 

23+-

23 
0 

I 

2 

3 

4 
5 
6 
7 
7+-

s 
9 

IO 

II 
12 

21 
22 
23 

<>+-
0 

1 

2 

3 
4 
5 

s+-
6 
7 
8 
g+-

9 
IO 
II 
I2 
I3+-

I3 
I4 
I5 
I6 
17 

IS 
I8+-
19 
20 
2I i 
n+- I 
n 
2:1 

0 
I 

2+-
2 

3 
4 
5 

6 
7 
7+­
s 
9 

IQ 

11<­
II 
I2 
13 

2 

3 
4 

~ 
7 
8 
9+-
9 

IO 

It 
12 
I3 
I4 
I5 

16 
I6+­
I7 
I8 
I9 

20 
21 

~~ I 
23+- i 

0 

2 

:I 
4 

s+-
5 
6 
7 
8 

9 
IO 

II 
I2+-
12 

I3 
14 
I5 
16 
I7 

18 
I9 
I9+-
20 
21 

:~~ ·1 :~ I ~+- ~ :~~ 
13o6 19 5 9 1386 I7 22 7 
1307 l 20 6 10 1387 18 23 ! 8<E-

16 

I7 

19 I 
'I 

1411 
1412 ! 
I4I3 
I414 
I4I5 

1416 
14I7 
14IH 
I419 
1420 ; 

143l 
I432 
I433 
'434 
1435 

i 
1436 i 
1437 
1438 
I439 ' 
1440 

I44I 
1442 
144,'\ 
1444 
1445 

I446 
1447 
I44H 
I449 
1450 

I45I 
I452 
I453 
1454 
I455 

I456 
I457 
I458. I 
1459 I 
I46o 

1461 

II 
12 
I3 
14 

15 
16 
I7 
I8 
I9 

lg+-
20 
21 
22 
23 

0 

3 

4 
5 
6 
7 
8 

9+-
9 

IO 

II 
I2 

13 
I4 
15 
I6<­
I6 

I7 
IR 
I9 
20 
2I 

22 

23 
o I 
~~ J 

i 

7 
i+-
8 I 
9 

IO 

II 

13o8 I 21 , ;+- 11 1380 I9 o+- , H I' 

~-:~_~_0_1~· --~-~-~--~ - __ ! _~ __ :~---'----"--:i_'~---~-~ __ ic__~ _ _;l __ I_~_-'--__ ~l! ___ -'---
6584-39 

I4 
I5 
I6 
I7 
18 

IB+-
19 
20 
2I 
22 

22<-
23 

0 

2 

3 
4 
5 
6 

, 
i+-
8 
9 

IO 

II 
II+­
I2 
1:1 
I4 

15+-
15 
I6 
Ij 
t.S 

I9 
20 

20<-
2I 
22 

23 
0 
o+-

3 
4+-
4 
5 
6 

{; 
9 

I~I 
II 

0 

2 

3 
4 

5 
5+-
6 
7 
8 

9 
IO 

II 
12 

I· ,, 
I4 
I5 
I6 
I7 

18<­
IS 
I9 
20 
2I 

22 

2,'\ 
0 

3 
4 
5 
6 

8+-
9 

IO 

II 
I2 
13 
I4<­
I4 

I5 
IO 

17 
18 
I9 

20 
21+-
2I 
22 

0 

20 

21 
22 

22 

23 

23 
0 

609 
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TABLI' 44.-dcceleration in HW and L\V of 

[The amplitude of the semidiurnal wave is taken as unity.) 

I HW phase.* oo i 100 i 200 300 400 500 I 6o0 
700 

l-~vpi:_se~ r8o i H)O 200 2!0 220 230 

.~--
250 

I 
0 ' I 0 ' 0 ' 0 ' 0 ' 0 ' 0 ' 0 ' 

o·o 0 00 I 0 00 0 00 0 00 0 00 0 00 0 00 0 00 

o· l 0 00 0 29 0 57 I 24 I 48 2 10 2 27 2 40 
0·2 0 00 0 S7 I S2 2 4S 3 33 4 IS 4 50 s 19 
0·3 0 00 I 23 2 45 4 02 5 J4 6 17 7 II 7 53 
0·4 0 00 l 49 3 3S s I6 6 51 8 JS 9 28 JO 26 

0·5 0 00 2 I3 4 23 6 28 8 24 IO IO I J ·4I 12 56 
o·6 0 00 2 36 5 09 7 37 9 SS I2 03 13 s2 rs 24 
0·7 0 00 2 s8 5 S3 8 43 I I 23 J3 so 16 00 17 so 
o·S 0 00 3 J9 6 36 9 46 I2 48 JS 3S 18 o6 20 J4 
0·9 0 00 3 40 7 J7 JO 48 14 09 I7 I8 20 09 22 37 

I"O 0 00 4 00 7 56 J l 47 J5 29 18 58 22 og 24 57 
I· 1 0 00 4 18 8 34 I 12 44 16 46 20 3S 24 o6 27 IS 
I 0 2 0 00 4 36 9 IO 13 39 18 00 22 09 26 OI 29 32 
I"3 0 00 4 S4 9 46 14 33 19 J2 23 4I 27 54 31 46 
J ·4 0 00 5 II 

I 
JO 20 15 24 20 22 2S IO 29 44 34 00 

oi I "S 0 00 s 27 JO 52 16 I4 2I 30 26 37 31 33 36 II 
> J"6 0 00 5 43 II 24 17 02 22 36 28 02 33 I8 38 20 "' ~ 1 ·7 0 00 5 ss II S3 I7 49 23 40 29 2s 3S 02 40 28 

Ol r·S 0 00 6 12 12 24 I8 34 24 41 30 4S 36 43 42 34 
E 1"9 0 00 6 26 12 s2 19 18 2s 42 32 04 38 23 44 38 
;:l 

:B 2·0 0 00 6 40 J3 20 20 00 26 40 33 20 40 00 46 40 ..... 
0 2· I 0 00 6 53 13 47 20 41 27 37 34 34 41 3S 48 40 
4) 2·2 0 00 7 o6 14 13 21 21 28 32 3S 47 43 oS so 39 

"d 
;:l 2·3 0 00 7 J8 14 38 22 00 29 25 36 S7 44 39 s2 36 ...., 
~ 2·4 0 00 7 30 JS 02 22 37 30 J7 38 o6 46 o8 S4 32 

s 2·s 7 42 IS 26 23 J3 31 oS 39 13 47 36 56 2S < 0 00 
2·6 0 00 7 53 rs 48 23 49 31 57 40 J8 49 or 58 16 
2·7 0 00 8 04 16 II 24 23 32 45 41 22 50 24 6o 08 
2·8 0 00 8 IS 16 32 24 s6 33 32 42 22 SI 45 6r 54 
2·9 0 ()() 8 25 16 53 25 29 34 17 43 25 53 05 63 39 

3·0 0 00 8 35 17 14 26 00 35 01 44 22 54 22 65 23 
3·1 0 00 8 44 17 33 26 31 35 44 45 21 SS 38 67 os 
3·2 0 00 8 54 17 S2 27 or 36 26 46 17 56 53 68 45 
3·3 0 00 9 03 18 II 27 30 37 o6 47 J2 58 os 70 23 
3·4 0 00 9 J2 I8 30 27 s6 37 46 48 os 59 16 71 58 

3·s 0 00 9 21 18 47 28 26 38 25 48 S7 6o 25 73 32 
3·6 0 00 9 29 19 05 28 53 39 01 49 47 61 30 75 04 
3·7 0 00 9 38 19 22 29 I9 39 39 50 37 62 38 76 34 
3•8 0 00 9 46 J9 38 29 44 40 14 SI 25 63 42 78 02 

I 
3·9 0 00 9 53 19 54 30 og 40 49 52 I2 64 44 79 27 

4·0 0 00 IO 01 20 09 3° 33 41 23 52 58 65 45 8o 50 

--·· -------1-- ---- - ------ ---
HW Phase. 3000 3500 3•10° 3300 3200 I 3100 3000 2900 

LW Phase. 18o 170 r6o 150 140 130 120 110 

*I.e., thc phase of the diurnal wave {B) at the lime of HW or I,W of the semidmrnal wave (A). 

HW phase= (lime of HW of A - time of HW of B) b, 
LW phase= (lime of LW of A - time of HW of B) b. 

8o0 

200 

---·---
0 ' 
0 00 

2 49 
s 36 
8 22 

11 07 ' 

J3 so 
r6 33 
J9 15 
2I s6 
24 361 

27 16 
29 SS 
32 33 
35 II 

37 48 

40 24 
43 00 

4S 36 
48 fl 
so 46 

53 20 
SS S4 
s8 27 
6o S9 
63 31 

66 03 
68 33 
71 03 
73 32 
76 00 

78 26 
8o S2 
83 16 
8s 39 
87 59 

90 I9 
92 35 
94 49 
97 or 
99 JO 

IOI J6 

---·-··--· 
28oo 
JOO 

--

I 
I 
I 

I 

J 
I 
J 
r 
I 

I 

r;_[ 
0 • I 0 00 

2 S2 
5 44 
8 36 

II 29 

14 22 
17 15 
20 09 
23 04 
26 00 

28 57 
31 S5 
34 S5 
37 s6 
40 s8 

44 03 
47 09 
50 18 
53 29 
56 43 

6o 00 

63 20 
66 44 
/0 I2 
73 44 

77 22 
81 05 
84 54 
88 sr 
92 56 

97 II 
OI 36 
o6 15 
II II 

16 25 

22 05 
28 19 
3S 21 
43 37 
54 19 

8o 00 

If one of the speeds he somewhat variable, the resultant times and heights will he given more accurately by keeping the phaoea 
between - 90° and + 90°. If they do not fall within these limits, this and the foJlowlng table may be entered with the phases: 

HW phase = (time of LW of A - time of L W of R) b, 
LW phase = (lime of HW of A -- time of LW of B) b: 

the resultant heights must, however, have their signs changed. For tropic tides 

HW phase = n,. + ~ A 0 - JJO, L W phase = 11" ± .!': + ~Ao - 00, 
2 

"being an integer. (See~~ 5, 20, Part Ill.) 
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a scmidiul'nal wave due to a dim·11al wave. 

[The amplitude of the semidiurnal wave is taken as unity.] 

I 
JIW Phase 
LWPh 

..... ··----- ----.-----.-------· 

ase. 2So 290 300 l 310 320 330 ! 34° 350 360 

----· -- -·-- ··-·-·- ··------ ----··---- ---- ··--·· ---· .. ·---

I 

I 
I 

o·o 
0·1 
0·2 
0·3 
0·4 

0·5 
o·6 
0·7 
o·8 
0·9 

1·0 
I' I 
I '2 
1·3 
r4 

1·5 
1'6 
1·7 
1'8 
I'9 

2'0 
2·1 
2'2 
2·3 
2·4 

2·5 
2'6 
2·7 
2'8 
2·9 

3·0 
3·1 
3·2 
3·3 
3'4 

3·5 
3·6 
3·7 
3·8 
39 

4·0 

nse. HW Ph 
I,WPI iase. 

0 ' 
0 00 

2 50 
5 42 
8 35 

II 30 

14_ 28 
I7 27 

20 291 
23 34 
26 42 

29 53 I 33 07 
36 26 
39 49 
43 17 

46 51 
50 31 
54 19 
58 15 
62 21 

66 40 
71 14 
76 07 
81 25 
87 18 

94 o8 
102 48 

'1 
I 

:26o0 
Bo 

0 ' 
0 00 

2 43 

I 5 29 
8 18 

I I IO 

14 06 
17 06 
20 JO 
23 19 
26 33 

2~ 52 
33' 18 
36 51 
40 32 
44 23 

48 24 \ 
52 40 . 
57 II 
62 03 
67 22 

73 20 
8o 18 
89 14 

I 

•500 

I 
70 

0 ' 0 

0 00 0 00 

I 2 31 2 14 
5 05 4 32 
7 44 6 55 

IO 28 9 24 

13 16. II 58 
16 IO 14 38 
19 09 17 24 
22 14 20 18 
25 27 23 20 

28 471 26 3I 
32 16 29 53 

~~ ~~; 33 27 
37 15 

43 52 41 21 

48 15 45 48 
52 59 50 43 
58 12 56 17 
64 05 62 53 
7I 01 71 19 

8o 00 86 40 

I 

! 

··----1 
2400 2300 

i 6o 50 
I 

0 ' 0 ' 0 

0 00 0 00 0 00 

l 53 I 28 I 00 

3 50 3 00 2 03 
5 52 4 36 3 09 
7 59 6 17 4 20 

IO 12 8 02 5 33 
I2 31 9 54 6 51 
I4 57 II 51 8 13 
I7 30 13 55 9 4° 
20 12 16 o6 II 13 

23 03 I8 26 I2 52 
26 04 20 54 14 37 
29 I8 23 34 16 30 
32 46 26 26 18 32 
36 33 29 32 20 43 

40 40 32 56 23 07 
45 17 36 43 25 44 
50 32 40 59 28 38 
56 48 45 55 31 53 
64 57 SI 56 35 39 

8o 00 6o 00 40 00 

45 24 
52 48 

2~0° :uo0 2000 
40 30 20 

0 ' 
0 00 

0 31 
I 03 
I 37 
2 12 

2 50 
3 3° 
4 13 
4 58 
5 45 

6 36 
7 31 
8 29 
9 32 

IO 40 

II 53 
I3 13 
14 40 
16 16 
18 02 

20 00 

22 13 
24 45 
27 44 
31 17 

35 47 
42 o8 

1900 
IO 

0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 

I 
0 

0 

0 
0 
0 
0 

0 
0 
0 
0 
0 

0 

16oo 
0 

' 
00 
00 
00 

00 
00 

00 
00 
00 
00 
00 

00 
00 

00 
00 
00 

00 
00 
00 

00 
00 

00 
00 
00 
00 

00 

00 

00 
00 
00 
00 

00 
00 

00 
00 

00 

00 
00 
00 
00 

00 

00 

When the top argument is used the tabular values are positive; when the bottom argument, they are negative. 
To express the acceleration in time divide by a, the speed of the semidiurnal component. 

To find the acceleration when bis not exactly equal to Y. a, multiply the tabular values by 2 b. 
a 

This acceleration is directly expressed in time by multiplying the tabular values by :~. 
Table I7 is a graphic form of this table. 
Rollet de !'Isle has given in the Annales Hydrographique for I8¢ (p. 248) a graphic table serving the pur• 

pose of Tables I71 I8, or Tables 441 45, and which he calls an abacus. It is really the inverse of Tables 17, 18. 
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TAllLE 45.-Heigltt of HW and LW fm· a tid6 

[The amplitude of the scmidiurnal wave is taken as unity.] 

------------· ---·---
HW Phase.• 00 JOO I 200 300 400 500 

I 
LW Phase.• 18o 190 I 200 210 220 230 

I ----- -·------·---· 

i o·o l '0000 I ·oooo l ·oooo l ·oooo l '0000 l ·oooo 
0 'l I ·1000 l ·0985 l ·0941 l ·o869 l ·0771 l ·0050 
0·2 l ·2000 I ·1971 l ·1885 l ·1744 l ·1552 I l ·1314 
0·3 l ·3000 l ·2958 l '2831 I ·2624 l ·2342 l ·1991 
0·4 l '4000 l '3945 I ·378o l '3.5!0 I ·3141 l ·2681 

0·5 l '5000 I ·4932 l ·4731 I ·4401 l ·3948 l ·3384 
o·6 l '6000 l ·5921 I ·5684 1 ·52¢ I ·4763 I ·4098 
0·7 l '7000 l '69o8 I '6639 l ·6195 l ·5585 I ·4822 
o·8 I ·Sooo l ·7899 I ·7596 l ·7099 l 

0 6415 l ·5558 
0·9 I ·9000 l ·8888 l ·8555 l •8oo6 l ·7253 I ·6304 

l ·o 2'0000 I ·9B78 I •9515 l ·8917 I ·8094 l ·7059 
I ·1 2 ·1000 2·o869 2·0477 l '9B32 I •8942 l ·7824 
I ·2 • 2 '2000 2 'l86o I 2 ·1440 2 '0749 l ·9797 l ·8598 
l ·3 i 2 ·3000 2 ·2851 I 2·2405 2 ·1670 2·o656 l ·938o 
l '412 ·4000 2 ·3842 2·3371 2·2594 2 ·1522 2·0170 

4i 
1 ·5 2 ·5oco 2·4834 2 ·4339 2·3520 2·2392 2·0970 :.. 

~ l •6 2 ·6000 2 ·5826 2 ·5307 2 ·4450 2 ·3266 2 ·1774 ::: 
o; I '7 / 2 '7000 2 •6818 ' 2 ·6276 2·5382 2 ·4145 2·2586 

l '8 1 2 ·8ooo 2 78II ; 2 ·7247 2·6316 2·5029 2·3406 ::: 
I '9 [ .... 2 ·9000 , 2 ·88o4 I 2 ·8219 I 2·7252 2 ·59171 2·4232 

::I 
;e .... 2 ·o 3 ·oooo 2 ·9191 I 2 ·9191 2 ·8191 2 •680<) . 2·5o65 
0 2 ·7704 I 
Q) 2 'l 3 ·1000 3 ·0790 3 ·0165 2·9132 2 ·5903 

'<:: 2'2 3 ·2000 3 ·1784 3 'Il39 3 ·00741 2 ·86o4 I 2 ·6747 
::I .... 2 '3 , 3 '3000 3 ·2778 3 '2II4 3 '!019 2 ·95o6 I 2·7597 
~ 2 '4 I 3 ·4000 I 3 ·3772 3 ·3090 3 ·1965 3 ·0412 2·8452 
E 

3 ·1321 I < 2 ·5 I 3 ·5000 1 3 ·4766 : 3 ·4061 3 ·2913 2 ·9312 
2 ·6 3 •6ooo 3 ·576o ' 3 ·5044 3 ·3863 3 ·2233 3·0177 
2·7 3 ·7000 3 ·6755 I 3 ·6o23 1 3 ·4814 3 ·3148 3 ·1047 
2·8 3·8ooo 3·7749 3·7002 3·5767 3 ·4065 3 ·1921 
2·9 3·9000 3·8744 3·7981 3·6721 3 ·4985 3·28oo 

3·0 4·0000 3·9739 3 ·8961 3·7677 3·5~ I 3·3682 
3 'l 4 ·rooo 4·0734 3·9941 3 •8634 3 •6833 3·4569 
3·2 4 ·2000 4 ·1730 4·0922 3·9592 3 ·776o 3 ·5459 
3·3 4·3000 4·2725 4 ·1904 4·0552 3 •8690 3•6353 
3·4 4 ·4000 I 4 ·3120 

1

4 ·2ss6 4'15 I~ 3 ·¢22 3 7250 

3·5 4 '5000 I 4 ·4716 . 4 ·3869 4·2474 4·0556 3 ·8151 
3·6 4 •6ooo 4 ·571214 ·4852 4·3437 4 ·1492 3·9055 
3 '7 4 '7000 4 ·6708 4 ·5836 4 ·4401 4 ·2429 3·9962 
3·8 4 ·Sooo 4 ·7704 4 '6820 4·5366 4 ·3369 4·oS72 
3·9 4'9000 4·8699 4·78o4 4·6331 4 ·43!0 4 ·1785 
4 ·o 5 ·oooo 4·¢95 4·8789 4·7298 4·5253 4·2701 

-- ---· ·---- -·--- ------

I 

·--·· ----

HW Phase. J6o0 3500 340° 3300 3200 3100 

LW Phase. 18oO 

! 1700 1(,oO 1500 1400 1300 

•See footnote, preceding t:thle. 

l '0000 
l ·0509 
l '!039 
l ·1581 
l "2143 

l ·2721 
I ·3314 
l ·3922 
l '4545 
l '5182 

l •5832 
l '6496 
l ·7172 
I ·786o 
l '856o 

I ·9271 
I 

09993 
2·0725 
2 ·1468 
2'2220 

2·2981 
2·3752 
2·4531 
2 ·5318 
2'6114 

2·6917 
2·7728 
2·8545 
2·937o 
3·0201 

3 ·w38 
3 ·1882 
3 ·2731 
3·3586 
3·4446 

3 ·53 l I 
3·6181 
3 '7056 
3 '7936 
3·8820 
3·97o8 

l '0000 
l '0353 
I ·0727 
l ·1123 
l ·1539 

l ·1975 
I •2430 
I ·2904 
l ·3397 
l •3908 

I ·4436 
l "49B2 
I "5544 
I '6122 
I ·6716 

l •7325 
l ·7949 
l '8588 
l ·9241 
I ·9908 

2·0587 
2·128o 
2 ·1985 
2·2702 
2 ·3431 

2 ·4171 
2·4922 
2·5683 
2 ·6455 
2·7236 

2·So27 
2·8827 
2 ·9636 
3 ·0452 
3 ·1277 

3 '21 IO 

3·2950 
3·3797 
3 •4652 
3 ·5512 
3•6379 

For high waters use the tabular values as given; but for low waters, alter their signs. 

I "0000 
l ·0186 
I ·0395 
I '0029 
I ·o885 

1"l165 
l ·1467 
l ·1792 
l "2139 
l ·25o8 

l ·2898 
I ·3309 
I ·374i 
l "4194 
l ·4668 

l ·5161 
l ·5673 
I ·62o6 
l ·6757 
l ·7327 

l ·7915 
I ·8521 
l ·9144 
l ·9785 
2·0443 

2 'lII7 
2 ·18o8 

2·2514 
2 ·3234 
2 ·3970 

2·4721 
2·5485 
2·6262 
2·7053 
2·7856 

I 
2 •8671 i 

~:~~~I 
3 ·1182 
3 "2039 I 

3 ·2900 ' 
I 

<)00 

270 

l '0000 
l '0012 
l '0050 
l '0112 
l '0200 

l ·0312 
I ·0450 
l "o6l2 
l "o8oo 
l '1012 

I '1250 
I ·1512 
l "l8oo 
l '2Il2 
l ·2450 

l '2812 
l ·3200 
l ·3612 
l ·4050 
I ·4512 

I "5000 
I ·5512 
l '6o50 
I 0 6612 
l ·7200 

l ·7812 
I '8450 
l '9112 
l 

0 98oo 
2·0512 

2 ·1250 
2 '2012 
2·28oo 
2 •3612 
2 ·4450 

2·5312 
2·6200 
2·7112 
2·8o50 
2 ·9012 
3 '0000 
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composed of a diurnal aud Btm1idi11ntal wa1·1·. 

[The amplitude of the semidiurual wave is taken as unity.) 

hase. 120° 1300 1400 1500 1000 JjOO 

LWP hase. 28o 2<)0 300 310 320 330 340 350 I 
IIW P 

-·· 

1()()0 I 1100 

- --~-------- I --
o·o 
0 ·1 
0"2 
0·3 
0·4 

0·5 
o·6 
0 7 
o·8 
0·9 

l ·o 
I 'I 

I '2 
I ·3 
I ·4 

I '5 
I ·6 ! 

I ·7 I 
I •8 
I ·9 

2 ·o 
2 ·1 
2·2 
2·3 
2·4 

2·5 
2·6 
2·7 
2·8 
2 ·9 

3·0 
3 ·1 
3 '2 
3·3 
3·4 

3·5 
3·6 
37 
3·8 
3·9 
4·0 

-
hnse. 

ase. 

I 
I 1 ·0000 l ·oooo I ·oooo I ·oooo I ·oooo 

o·g839 0•<)669 o ·95ro 0·9365 0·9238 
0·9702 0·9361 0·9038 0·8745 0·8489 
0·9590 0·9076 0·8587 0·8141 0 ·7751 
0·9503 0·8815 0·8158 0 7554 0 7025 

0 ·9442 0·8578 0 ·7750 0·6986 0 ·6313 
0·94o6 0·8367 0 ·7365 0·6436 0 ·5614 
0·9397 0·8181 0 ·7004 0 ·5906 0·4932 
o ·9415 I o ·So23 0·6667 0·5397 0·4262 
0 ·946o i 0 ·7891 0·6357 0 ·4911 0·3612 

0·9532 0 ·7789 0·6o74 0·4448 0 ·298o 
0 ·9632 07715 0·5819 o ·4m2 0 ·2368 
0·976o 0 ·7672 0 ·5595 0 ·36o2 0 ·1778 
0·9919 0 ·7661 0·5403 0·3223 0 ·1212 
l ·oro5 07682 0·5245 0 ·2874 o·o672 

I ·0322 0 ·7738 0·5123 0·2561 0·0161 
I ·0569 0 7830 I 0 ·5041 0·2287 -0·0326 
l ·o848 0 7959 0 ·5002 0·2058 -0·0756 
I ·1159 o ·8129 a ·5012 0 ·1879 --o·u5r 
I ·1504 ! 0 ·8343 0 ·5077 0·1765 -0 ·1487 

I ·1882 i 0 ·86o4 0 ·5210 0 ·1744 -0 ·17361 
I ·22961 0 ·8919 I 

I ·2748 0 •92g8 
I ·3238 
I ·3770 

l ·4348 
I ·4979 

2000 2500 

I 
2400 2300 220° I 

8o0 700 6<>° 500 400 I 

l '()()()() 

0·9137 
0·8281 
0·7432 
0·6591 

0·5758 
0·4933 
o ·4u8 
0·3314 
0 ·2521 

0·1739 
0·0971 
0·0213 

-0·0520 
-0 ·1239 

-0 ·1939 
-0 ·2616 
-0·3266 
-0·3886 
-0·4468 

-0 ·5000 i 

i 

2JOO 

300 
I 

I . 0000 

0 ·9062 
0·8127 
0·7195 
0·6267 

0·5342 
0·4423 
0·35 o8 
0·2598 
0 ·1693 

0·0794 
-0·0098 
-0·0982 
-0·185 9 
-o ·2727 

-0·358 
-0·442 

4 
9 

-0·5264 
-0·6o82 
--0 •6882 

-0 7 66o 

6 
-0 ·8412 
-0·912 

2000 
200 

l ·oooo 
0·9016 
0·8o32 
0 ·7049 
0·6o67 

0 ·5o87 
o ·4ro7 
0·3129 
0 ·2152 
0 ·1174 

0·0202 
-0·0770 
-0·1740 
-0 ·2709 
-0·3674 

-0·4637 
-0·5597 
-0 ·6554 
-0·75o6 
-0 ·8454 

-0·9397 
--1 ·0333 
-I ·1262 
--1 ·2182 
-I ·3090 

-1 ·3984 
-1 ·4855 

-----
1900 
100 

4 b• t When fJ is not exactly equal to)~ a, mean \'aiue = 1 + (tnbulnrvnlue - 1)-;,-,- • 

Table 18 is a graphic form of this table. 

613 

18oo I Mean I 36o I value.t 
··---1 

l '0000 ! l ·oooo 

i 0·90001 I •ooo6 
0 ·Sooo ' l ·0025 
0·7000 

I 

I ·0056 
o·6ooo 1 ·0100 

0 ·5000 ! I ·0157 
a ·4000 I '0226 
0·3000 l ·0308 
0 ·2000 l ·0404 
0 ·1000 I ·0513 

o·oooo I ·o635 
-o ·1000 I ·0772 
-0·2000 I ·0921 
-0 ·3000 l •1088 
-0 ·4000 l ·1268 

-0 ·5000 I ·1465 
-o·6ooo I ·1677 
-0·7000 l ·1909 
-0 ·Sooo I ·216o 
-0 ·9000 I ·2433 

-I ·oooo I ·2732 
-1 ·1000 
-I '20CX> 
-I '3000 
-1 ·4000 

-I ·5000 
-1 •6ooo 
-I 7000 
-1 ·8000 
-I ·9000 

-2 ·oooo 
-2 ·1000 
-2 ·2000 
-2 ·3000 
-2 ·4000 

-2 ·5000 
-2 •6ooo 
-2 ·7000 
-2 ·Sooo 
-2 ·9000 
-3 '0000 

------ I 
18oO _J 00 

The above column of mean values may be compared with expression (29), Part III, and with the last column 
of Table 21. 
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TABLE 46.-Jfypel'bolic functionn. 

h~Iu~n~d~cg~r~e~e•~· 1 ~~---_-_-_-___ v_l~n~d~e--g-:-~-~ 1 
__ 

8 

__ ,~:,;_ -~~ . ~~l __ e_·· __ , __ --_e-_._i 
o·oo 
0"02 
0·04 
o·o6 
o·oS 
0·10 
0·12 
0·14 
0·16 
0·18 I 

0 0 0 

0·000000 o·oooo o·oooo o·ooo o ·oooo r ·oooo o ·oooo 1 ·oooo l ·oooo 
l. 1459156· 0·0200 l. 1458 l · 145 0·0200 1°0002 0"0200 I "0202 0·98o2 
2·291831 0·0400 2·2912 2·288 0·0400 l·ooo8 0·0400 1·0408 o.96o8 
3·437747 O"o6oo I 3;4357 3·428 o·o6oo 1·0018 0·0599 1'0618 0·9418 
4·58366 0·0799 I 4·5788 4·561 o·o8o1 1·0032 0·0798 l'o833 0·9231 
5·72958 0·09<)8 5·720 5·693 O. 1002 l ·0050 0'0997 1'1052 0·9048 
6·87549 o·n97 6·859 6·8rr 0·1203 1·0072 0·1194 1'1275 0·8869 
8·02141 0·1395 7'995 r917 0·1405 1'0098 0·1391 r1503 0·8694 
9·16732 0·1593 9·128 9·orr 0·16o7 1'0128 0·1586 J 1'1735 0·8521 

10·3132 0·1790 10'258 IO"lOO 0'1810 1°0162 0·1781 I 1·1972 0·8353 
0·20 11·4592 0·1987 11·384 n·167 0·2013 1·0201 0·1974 1'2214 0·8187 
0'22 12'0051 0·2183 12'505 12'216 0·2218 1"0243 0·2165 1'2461 0·8o25 
0·24 13·7510 0·2377 l3"62l 13·254 0·2423 1·0289 0·2355 r2712 0·7866 
0·26 14·8969 0·2571 14·732 14·271 0·2629 1·0340 0·2543 r2969 0·7711 
0·28 16'0428 0·2764 15·837 15·265 0·2837 1"0395 0·2729 1"3231 0·7558 
0·30 17'1887 0·2956 . 16·937 16·245 0·3045 ro453 0·2913 r3499 0·74o8 
0·32 ! 18·3346 0·31471 18·030 17'197 0·3255 1'0516 0·3095 1'3771 0·7261 
0·34 I l9·48o6 0·3331' 19·II6 18·134 0·3466 1·0584 0·3275 1'4049 07u8 
0·36 20·6265 0·3525 20·195 19·045 0·3678 1'0055 0·3452 1'4333 0·6977 
0·38 21·7724 0·3712 21·267 19"935 0',3892 1'0731 0·3627 1'4623 0·6839 
0·40 J 22·9183 0·3894 22·331 20·8o1 0·41o8 1 ·oSn 0 .. 3799 l ·4918 0·6703 
0·42 24·o642 0·4082 23·386 21·648 0·4325 l'o895 0·3g69 r5220 0·6570 
0·44 25·2101 0·4264 24·434 22·470 0·4543 1'0984 0·4136 1'5527 0·6440 
0·46 26·3561 0·4446 25·473 23·275 0·4764 r1077 0·4301 1'5841 0·6313 
0·48 2]"5020 0·4626 26·503 24·045 0•4g86 l"II74 0·4462 1'6161 0·6188 
0·50 28·6479 0·4So4 2r524 24·8o3 0·52n 1·1276 0"4621 1'6487 J 0·6o65 
0·52 29·7938 0·498o 28·535 25·533 0·5438 n383 0·4777 1'6820 , 0·5945 
0·54 30·9397 0·5155 29·537 26·245 0·5666 1'1494 0·4930 I'716o I 0·5827 
0·56 32·o856 0·5328 30·529 26·930 o·s897 1'1609 0·508o 1·7507 0·5712 
0·58 33·2316 0·5500 31·5u 2rs95 0·6131 i 1·1730 0·5227 l'786o I 0·5599 
o·6o 34 '3775 0·5669 32·483 28·237 0·6367 l ·1855 0'5370 l •8221 0·5488 
0·62 35·5234 0·5837 33·444 28·861 0·66o5 1'1984 0·5511 1'85891 0·5379 
0·64 36·6693 0·6oo3 34·395 29·462 0·6846 l"2II9 0·5649 l'8g65 ' 0·5273 
0'66 37'8152 0·6167 35·336 30·045 0·7090 l ·2258 0·5784 l ·9348 0·5169 
0-68 38·96II 0·6329 36·265 30·6o4 0·7336 I'2402 0·5915 l ·9739 0·5o66 
0·70 40·1070 0·6489 3r183 3r149 0·7586 1°2552 0·6o44 2·0138 0·4966 
0·72 41 ·2530 0·6648 38·091 31 ·670 0·7838 l "2700 0·6169 2·0544 0·4868 
0·74 42·3989 0·68o4 38•987 32·174 0·8094 l ·2865 0·6291 2·0959 0·4771 
0·76 43·5448 0·6958 39·872 32·663 0·8353 1°3030 0·64II 2·1383 0·4677 
0·78 44·6907 07111 40·746 33·132 0·8615 1'3199 0·6527 : 2'1815 0·4584 
o·So 45·8366 0·7261 41·6o8 33·587 0·8881 1·3374 0·6640 I 2·22

7
5
0
5
5 

.

1 

0·4493 
0·82 46·9825 07412 42·46o 34·025 0·9150 l ·3555 0·675 I 2'2 0·4404 
0·84 48·1285 0·7557 43·299 I 34·446 0·9423 1·3740 0·6858 2·3164 0·4317 
0·86 49·2744 0.7702 . 44·128 34·848 0·9700 1·3932 0·6963 2·3632 0·4232 
0·88 50·4203 0·7844 : 44·944 35·238 0·9gS1 1'4128 0·7o64 2·4109 J 0·4148 
0·90 51·5662 0·7g85 45·750 35·613 1·0265 r4331 0·7r63 2·45g6 0·4066 
0·92 527121 0·8123 46·544 35·976 1·0554 1·4539 0·7259 I 2·5093 I 0·3985 
0·94 53 ·858o 0·8260 47'326 36·323 l ·0847 l '4753 0"7352 2·56oo 0·39CJ6 
0·96 55·0039 0·8394 48·097 36•66o l"II44 1'4973 0·7443 2·6117 I 0·3829 
0·98 56·1499 0·8528 48•857 36·983 1·1446 1°5199 I 0'753! 2•6645 ·1 0'3753 
1 ·00 5r2958 0·8658 49·605 3r293 n752 l ·5431 1 0·7616 27183 0·3679 
l "02 58·4417 0·8787 50·343 37'593 1 ·2o63 l ·5669 i 0"7699 2·7732 0·36o59 
1'04 59·5876 0·8913 51·o69 37'88o 1'2379 1·59131 0·7779 2·8292 0·35345 
I'06 00°7335 0·9038 51783 38·158 1°2700 l ·6164 0·7857 2·8864 0·34646 
1,"08 61 ·8794 0·916o 52·485 38·423 l ·3025 I ·6421 0·7932 2·9447 0·33~ 
I'IO 63·0254 0·9281 53·178 38·677 r3356 1°6685 · 0·8005 · 3·0042 0·33287 
n2 64·1713 0·9400 53·86o 38·924 1'3693 r6956 J o·So76 I 3·o649 0·32628 
1·14 65·3172 0·9518 54·531 39·r6o r4035 1·7233 ' 0·8144 : 3·1268 0·31982 

l 
I"I6 66·4631 0·9632 55·189 39·387 1·4382 1·75171 0·8210 ; 3·1899 0·31l:!J39 
n8 6r6o9o 0·9745 55·837 39·6o7 1 ·4735 I l ·7So8 0"8275 I 3·2544 0·30728 

_1_·_20--'-l-6_s_·1_5_4_9_"----o-·9_s_5_7--'--5-6-·4_1_6_i'--5-9-·8_1_7~-1-·_so_9_s--'--I _1 ·_8_10_1_i'--o-·-83_3_1 __ ;~?_:~ ~·30119 
8 =the angle at the center of the hyperbola made by nny secant line nncl lite transverse nxis of the hyperbola. 
" =twice the area of the hyperbolic rector thus determined, the length of the semiaxis being unity. 
tan 8 = tanh u. 
v = an auxiliary angle called the gudermanian, *such that the equations of the hyperbola are x ~sec v, y = tan v. 

*Fat" representations of this angle and for further particulars concerning hyperbolic functions see Chapter IV, 
by James McMahon, In Merriman and \\'oodward's Higher Mathematics; and Hoiiel, Recueil <le Formules et de 
Tables numt'!rique. Newman artd Glaisher have tabulated e-• and e' in the Transactions of the Cambridge Phil. 
Soc., Vol. 13 ( 1883), III. 
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TABLE 46.-Hyptsrbolic f1mctionB-Contin ued. 

u 'IJ sinh u cosh u tanh" -=l I In degrees. 

8 e" 
Inclegrees. -=tnn v =secv =sinv 

·-------/ 
0 0 0 

! 

1 ·546o l ·8412 0·8397 3·3872 1"22 : 69·9009 0·9967 57"103 40·023 0·29523 
1·24 . 71·0468 1"0074 57"721 40·215 1 ·5831 1·8725 0·8455 3·4556 0·28938 
1°26 ' 72· 1927 l 0018o' 58·328 40·401 1·6209 1"9045 0·8511 3·5254 0·28365 
1·28 ' 73 ·3386 1"02841 58·925 40·582 1 ·6593 1 ·9373 0·8565 3 ·5966 0·278o4 
1·30 I 74«1845 1 ·0387 ' 59·51 l 40·753 1·6984 1 ·9709 0·8617 3·6693 0·27253 
r-32 75·6304 1·0490 6o·o87 40·920 1 ·7381 2·0053 0·86681 3·7434 0·26714 
1·34 I 76·7763 1·0586 6o·654 41·o8o 1°7786 2·0404 0·8717 3·8190 0·26185 
1·36 77"9223 1·o684 61·212 41 ·232 l ·8198 2·0764 0·8764 3·8¢2 0·25666 
1 ·3)) ' 79·o682 1·0779 61·758 41·38o 1°8617 2·u32 0·8810 3·9749 0·25158 
1·40; 80·2141 1·o873 62·295 41 ·523 1"9043 2·1509 0·8854 4·0552 0·2466o 
1·42 I 81 ·36oo 1"0¢5 62·823 41 ·657 I ·9477 2·1894 0"8896 4·1371 0·24171 
l "44 82·5059 l "1055 63·343 41·788 1·9919 2·2288 0·8937 4·2207 0·23693 
1·46 ' 83·6518 1°1145 63·851 41·915 2·0369 2·2691 0·8977 4·3o6o 0·23224 

1"481 
84·7978 1°1231 64·351 42·034 2·o827 2·3103 0·9015 4 3929 0·22764 

1°50 85·9437 l ·1317 64·843 42·148 2·1293 2·3524 0·9051 4·4817 0·22313 
1"52 8ro8¢ 1·1402 65·327 42·261 2·1768 2·3955 0·~7 4·5722 0.21871 
1"54 88·2355 1"1484 65·Soo 42·370 2·2251 2·4395 0·9121 4·6646 0·21438 
1"56 89°3814 1°1566 66·265 42·473 2·2743 2·4845 0·9154 4·7588 0·21014 
1°58 90·5273 1"1646 66·728 42·571 2·3245 2·5305 0·9186 4·8550 0·20598 
l"OO 91·6732 r1724 6r111 42·668 2·3756 2·5775 0·9217 4·9530 0·20190 
1°62 92·8192 I"l8oo 6r612 42·756 2·4276 2·6255 0·9246 5·0531 0·19790 ' 
r64 93"¢51 1"1876 ' 68·045 42·846 2·48o6 2·6746 0·9275 5·1552 0·19398 
x-66' 95 "I IIO 1 ·1953 ! 68·469 42·930 2·5346 2·7247 0·9302 5·2593 0·19614 
1·681 96·2569 1 ·2023 68·885 43·013 2·5896 2·776o 0·93;z9 5·3656 0·18637 
r70 97"4028 1·2094 69•294 43·090 2·6456 2·8283 0·9354 5·4739 o· 18268 
r72 ' 98·5487 1"2164 69•696 43·166 2·7027 2·8818 0·9379 5·5845 0·17907 
174 99·6947 1 ·2233 70·091 43·233 2 7609 2·9364 0·9402 5·6973 0·17552 
1·76 100·84o6 I "2300 70·476 43·303 2·8202 2·9922 0·9425 5·8124 0·17204 
1°78 101 ·9865 1°2366 70·856 43·373 2·88o6 3·0492 o·9447 5·9299 0·16864 
1·So 103·1324 I ·2432 71·228 43·433 2·9422 3·1075 0·9468 6·04¢ 0·16530 
1·82 104·2783 I ·2495 71 ·593 43"497 3·0049 3•1669 0·9488 6·1719 0:16203 
r84 105·4242 1·2559 71·952 43·556 3·o689 3·2277 0·95o8 6·2965 0·15882 
1·86 ! lo6·5702 1·2619 72·303 43·615 3·1340 I 3 ·2897 0·9527 6·4237 in5567 
l ·881 1or7161 1 ·268o 72·649 43·666 3·2005 3·3530 0·9545 6·5535 0·15259 
1·90 108·8620 I ·2739 72·987 43720 3·2682 3·4177 0.9562 6•6859 0·14957 
1·92 110·0079 I ·2797 73·319 43·770 3·3372 3·4838 0·9579 6°8210 0·14661 
1·94 lll"l538 1"2854 73·645 43·816 3·4075 3·5512 I 0.9595 6·9588 0·14370 
1·¢ 112·2997 I ·2910 73·966 43·864 3·4792 3·6201 0·9611 7"0993 0·14o86 
1·9B I 13·4456 1 ·2964 74·274 43·910 3·5523 3·6904 0·9626 7"2427 o· 138o7 
2·00 l 14·5916 r3017 74·584 43·950 3·6269 3 7622 0·9640 r3891 0·13534 
2·02 . I 15·7375 1·3070 74·886 43·993 3·7028 3·8355 0·9654 r5383 0·13266 
2·04 116·8834 r3122 75·183 44·032 3·78o3 3"9103 I 0·¢67 7"6900 0·13003 
2·o6 I 18·0293 1·3173 75·472 44·070 3·8593 3·9867 ' 0·968o r846o 0·12745 
2·o8 u9·1752 1·3222 75·758 44·1o8 3·939B 4·o647 I 0·¢93 8·0045 0·12493 
2·10 120·321 I 1 ·3271 76·037 44·145 4·0219 4·1443 0·9705 8·1662 0·12246 
2·12 ; 121 ·4671 1·3319 76·311 44·177 4·1055 4·2256 . 0·9716 8·331 I 0·12003 
2·141 122°6130 1 ·3365 76·578 44·2o8 4·1909 4·3o85 I 0·9727 8·4994 o· 11765 
2·16 123·7589 r3412 76·843 44·239 4·2779 4·3932 I o·9737 8·67!1 o·u533 
2·18 124·9048 1"3457 77·102 44·270 4·3666 4·4797 o·9748 8·8463 0·11304 
2·20 I 126·0507 1 ·3501 77·354 44·297 4·457 r 4·5679 o·9757 9·0250 0·11o8o 
2·22 I r2r1¢6 1·3544 77·603 44·327 4·5494 4·658o 0·9767 9·2073 0·1o861 
2·24 ' 128·3425 r3587 77·848 44·352 4·6434 4"7499 0·9776 9·3933 0·1o646 
2·26 I 129·4885 1 ·3628 78·o84 44·378 4·7394 4·8437 0·9785 9·5831 0·10435 
2·28 130·6344 I 03669 78·320 44·402 4·8372 4·9395 o·9793 9·7767 o·ro228 
2·30 I r31·78o3 r37w 78·549 44·425 4·9370 5·0372 0·98o1 9·9742 0·10026 
2·32 . 132·9262 1·3748 78·773 44·449 5·0387 5·1370 0·9Sog 10· 1757 0·09827 
2·341 134·0721 1·3787 78·996 44·469 5·1424 5·2388 0·9B16 10·3812 o·o¢33 
2·36 135·218o 1 ·3825 79·212 44·490 5·2483 5·3427 0·9823 10·5909 0·09442 
2·38 136•3640 1 ·3862 79·425 44·511 5·3562 5·4487 0·9830 10·8o49 0·09255 
2·40 137"5099 1 ·3899 79·633 44·532 5·4662 5·5569 0·9837 I I ·0232 0·09072 
2·42 138·6558 1·3934 79·836 44·549 5·5785 5·6674 0·98,13 11"2459 o·o8892 
2·44 139·8o17 1 ·3969 So·o37 44·565 5·6929 5·78o1 0·9849 I I ·4730 o·o8716 
2·46 140·9476 r4003 So·233 44·582 5·8og7 5·8951 0·9855 I 1·7048 o·o8543 
2·48 142·0935 1·4037 So·426 44·598 5·9288 6·0125 0·9861 I I ·9413 o-o8374. 
2·50 143·2394 1·4070 So·615 44·616 6·0502 6·1323 0·9866 12·1825 o·o82o8 

2·6o 148·¢90 I ·4227 81·504 44·683 6·6947 67690 0"9B90 13·4637 0·07427 
2·70 154·69B6 1·4366 82·310 44·741 7"4003 7"4735 0·99ro 14·8797 0·00721 
2·8o 16o·4282 1"4493 83·040 44·787 8°1919 8·2527 0·9926 16·4446 o·o6o81 
2·90 166·1578 1"4609. 83·701 I 44·828 9·05¢ 9·1146 0·9940 18·1741 0·05502 

I 
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TAnu: 46.-Ilyperbolio f1rnctio11s-Continued. 

h,:, .. ,,~ 
·-·-

., slnh 11 cash 11 tanh 11 

··--- --- 9 ---- --- -·- --· 

In degrees. =lan'l! =SCC V =sin v 

. ----- ----· ·-------·- ----- ---· 

0 0 0 

3·00 17r8873 r4713 84·301 44·861 10·0179 10·o677 0·9951 
3·10 11r6169 r48o8 84·841 44·883 u·o765 11·1215 0·9959 
3·20 183 ·3465 1"4894 85·331 44·900 12·2459 12°2866 0·9967 
3·30 189·0761 I •4971 

i 
85·775 44·925 13·5379 13·5748 0·9973 

3·40 194·8o57 1·5041 86·177 44·936 14·¢54 14"9987 0·9978 
3"50 200·5352 1 ·5104 86·541 44·948 16·54261 16·5728 0·9982 
3"6o 2o6·2648 r5162 86·870 44·961 18"2854 18°3128 0·9985 
3·70 2u·9944 1·5214 8r168 44·¢6 20·2113 ' 20·236o 0·9988 
3"8o 21r7240 l ·5261 8r445 44·971 22"3394 I 22·3618 0·9990 
3·90 223·4535 1·5303 8r681 44·975 24·69u 24·7u3 0·9992 
4·00 229·1831 r5342 8r901 44·98<J 2r2899 2r3oS2 0·9993 

5·00 286·4789 1·5573 89·227 44·989 74·202 74·2o8 0·9999 
6·00 343·7747 1°5658 89·716 44·993 20171 201·72 0·9999 
roo 401·0705 I ·5690 &)•&)5 45·000 548·35 548·35 1·0000 
8·00 458·3662 I ·5701 89·900 45·000 1490·5 1490·5 1°0000 
9·00 515·6620 r5705 &)•986 45·000 4051•6 4051·6 1·0000 

10"00 572·9578 r57o6 89·995 45·000 II013"2 I 1013·2 1·0000 
(0 w I ·5708 90·oco 45·000 00 00 1·0000 

e'' -r 11 e" +e·" sinh u e" -e" 
slnh u....:..: ·------;-· -, cosh" .-= --- 2• tanh u =cash.ii =-eu+e~"· 

'fAll!.F. 47.-Perfod of a ware. 

~----------------- ·--- --------------· 

Depth of 
water (h). -----·-----·--·----

I,ength of wave in fret (A). 

·----···----

·-

e" ,-v 

2o·o855 I 0·04979 
22·198o 0·04505 
24·5325 . 0·04076 
2TII26 I 0·03688 
29·¢41 ' 0·03337 
33·1155 0·03020 
36·5982 0·02732 
40·4473 0·02472 
44·7012 0·02237 
49·4024 0·02024 
54·5981 0·01832 

148·41 o·oo6738 
403·43 0·002479 
10¢·6 0·000912 
2981 ·o 0·000335 
8103·1 

o·~ 22026·5 0·000045 
00 0 

IO 100. I 000 IO 000 I 100 000 I 000 000 I 10 000 ()()() 100 000 000 

Feel. 

IO 
100 

I 000 
IO 000 

100 000 

~ Seco~~ Secon~-:-.-1 Seconds. -
0·442 1"873 1r641 
0"442 I ·398 5·922 
0"442 I "398 4·419 
0·442 r398 4·419 
0"442 I ·398 4·419 
0·442 1"398 4·419 

·---

<;econds. 
176·29 
55789 
18726 
13"975 
13·975 
13"975 

Srcmzds. 
1762·9 
557"51 
176·41 
59·218 
44·192 
44·192 

The period ( r) of a wave is determined by the equation 

·------. 

I 
Scco11ds. 

17629 
5575·1 
1762·9 
55r89 
1Sr26 
139·75 

r"=~~/tanh :.!!__!z, = _o:.!_9~~ -- /z 
g A. tanh 6·283185-X 

whereg is taken equal to 32·1722 feet per second, as in this table; or 

•- 0·195373 A. r - - ---- · - - lz 
tanh 6·283185 X 

if g is taken equal to 32· 16. 

Seconds. Seco11ds. .vconds. 
176295 1762947 17629473 
55751 5575o8 5575o85 
17629 176295 1762947 

5575·1 55751 5575o8 
1764·1 17629 176295 
592·18 5579 55751 

---
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TAnu: 48.-Wai:c velocity. 

Depth of water: 
Length of wave in feet (.\). 

(h). 

I 
·----------·- -----·----

I IO 100 I 000 IO 000 100 000 I 000 000 10 000 000 100 000 000 Infinite. 

- - -------
Feel. Ft./ sec. Ft./ sec. : Ft./ sec. Ft./ src. Fl./ sec. Ft./ sec. Ft./ sec. Ft./ sec. Ft./ sec. 

I 2·262 5·340 5·668 5·672 5·672 5·672 5·672 5·672 5·672 
IO 2·262 7'156 16·89 17'92 1]'94 17'94 17'94 17'94 17'94 

100 2·262 ]"156 22·63 53·40 56·68 56·72 56·72 56·72 56·72 
l 000 2·262 r156 22·63 71·56 168°9 179·2 179·4 179·4 179·4 

IO 000 I 2·262 r156 22·63 71"56 226·3 534·0 566·8 56]"2 56]"2 
100 000 I 2·262 r156 22·63 71·56 226·3 715·6 1689 1793 1794 

The wave velocity, i. c., velocity of propagation, is 

'A /r. 

Tables 47 and 48 are adapted from Airy's Tides and 'Vavcs. 

TABLE 49.-Ratio of i·ertical lo horizpntal a.c68 of elliptio orbits of water pai·ticles. 

o·oo 
0·01 
0·02 
0·03 
0·04 
0·05 
o·o6 

2Tr~ 
··------- --

o·oooo 
0·0628 
0·1257 
0·1885 

I 0·2513 
I 0·3142 

0·3770 
0·4398 
0·5027 
0·5655 

' 
Ratio of i 

axes. I 
··-· ·----! 

i o·oooo. 
o·o627 · 
0·1250 I 
0·1863 I 
0·2461 
0·3042 I 
o·36o1 I 
0·41341 
0·4642 
0·5120 

; 

.t ' ;· 
>. i 2 rr-A 

I 
O"IO I 0·6283 
0·12 I 07540 
0·14 i 0·87g6 
0·16 : 1"0053 
0·18 I 1"1310 
0·20 I r2566 

0·251 
r57o8 

0·30 1°8850 
0·35 2·1991 

1· Ratio of .!'. 2 ,,.-1' Ratio of 
axes. >. >. axes. 

.------

0·5568 0·40 2·5133 0·9869 
0·6375 0·50 3·1416 0·9962 
0·7062 o·6o 3·7699 0·9989 
0·7638 0·70 4·3982 0·9995 
0·8113 0 So 5·0265 0·9999 
0·8501 0 90 5·6549 0·9999 

0·9171 i 
I"OO 6·2832 0·9999 

0·9549 II IO"OO 62°8319 1·0000 
0·9757 00 CD 1·0000 

I 

Ft./ sec. 
5·672 

17'94 
56·72 

179·4 
56]"2 

1794 

The maxiuum horizontal displacement at the bottom (where y = o) being A, and 2A, the distance between the 
l"oci of the elliptic orbits, the maximum displacements for other depths arc: 

;which is the ratio tabulated above. 

y 
x = A cosh ty =A cosh 2 n -il, 

y =A sinh ly =A sinh 2 n {; 

· Y = tanh 2 n }' .. x '}._• 



618 UNITED STATES COAST AND GEODETIC SURVEY. 

TABLE 50.-Propagation of 11 free tide wave along a uniform cha1111el. 
-----'----------------------------------------~ 

Time required to travel I Differenc~ in phase of tide wave Depths. 

Fath­
oms. 

0 

2 

3 

4 
5 
6 
7 
8 
9 

IO 

115 
20 
30 
40 
50 
6o 
70 
8o 
90 

100 
150 
200 
300 
400 
500 
6oo 
700 
8oo 
900 

1000 
1500 
2000 
3000 
4000 
5000' 
6ooo I 
7000: 

l~i 

l'eet. 

0 
I 
2 

3 
4 
5 
6 
7 
8 
9 

IO 
11 
12 
13 
14 
15 
16 
17 
18 

24 
30 
36 
42 
48 
54 
6o 
90 

120 
18o 
240 
300 
36o 
420 
48o 
540 
6oo 
goo 

1200 
18oo 
2400 
3000 
36oo 
4200 
48oo 
5400 
6ooo 
9000 

12000 
18ooo 
24000 
30000 

36ooo I 42000 
48ooo I 

=1 

Velocity of propagation. 

--------
Knots, or 

Feet per nautical Statute 
second. miles, per miles per 

hour. hour. 

-·----

o·ooo 0'000 o·ooo 
5·672 3·358 3·867 
8·022 4750 5·469 
9·824 5·817 6·698 

u ·344 6·717 7"735 
12°683 7"510 8·648 
13·894 8·226 9·473 
15·007 8•886 10·232 
16·043 9·499 10·938 
rro16 10·075 l l ·6o2 
17"937 10·620 12"230 
18°812 u ·139 12"826 
19·649 l I ·634 13 ·397 
20·451 12"109 13 ·944 
21"223 12·566 14·470 
21 ·968 13·007 14·978 
22·688 13 ·434 15·469 
23·387 13·847 15·945 
24·o65 14·249 16·4o8 

2r787 16·453 18°946 
31·o67 18·395 21·182 
34·032 20"151 23·204 
36·759 21·765 25·o63 
39·297 23·268 26·794 
41 ·681 24·68o 28·419 
43·936 26·m4 29·956 
53·810 31 ·861 36·688 
62·134 36·790 42·364 
76·099 45·058 51·885 
8r871 52·029 59·912 
9B·243 58·170 66·9B4 

10r620 63·722 73·377 
116·243 68·828 79·256 
124·268 73·580 84·728 
l31·So7 78·043 89·868 
138·936 82·265 94·729 
170· 162 100·754 n6·019 
196·486 n6·340 133·968 
240·645 142·487 164·076 
277·873 164 ·530 189·459 
310·671 183·950 I 2II"821 
340·323 201·507 ! 232·039 
36r59r '""'" I '50·630 392·971 232·68o 267"935 
416·809 246·795 284·188 
439·356 26o·145 299·561 
538·098 318·61 I 366·885 
621 ·342 36r900 423·643 
76o·986 450·584 518·854 
878·7n 520·289 599·121 
9B2"428 581 ·701 ' 669·838 

ro76·20 637·222 / 733·770 
u62·43 688·278 I 792·563 
1242·68 735·Soo · 84r283 
1318·07 78o·434 I 898·682 
1389·36 822·650 I 94r294 

: 

Wave 
length, 
statute 
miles. 

o·oo I 
48·03 
6,-93 ' 
83·20 I 
96·07 I 

107"41 i 
117·66 ' 
12r09 I 
135·86 
144"10 
151 ·90 
159·31 
166·40 
173·19 
179·73 
186·04 
192·14 
198·05 
20379 

235·32 
263·09 
288·21 
3u·30 
332·79 
352·9B 
372·07 
455·69 
526·19 
644·45 
744·14 
831·9B 
9n·39 
9B4"4I 

1052·38 
I l 16·22 
n76·6o 
1441 ·03 
1663 •96 
2037"92 
235y19 
2630·95 
2882·o61 
31r2·9B 
3327"91 
3529·79 
3720·72 
4556·94 
5261·90 
6444·48 
7441·44 I 
8319·78 
9uy87 
9844·10 I 

10523·79 

u765·96 
IIr62·17 I 

1 foot. 1nnut.mil I 'per ·t t t 
e-i' stat. mile./ u~ife.u e 

I -·-·!---- - -- ---

s. ,,_ lz. 0 

0·1763 0·2978 
0·1247 0·2105 

0·2586 7"4953 . 
o· 1828 5·29¢' 

0·1018 0·1719 0·1493 4·3269 
o·o8818 0·1489 0·1293 37472. 
0·07886 0·1332 0·1156 3·3517 
0·07199 0·1216 
o·o6662 0·1125 
o·o6234 0·1053 
0·05877 0·09921 
0·05574 0·09416 

0·1056 3·0597 
0·09775 2·8327 
0·09141 2·6498 
0·08621 2·4983 
0·08177 2·3700 

0·05316 o·o8985 
0·05o89 o·o8598 
0·04890 o·o8258 
0·04713 0"07955 
0·04552 0·07686 

0·07794 2·2597 
0·07463 2·1635 ' 
0·07174 2·0785 
0·06g11 2·0030 
o·o6676 1 ·9351 

0·04407 0·07446 
0·04275 0·07220 
0·04156 0·07018 

0·06464 1·8737 
0·06270 1·8177 
0·00CJ94 x ·7664 

0·03598 o·o6o79 
0·03219 0·05435 

0·05277 1·529B 
0·04721 l •3683 

0·02939 0·04963 
0·02720 0·04593 
0·02545 0·04297 

0·04310 1 ·2491 
0·03990 1·1564 
0·03733 1·o818 

0·02399 0·04052 
0·02276 0·03845 

0·03519 1 ·0199 
0·03338 0·9675 

0·01858 0·03139 
0·01610 0·02718 
0·01314 0·02219 
o·ou38 0·01922 

0·02726 07900 
0·02361 0·6842 
0·01927 0·5586 
0·01669 0·4838 

0·01018 0·01719 0·01493 0·4327' 
0 01363 0·3950' 
0·01262 0·3657 
0·0118o 0·3421 
0·01113 0·3225 
0·01056 0·306o 
o·oo862 0·2498 
0·007463 0-2163 
0·0D6o94 0·1766 
0·005277 0·1530 
0·004721 0·1368 
0·004310 0·1249 
0·003990 0·1I56 
0·003733 0·1o82 
0·003519 0·1020 
0.003338 o·CJ967 

. 0·002726 0·0790 
I 0·002361 o·o684 f 

0·001927 0·0559 i 
0·001669 0·0484 i I 0·001493 0·0433 i 
0·001363 0·0395 
0·001262 0·0366 

0·0342 
0'001113 0·0323 
0·001056 0·0306 

per foal. 

[o·a:; - I ~=· 
14196 2478 
10037 ' 1752 
o8195 1430 
07097 1239 
o6348 lloS 

05795 1011 
05365 0936 
05019 o876 
04732 o826 
04489 0783 
0428o 0747 
04098 0715 
03937 o687 
03794 o662 
03665 o640 
03549 o619 
03443 o6o1 
03345 0584 

02897 05o6 
02591 0452 
02366 0413 
02190 0382 
02049 0358 
01932 0337 
01832 0320 
01496 0261 
01296 0226 
01058 0185 
00916 OI6o 
00820 m43 
00748 0131 
oo693 0121 
oo648 0113 
oo6II 0107 
00579 0101 
00473 oo83 
00410 0072 
00334 0058 
00290 0051 
00259 0045 
00237 0041 
00219 0038 
00205 0036 
00193 0034 
00183 0032 
00150 0026 
00130 0023 
001o6 0019 
00092 0016 
00082 0014 
00075 • 0013 
ooo69 0012 
ooo65 OOII 
ooo61 0011 
00058 0010 

0·009294 0·01569 
o·oo86o6 0·01453 
o·oo8o45 0.01359 
0·007587 0·01281 
0·007199 0·01216 
0·005877 0·00992 
0·005089 o·oo8598 
o·oo.p56 0·007018 
0·003598 o·oo6o79 
0·003219 0·005435 
0.002939 0·004963 
0·002720 0·004593 
0·002545 0·004297 
0·002399 0·004052 
0·002276 0·003845 
0·001858 0·003139 
0·001610 0·002718 
0·001314 0·002219 
0·001138 0·001922 
0·001018 0·001719 
0·000929 0·001569 
0·000861 0·001453 
o·ooo804 0·001359 
0·000759 : 0'001281 
0·000720 I 0·001216 

·---'-----'-----------'------

I o·oouSo 

Velocity=-.; git 
where 1z =the undisturbed depth in feet and g =the acceleration of gravity, assumed to he 32•1722 feet per second 
in this computation. 
If 

r=the periodic time(= 12·4206o12 solar hours or= Yz lunar day for the tide wave), then 

.:l, or wave-length,= r vji!i feet=__! __ .y gh miles. 
52So 

6o0 ' 
Difference in phase=~. 
The nautical mile is taken as 6o8o feet. 
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PREFACE. 

In the annual report of the Superintendent of the United Stat13s Coast and Geodetic Survey 
for 1893, Appendix No. 3, a description is given of phototopography as .practiced in Italy and in 
the Dominion of Canada. 

The Oanadian surveying camera and the Italian phototheodolite, which have been described 
in said appendix (:No. 3, 1893), have- both been replaced by improved and more effective instru­
ments, which will be described in the paper herewith presented, together with other photographic 
surveying instruments that may be regarded as typical representations of the different forms 
now in use. 

Notwithstanding the rapid rise in the popularity of photographic surveying in general, we 
still meet with many who express doubt as to the practfoal value and accuracy of photographic 
surveying methods, either from ignorance of those methods, from defective results obtained from 
the application of photography to the survey of areas not adapted for a phototopographic devel­
opment, or, more frequently, from th~t extreme conservatism which meets all innovatioi1s with 
more or less doubt and distrust. Others, again, may have failed to take kindly to photographic 
surveying, supposing a thorough familiarity with the theories and laws of optics, descriptive 
geometry, perspective drawing, and general cartography to l>e essentials, without which no prac­
tical knowledge and understanding of photogrammetry may be obtained. 

Although it should be admitted that such knowledge will enable the student to master photo­
topography in a rapid and easy manner, giving him a great advantage in and au enlarged field 
for the practical application of the same, or in teaching its methods to others, yet the fundamental 
principles underlying this art are so simple that it is believed any topographer or land surveyor, 
with the knowledge that he should possess as such, can readily acquire enough of the theoretical 
fundamental principles to become fully able to apply photography successfully to practical surveys. 

Although it will not fall within the scope of this paper to enter into the study of either optics, 
descriptive geometry, perspective, photo-chemical analysis, or cartography, it will show in a gen­
eral manner how photography has been applied to topographic surveys by describing the simple 
processes and methods that will suffice to direct beginners in their practical applications, leaving 
it to experience and subsequent special study to determine the measure of success, the more so as 
several excellent works and text-books on photographic surveying have recently been published 
in the English, French, Italian, and German languages. 

The compiler of this paper having consulted all available publications describing photo­
topographic methods, both foreign and domestic, gladly expresses bis indebtedness for information 
on this subject to Oapt. R Deville, surveyor-general of Dominion lands; to Mr. W. F. King, 
Alaskan boundary commissioner to Her l\f!\iesty, Ottawa, Canada; to Col. A. Laussedat, director 
of the Conservatoire des Arts et Metiers, Paris; and particularly to the following publications: 

La Fototopografia in Italia, Rivista l\farittima, L. P. Paganini, 1889, Fasc. VI and VII. 
Nuovi Appunti di Fototopografia, Rivista l\Iarittima, I1. P. Paganini, 1894, E. 0. Forzani. 
Zeitschrift fiir Vermessungswesen. 
Die photographiscl.ie l\fosskunst, Prof. Franz Schiffner, Halle a. S., Wilhelm Knapp, 1892. 
Photographic Surveying, E. Deville, Ottawa, 1895. 
Zeitschrift fiir Iustrumenteukunde. 
Oomptes Rendus de l'Academie des Sciences, Paris, Revue Scientifique, No. 26, I; No. 3, II; 

1894. 
Die photographi8che Messkuust, Franz Schilliier, Halle a. S., 1892. 
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APPENDIX NO. 10-1897. 

PHOTOTOPOGRAPHIC METHODS AND INSTRUMENTS. 

By J. A. FLl':MER. 

INTRODUCTION. 

Topography is that branch of surveying which pictures the shape of the outer visible surface 
of the earth, in reduced scale, as a horizontal projection, yet showing the relative positions of 
points of the terrene also in the vertical sense. It is, therefore, supplementary to g.eodesy in 
representing areas of the earth's surface, including all the necessary. details and changes in the 
terrene, by means of instrumental measurements made in the field. 

The work of filling in the details-topographic surveying in the closer sense--may be 
accomplished by various methods, differing in the matter of costs, time, and attainable accuracy; 
one may be advantageously employed for one class of work, while another may be preferable for 
another class or locality, under ditterent conditions, and the method best adapted for any partic­
ular region should be employed to obtain the best results. Minute and detailed methods, with 
ensuing accurate results, should be applied to cities and all closely settled regions, to the coastal 
belts, larger river valleys and lakes, particularly when navigable, and this work should be platted 
on a large sea.le. 

Arid, barren, and mountainous regions, as well as prairies and swamp lands, when sparsely 
settled, should be more generalized in their cartographic representation and platted on a small 
scale. 

Topographic surveys may be accomplished in various ways, of which the following are the 
methods and instrumental outfits more frequently in use: 

I. The direct platting to scale in the field of all features t.:> be represented on the :finished · 
chart: 

(a) With a plane-table and steel tape measure. 
(b) With a plane-table and telemeter or stadia rods. 
(o) With a tachygraphometer and telemeter or stadia rods. 
( d) With either outfit mentioned under a and b, but with a leveling instrument in addition for 

a more precise location of the horizontal contours. 
(e) 'using a barometer instead of a level for less accurate work. 
'II. The compilation of all available data-cadastral surveys, public land and county survey~, 

railroad and canal snrveys-giving principally the horizontal distances and making a supple­
mentary survey to supply the missing data, which in this case are principally elevations that may 
be supplied by leveling profiles, by trigonometric leveling, by interpolation and sketching. 

III. The records of the survey are in the shape of field notes and sketches (tachymetry), the 
map being produced by platting the r~corded data in the office: 

(a) With a surveyor's compass and steel tape, locating the relative positions of characteristic 
points in the horizontal sense, while their relative elevations are ascertained by means of a level 
and minor details are sketched. 

(b) By means of a transit and steel tape points are determined both gevgraphically and 
hypsometrically (using vertical angles), and minor details by sketching. 
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( c) By means of a transit and telemeter or stadia rods. 
(d) By means of a ta.chymeter and stadia rods (elevations being obtained mechanically with 

the instrument). . 
(e) By means of a transit with steel tape or telemeters, combined with a leveling instrument 

(fl'r locating horizontal contours). 
(/) By using a specially constructed aneroid barometer (Goldschmidt's) in place of the level 

for locating and tracing the horizontal contours in the field. 
IV. The field records for developing the terrene are represented by photographic negatives, 

taken under special conditiqns (for phototopographic purposes) from known station<i: 
(a) With a camera or phototheodolite, telemeters, or other distance measures (and often a 

barometer for obtaining elevations). 
(b) With a surveying camera, a separate theodolite, telemeters and aneroid barometer. 
(c) With a photographic plane table, a distance measure, and aneroid barometer. 
( d) With a surveying camera, a separate plane table, and distance measure, frequently using 

an aneroid barometer for camera stations occupied without the plane table. 
V. The topographic survey may be accomplished by means of a specially constructed survey­

ing camera attached to a free or captive balloon. 
After the area which is to be surveyed has been covered with a net of triangles and polygons 

it will have been provided with a framework of lines of known lengths and direction (triangulation), 
forming a skeleton survey of the country, and after the natural and artificial features have been 
filled in by one of the numerous topographjc methods Uust mentioned) with more or less detail 
and accuracy we will have a topographic survey of the area of more or ]Ass precision. 

A good example of changi1og the method with.the locality may be cited in the new survey of 
Italy, where Paganini's results fully proved the efficiency of phototopography for alpine work 
(platted on a scale of 1: 25000 and 1: 50000) and led to the adoption of the phototheodolite as an 
auxiliary instrument to the plane table, the latter being used for mapping the areas below 2,000 
meters, while the phototheodolite was exclusively used for the delineation of the terrene situated 
above that altitude. 

Photogrammetry proper (or metrophotography) should be applied to the art of taking perspec­
tive views of buildings with a photographic camera for the purpose of constructing therefrom their 
elevations and ground plans, and it is used principally for architectural, archmological, and engi­
neering purposes. 

The term photot~pography (or topophotography) should be generally adopted for all topographic 
surveys based on perspective views of the terrene obtained by means of the camera. 

Under photographic survey we could then class all surveys based on photographic data which 
do not include the orographic delineation of the terrene. 

Iconometry means the measuring of dimensions of objects from their perspectives (" Bildmess­
kunst" ), and this term could well be applied to those graphic constructions which serve to convert 
perspectives into horizontal projections; iconometry is the reverse of perspective drawing. 

Photography haA been very successfully employed for topographic surveys in Italy, Austria, 
and Canada, and for the production of the extensive topographic reconnaissance maps of south­
eastern Alaska. 

Although this method, invented and elaborated. by Colonel Laussedat, found its first appli· 
cation in France, still, both in France and in Germany, it was originally preempted by the mili­
tary authorities, under whose auspices it was developed and chiefly used for so-called secret or 
military surveys; lately, however, photography has found a wider and more general application 
to surveying in those two countries, and we find this method now in use also in Greece, Spain, 
Portugal, Norway, Belgium, Mexico, Chile, Peru, Tonquiu, Brazil, Argentine Republic, Switzer­
land, and England. 

Although Lieut. Henry A. Reed has, for several years past, taught phototopography, theoret­
ically and practically, at the United States Military Academy at West Point, there seems to be no 
record of any further work of this kind undertaken by others in the United States. 

In the following paper we will treat principally of those plwtogrammetric methods which are 



REPORT FOR 1897-PART II. APPENDIX NO. 10. 629 

applicable to topographic surveys, ~!though the same principles underlie also the methods in use 
when applying photography to-

Gcological surveys.-For the study of changes in glaciers (glacial motion or variation) based 
upon the comparison of glacier maps, obtained at stated time intervals from identical and known 
camera stations; for volcanic eruptions and their effects; for the study of periodical changes in 
sand dunes due to recurrent winds blowing froru one direction at regular intervals, etc. 

Meteorologic observations.-For the study of the higher aerial currents and clond altitudes, 
based upon iconometric cloud charts, obtained by simultaneous photographic records on plates 
exposed at different stations at stated time intervals; for the study of the paths of lightning, 
their lengths, etc. · 

Hydrographic surveys.-Por the location of rocks, buoys, etc.; for the study of fluvial currents, 
riparian changes due to corrosion, erosion, etc.; for obtaining coast views from points marked on 
the sailing charts to facilitate the locating of the position of vessels when approaclling laud, etc. 

Engineering.-To estimate the amount of work done at any date by means of photographic 
surveys tllat show the status of the work (excavations, fills, structural buildings, etc.) at stated 
time intervals, etc. 

Architectural purposes.-For constructing the ground plans and elevations of old buildings 
from their perspective views (photographs), for purposes of remodeling, renovation, or preservation. 

Military and secret surveys, and so on. 



CHAPTER I. 

FUNDAMENTAL PRINCIPLES OF ICONOMETRY. 

If only one perspective of an object, including its distance line, the principal point, and the 
horizon line is given-in other words, if the point of view and the central projection upon a 
vertical plane of an object are given-the object itself can not yet be determined regarding its 
position and dimensions. In the same way the geographic position of a point can not be located 

by means of the plane table from a known station, unless direct measurements to ascertain the 
distance of such point from the station are resorted to. 

If, however, two different perspectives (including their elements) of the same object, obtained 
from two different known stations, are given, the dimensions and the position of the object with 
reference to the two stations may be determined iconometrically in a manner analogous to tha~ in 

I 
I 
I 
I 
I 
\ 

\ 
\ I 

' I ', // 

...... ,,./ '-...._ ____ __ 

fJG.'2.. 

which a point is located (by intersection) on the plane-table sheet by being ob.served upon from 
two different plane·table stations. 

Referring to fig. 1, the positions of the camera stations A and A', also the distance A A', may 
be given, and two photographs containing the image t of an object 1', including the image a' of 
the other camera station, may have been obtained from the two stations. 
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If the base Jine A A', fig. 2, be laid clown on paper, in reduced scale, and if the pictures 1lfN and 
M' N', fig. 3, be brought into the same relative positions with reference to the platted line which they 
bad at the time of their exposure in the field, the position '1' of the pictured point (with reference 
to the platted points A and A') may be located by drawing the rays At and A' t' to their inter­
section. To locate the platted position of T the horizontal pr~jections of the rays A t and A' t' 
are brought to their intersection on the platting sheet, fig. 4, which may be done by ascertaining 

M t M' 
t 

' I 
' r I 
I x p l 

I 

a p',,:lt: 
t a· r 

N N' 

the proper positions of the lines of intersection of the picture planes with the horizontal platting 
plane with reference to A and A' (by "orienting" the picture traces). 

The map being the orthogonal projection of the terrene in horizontal plan, the horizontal 
projections of the perspectives (or picture planes exposed in the vertical plane) will appear as 
straight lines, termed "picture traces," fig. 4. 

The correct orientation of the picture traces forms the most important part of i-conometric 

A 

.. · f· ~ .. ,,_' .... -.... 

,"' 

.0, 
, , T ..... 

.. .. .. 
'·, ... 

.......... ~ 

platting, the subsequent location of pictu,re points being accomplished by bringing the horizontal 
projections of the visual rays-lin~s of direction-drawn to identical points to their corresponding 
intersections. 

I. ORIENTING THE PICTURE TRACES ON '£HE WORKING SHEET. 

(1) A base line AA', measured in the field, has been platted to scale, fig. 2, and two pictures, 
MN and 11!' N', fig. 3, had been obtained from the camera stations A and A 1 respectively by 
meaus of a surveying camera. The focal lengths of the pictures (=/ and .f respectively), the· 
positions of the principal points (P and P'), and the horizon lines may also be given. 

It is desired to locate T with reference to AA' upon the working sheet. 
The distances: AP=f; A' P' =f' (fig. 4); tP, t'P', Pa' and P'a (to be measured on the pictures 

MN and Jl1' N' respectively) and the line·AA' are given. 
The distances Aa' and A'a may be found graphically (by constructing the right-angle triangles 

AI'a' and A' I''a), or they may be computed from the equations: 

Aa' = v' (.fl P)2 + ( l'a' )2 

These distances are now laid off upon AA' from A. and A' respectively, semicircles are 
described over Aa' and A'a., and two circles are drawn about A and A' with/ and/' respectively, 
as raclii. 



632 UNITED STA.TES COAST AND GEODETIC SURVEY 

The intersections P and P' of these two pairs of circles locate the horizontal projections of 
the principal points on the two picture-traces, the latter being represented by the tangents Pli' 
and P'a. The distances x (=Pt) and x' ( = P 1t 1

) are now measured on the pictures and laid off on 
the tangents as indicated in fig. 2, when the intersection of the lines drawn from_ A and A' 
through the points (just found) t and t' will loc:ate the horizontal projection of 1' with reference to 
A and A'. 

(2) The instrument used was a camera or phototheodolite: 
In this case the angles a and a' (fig. 2) may be measured directly in the field. 
We now plat the angles a and a' upon the base liue AA' and make AP =f and A' P' =f'. 
The perpeud1culars to AP and A 1P 1 iu P aud P', respectively, will represent the picture. 

traces (ta' and t'a) in correct orientation. 
(3) When several pictured points (triangulation points) and the base line are given on the 

working sheet, the orientation of the picture-traces upon the map-projection may be accomplished 
as follows (fig. 5): 

' ' ..... 

' 

The rays AB, AO, AD, and A'B, A 10, A'D are drawn upon the iconometric platting sheet, 
the points B, G, and JJ being already platted on the same. 

M M' 
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a Pc b a. 

N N 

F1G 6 

The points b, c, P, d, and a are transferred from the horizon line 00' of the negative llfN (fig. 6) 
upon the perfectly straight edge of a strip of paper, which is placed upon the radials drawn from 
A (as center) to the points B, C, I>. Tile strip is now moved about until 

b falls upon the ray AB 
c falls upon the ray AO 
ii falls upon the ray AD 
a' falls upon the line AA' 
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The line AP should now be perpendicular to the straight edge of the paper strip, and the line 
bcda' drawn upon the working sheet (along the straight edge of the paper strip) will represent the 
oriented picture-trace of MN-

.AP will be the distance line, and 
P will be the horizontal projection of the principal point. 

The same having been done regarding the point A' and its picture J11 1N 1
, both picture-traces 

will be oriented and the positions of a,ny additional points, that may be identified on both pictures, 
may be located by platting their abscissro (measured on the horizon lines of the pictures, regarding 
Pas the origin of the coordinates) upon the picture-traces on the proper sides of the principal 
points. Lines drawn from the station points, -'1 and A', through such corresponding points on 
the picture-traces will locate the relative positions of such points on the platting sheet by their 
points of intersection. 

II • .A.RITHMETIO.A.L DETERMIN.A.TION OF THE PRINCIPAL .A.ND HORIZON LINES ON THE PICTURES. 

In the preceding it had been assumed that each perspective was provided with the principal 
and horizon lines, which would be the case when an adjusted surveying camera or llhototheodolite 
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s 
had been used for obtaining the pictures. When an ordinary camera (with provisions to maintain 
the picture plane in a vertical position) or an unadjusted surveying camera is used, the correct 
position of the principal and horizon lines as well as the length of the distance line (focal length) 
must be ascertained, which may be accomplished in various ways: 

(1) Determination of the principal point and distance Une of the perspective.-A plumb-bob, 
suspended in such a way that the plumbline will be photographed upon the negative, may serve 
to establish the direction of the principal line VV tfig. 7) upon the trial plate. 

· The negative may also contnin the images a, b, c, . . . . of three or more points A, B, O, 
. • • • of known pmiitions. A line hh is drawn upon the negative perpendicular to VV, and 
the straight edge of a paper strip is placed upon this line. Tlie pictured poi11ts a, b, c, . . . • 
are now projected upon the straight edge of the paper by drawing parallels to VV through the 
points a, b, c, . . . . (fig. 7). 

After having drawn radials from the platted station S to the points A', B 1
, 0', . . 

the paper strip is adjusted over the former in such a way that the image projections a', b', c' will 
fall upon their corresponding radials, when the position (as indicated by the line hh) of the paper 
strip's edge will be the oriented picture trace. If we now draw a line (SP') from the platted 
station S perpendicular to hh, the point P' will be the horizontal projection of the principal point 
P, and SP' will be the distance line (=f) for the picture MN. 
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Whenever the positions of the points A, B, O, . . . . with reference to the station 8 are 
not known, it will become necessary to observe the horizontal angles ASB, BBC, CBD, . . .. 
instrumentally from the station B, and plat the same upon a sheet of paper in order to adjust the 
paper strip upon the radials, in the manner just described, to find the principal point and distance 
line (focal length). 

(2) Determination of the position of the horizon line on the perspective.-When the elevations 
AA', BB', 00', . . . . of the points A, B, C, . . . • above the horizon of the station ( S) 
are known, the position of the horizon line (oo') (fig. 8) may be found by constructing or by 
computing the lengths of the ordinates aa', bb', cc', . from the relations: 

whence 

' 

aa': AA'= Sa': BA' 
bb': BB' = Sb': SB' 
cc': CO'= Sc': 80'. 

aa' = Sa
1
.AA

1 
=Y' 

SA' 

bb' = Sb~:,B' =y', etc. 
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The distances Sa', Sb', Sc', are taken from the platting sheet (fig. 8) and the distances 
SA', SB', SC', . . . • . as well as the differences in elevation AA', BR', 00', 
are known (if the points A, B, O, . . . had been located in the horizontal and vertical sense 
with reference to the station S). 

For example: 
Difference in elevation bet.ween A and A'= mom. 
Distance of A' from the station S = 1000"'. 
Distance Sa', measured on the platting sheet,= 0·5m. 

The ordinate aa' = 0·5 x lOO = 0·05"'. 
1000 

The horizon line (oo') on the negative will be 50 mm. vertically below (parallel with VV) the 
pictured point a. 

The direction of VV (the principal line) being parallel to the pictured plumb line, this distance 
aa' is laid off in the same direction below a, and a line 001

, drawn at right angles to VV through a', 
will locate the horizon line. The ordinates bb', cc', . . . . of the other pictured points may 
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well serve to check this position of 001
• The horizon line will be the tan~nt to the arcs described 

with aa', bb', cc', . • . • about a, b, c, . . . . respectively, as centers. 
The principal point P, may now be transferred to the negative by using the paper strip, and 

the line drawn through P perpendicular to oo' will be the principal line for the picture MN. 

III. GR.A.PHIO METHOD FOR DETERMINING THE POSITIONS OF THE PRINOIP.A.L .AND HORIZON 

LINES ON THE PERSPEOTIVES. 

The following graphic method for orienting the picture trace and locating the principal and 
the horizon lines was published by Prof. F. Schiffner in 1887; it is also mentioned by Prof. F. 
Steiner. 

Three points, A., B, and C (dg. 9), may be given with reference to the station S upon the 
platting sheet. 
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FIG.9 
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From S radials are drawn through A., B, and 0. Through a point a on the ray SA. a parallel 
to SO is drawn, and the distance a'b' (ta.ken from the negative !JLV) is laid off from a ( = ab'1) upon 
this parallel, while the distance b'c' is laid off upon the same line from b'1 ( = b'1c'1). Parallels to 
the radial SA. are now drawn through the points b'i and c'1 and prolonged to intersect the radials 
SB and SO. The line (h'h') connecting these two points of intersection will be parallel with the 
direction of the picture trace. 

The same distances a'b' and b'c' (taken from the negative) are laid off upon this line h'h' from 
~ ( = a.ib2) and from b2 ( =b2Cz). The lines drawn through these points b2 and ez, and parallel with 
the radial SA, are brought to intersections with the radials SB and SO, when the line (hh) passing 
through these intersections will represent the picture trace correctly placed (oriented) with reference 
to S, A., B, and 0. ' 

The distance SP of S from hh represents the distance line (focal length) of the picture MN, 
while the point P1 will be the horizontal project10n of the principal point P. 

After having transferred P' (with reference to a', b', and c'), by means of a paper strip, to the 
negative li1N, a parallel to VV, drawn through the transferred point P, will locate the principal 
line upon the negative. 

The horizon line may now be located in the same manner as shown ·under II, 2, adopting the 
graphic solution. 
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IV. THE FIVE-POINT PROBLEM (BY PROFESSOR STEINER). 

In the methods just described it had been assumed that the position of the camera station 
was known with reference to the surrounding points A, B, 0. . . . . 

In case the panorama pictures were taken from a camera station of unknown position and a 
series of known points are pictured upon the panorama views, the position of the camera 
station may be found (with reference to the surrounding points of known positions), and the orien· 
tation of the picture trace may be accomplished by means of Prof. F. Steiner's so-called ''five­
point problem" (fig. 10), if one of the views contains the pictures of jive or more points of known 
positions. 

The panorama view MN may contain the images a, b, c, d, and e of the points A, B, O, 
D, and E (already plotted upon the working sheet), and also the picture of a suspended plumb 
line or other vertical (or horizontal) line. 

a 

I 

The points a, b, c, d, and e of the negative are again projected upon the straight edge of a 
paper strip= a', b', c', d', and e'. 

Radials are now drawn from one (A) of the five plotted points, as a center, to the other four, 
B, O, D, and E. The marked paper strip is then placed over the radials in such a way that 

b' falls upon .AB, d' falls upon AD, e' falls upon .AE, 

when the strip will have the position a1, b1, c1, d1, e1• The line drawn through .A and a 1 (the latter 
transferred by means of the strip) will be the tangent in A to the ellipse E 1 (passing through A, 
B, D, E and through the station point S). 

The paper strip is now placed over the ra<lials AB, AO, and AD, so that 

b' falls upon .AB, c' falls upon AC, d' falls upon AD, 

when the st::-ip will have the position ai b2 c2 ih e2, and the line Aai will be the tangent in 
.A to the ellipse E2 (passing through the points .A, B, O, D and tbe station point S). 
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The position of the station point Son the working sheet (with reference to the five points A, 
B, a, D, and E) will be identical with the point of intersection of the two ellipses E1 and E2. 

(1) Determination of the principal point and distance line in the perspective.-The distance line 
and the principal point are now found by drawing the radials SA, SB, SO, SD, and SE, and 
placing the paper strip over these in Emch a way that 

a' falls upon SA, b' falls upon SB, c' falls upon SO, d' falls upon SD, e' falls upon SE, 

which position is indicated by the line HH. The perpendicular upon HH passing through 
S ( = SP) is the distance line and Pis the principal point projected into horizontal plan, which 
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may now be transferred to' the picture by means of the paper strip in order to locate the principal 
line in a similar manner to that mentioned in the preceding pages. 

(2) Simplified construction for locating the camera station by means of the five-point problem.-The 
preceding method is rather complicated, but Professor Schiffner devised the following construc­
tion (fig. 11), in which the drawing of the ellipses E 1 and E 2 is avoided: 

The same five points, A, B, O, D, and E, with their images a, b, c, d, and e, on one plate 1lfN, 
may be given. 

The two lines, b3 Band b4 B, tangent in B to the two ellipses E 1 and E2, respectively, are located 
precisely in the same manner as the two tangents a 1 A and az A were found for the point A. 
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The intersections R1 and Rz of the tangent pairs a1 A, b3 B and ~ A, b4 B (belonging to the 
ellipses E 1 and E2, respectively) are situated upon a line Qx, forming one side of the polar triangle 
QxT, common to both ellipses. This line Q;; intersects the dfagonal AD in x and the quadrilateral 
side BD in Q, and the lines drawn through Q from A and through x from B. will intersect each 
other in the fourth point of intersection (S) of the two ellipses. 

The quadrilateral ABDS, obtained by connecting the four points of intersection of the two 
ellipses, has the point x as the intersection of its diagonals. By prolonging the sides BD and 

0

A 8 
to their point of intersection Q and the sides AB and SD to their point of intersection T, the 
three diagonal points QxT will form the polar triangle common to the two ellipses. 

Also this method remains complicated and requires many lines to be drawn before the picture 
trace and the camera station ( S) may be plotted. 

(3) Special application of the jive-point problem for the case when the jive points range themselves 
into a triangle.-The application of the "five-point problem" becomes very much simplified, how­
ever., for the special case when the five points range themselves into a triangle, of which two sides 
(AO and OE) contain three points each (fig. 12). 

FtG. 12. 
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If we now place the strip of paper upon the radials drawn from A, so that 

e' fa.Us upon AE, d' falls upon AD, c' falls upon AC, 

it will have the position ~ bz Cz dz e.i, and the fl.rat ellipse (1!11) will resolve itself into the lines OE 
and A~. 

If we now place the paper strip a' b' c' d' e' upon the radials drawn from E t-0 A, B and C, 
so that a' falls upon EA, b' upon EB, and c' upon EO, it will assume th.e position a1 b1 c1 d1 e1, and 
the second ellipse (E2) will have resolved itself into the lines AO and Ee1. 

The intersection S of the two lines A~ and Be1 will locate the station point with reference to 
the five given points, and by placing the paper strip upon the radials SA, SB, SO, SDi and SE in 
such a way that a' falls upon SA, b' upon SB, etc., its edge will locate the picture trace. 

( 4) To find the elevation ( x) of a camera station ( S) that has been located by means of the "flve­
point problem."-ln order to ascertain the elevation of the unknown station S, platted after one 
of the preceding methods, it will become necessary to know the elevations of at least two of the 
five points. · 
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Let the elevation of the station, S fig. 8 be designated by x. 
The elevation of A= Hand of B = H1. The_ordinates aa' = y and bb' =Yi· 
From the relation S'a1': S'.111' = aa' :.AA'; 

Sa': SA'=Y: (H-x) 
we find 

Sa' ' 
Y= SA' (H - x) and 

The difference between y and y1 may be measured on the negative, hence 

Y-Y1 =m 

is known, and the value for x may be found from the equation 

Sa' Sb' 
y - Yi= (H - x) SA' - (H1 - x) SW= m. 
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The values for Sa', SA', Sb', and SB' may be taken directly from the platting sheet, while 
those for H aud H 1 are found in the triangulation records. 

If we write the above equation in the general form-

H - x H1-X 
-1-i - - --o- = ni, 

the elevation x of the camera station 8 may be computed from-

mno-Ho+H1n 
X=··· ···- n-0 

The numerical value~ for the ordinates y and y1 {locating the position of the horizon line on the 
perspective) may now be computed from the equations-

H-x 
y=--and n 

V. THE THREE-POINT PROBLEM. 

If the triangulation points are not sufficiently close together that five or more points may be 
pictured on one perspective, and if stations are occupied with the camera that are not connected 
with the trigonometric survey, it will become necessary to employ other means to determine the 
position of the camera station with reference to the surrounding triangulation points. 

In order to connect the camera station with the triangulation system by direct measurements 
and observations, made at the camera station, it will be requisite that at least three triangulation 
points be visible from such Rtation, unless the location of the camera station is to be made by 
observations made from other stations. In the latter case the occupation of two (better three) 
triangulation points, if favorably located, would suffice to establish the(" concluded") position of 
the camera station. 

The determination of the position of an occupied point by observing upon three fixed and 
known points is generally knO\yn as the "three-point problem," "station platting," ''station 
pointing," or "Pothenot's method," although Snellius had used the same method in his trigono· 
metric work in the Netherlands in the second decade of the seventeenth century. Let A, B, and 
O, fig. 13, be the three poiuts, the positions of which are known. A fourth undetermined point S 
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may have been occupied from which the horizontal angles A SB= M and B S 0 = N may have 
been observed instrumentally. The position of S with reference to A, B, and 0 may then be ascer­
tained in various ways. 

(1) Using the three-arm protractor (mechanical application of the three-point problem).-The 
simplest (and crudest) inethod is purely mechanical in its application. The two horizontal angles 
.Mand N are laid off upon a three-arm protractor ("station pointer"), or upon a piece of tracing 
paper, moving the three radials SA, SB, and SO over the three fixed and platted points A, B, and 0 
until the three radials SA, SB, and 80 bisect their corresponding points A, B, and O. Holding 
the two angles Mand Nunchanged in this position, the point 8 is transferred to the working sheet. 

(2) Graphic solution of the three-point problem- · 
(a) Using the so-called "two-circle problem."-Theoretically the best graphic method is that 

which locates the position of the fourth point S, fig. 13, as the intersection of two circles, one 
passing through A and B and having all angles of circumference= ABB= Mover AB that may 
bE! drawn over the line AB as chord, the other circle passing through B and 0 and having over 
BO as chord all angles of circumference equal to BSO = N. 
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From the platted triangle side AB we lay off at A and B the angles B.A 0 and AB01 each 
equal to: 

lSO - 2
2
JASB) = 900 - ABB= 900 - M 

and about the point c1, thus obtained, a circle ABS is described with the radius= c1A = c1B. 
The observed angle ASB = .M will then be an angle of circumference over AB, and the poiut S 
will be located somewhere on the arc over the chord AB. 

By means of the angle BSO =Na second circle BOS is described over the triangle side BO, 
m a similar manner, about C.i as center with the radius c1B = c10. The obseryed second angle 
BSO = N will be an angle of circumference over the chord BO, hence the point Swill be situated 
also upon the arc over the chord BO and the true position of Bis at tlle point of intersection S of 
the two circles. 

(b) Using the method of Bohnenberger and Bessel.-The following constructive method (devised 
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by Bobnenberger and Bessel) is readily applied and of a vel'y simple character, fig. 14. If we 
describe a circle through two of the three given points A ~nd B a11d the station S as the third 
point the angles 

ASB = AOB = Jlf and 
BSO = BAO= N (being angles of cfrcumforence upon the 

same arcs AD and DO respectively). 
Hence, if we lay oft' the observed hori­

zontal angle Mon the base line AO at 0 
and the other horizontal angle Non AO at 
A, the point of intersection D of their con-
vergent sides CD and AD will be on the 
line connecting the third point B and the 
platted station S. After having thus found 
the direction of the line DB the position 
of S on the line DB may be found as fol· 
lows: 

At any point x of the line DB the ob_ 
served angles Mand N are laid off to either 
side of DB, iu the sense in which they were 
observed. Lines AS and GS drawn 
through A and 0 parallel to xy and xz, 
respectively, will locate the position of the 
station S (upon DB) with reference to the 
three points A, B, and G. 

This construction is only recommended 
when BD is sufficiently long (in fig. 14 it is 
evidently too short) to admit of a correct 
prolongation of its direction toward S. 

The picture trace containing the hori­
zontal projections of the pictured pointtl a, 
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b, and c may now be oriented in the known manner by adjusting the paper strip over the radials 
SA, SB, and SC. 

VI. ORIENT.A.'l'ION OF THE PICTURE '.1.'lt.A.CES1 BASED UPON INSTRUMENTAL MEASUltEMENTS 

:MADE IN TilE FIELD. 

When no points are known of the area to be mapped phototopographically the elements of 
the perspective (horizon line, principal point, and distance line) can no longer be ascertained from 
the photograph alone, but instrumeutal observations will have to be resorted to. This method, 
having been adopted by Oapt. E. Deville, will be described in Chapter III, II, 3, iu connection 
with the Oanadian method. 

VII. RELATIONS BETWEEN '.l'WO PERSPEO'.l'IVES OF THE SAl\IE OB.TECT VIEWED FROM DIFFERENT 

STATIONS (" KERNELPOINTS" .A.ND '' KERNELPLANES "). 

A more generalized application of photogrammetric methods has been inaugurated since 
Prof. G. Hauck published his investigations and results regarding the relationship existing· 
between systelJls of three lines, each of the latter being in a different plaue. (''Theorie der tri­
linearen Verwandtschaft ebener Systeme," Journal fiir reine und angewandte Mathematik, 
berausgegeben von L. Kronecker und A. Weierstrass, 1883, Bd. 9J.) 

The practical value of Professor Hauck's deductions had been tested by the studeuts attend­
ing his lectures in 1882 during the exercises which are connected with the course in descriptive 
geometry at the Technical High School in Berlin (Charlottenburg). 

(1) Kernelpoints and kernelplmie.~.-ln his discussion of the relationship existing between two 
perspectives of the same object taken from different stations, Professor Hauck bas evolved some 

G584--41 
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properties which may be very useful and of value in iconometric platting. The principal law 
involved in the application of photogfammetry may be stated as follows: 

If two projections (perspectives or photographs) of tlte same object are projected by perspective rays emanat­
ing from the "kernelpoints" ("kernpunkte ") as centers the line of intersection of the two planes of projection 
(picture planes) will be their perspectiYe axis. 

With the aid of this law the projection on a third plane of an o~ject may be deduced from the 
given projections 011 two planes of the same object. Or, for our case: 

If two photographs, MN and Jlf1N 1
, taken from two stations Sand 81 (and representing the 

same object), are given, the orthogonal horizo11tal projection (ground plan) of tlie same object may 
be constructed therefrom. 

Professor Hauck's methods are also applicable to photographs obtained when the plate was 
exposed in an' inclined position. In order to illustrate the connection existing between two 
different perspectives of the same object, we will refer to fig. 15, representing the simple case 

where the two perspective 
plaues (1l1N and Jlf' N') are 
vertical. 

Let S and S' represent 
the two camera stations (cen­
ters of projection or points of 
view for the vertical picture 
planes Jl[N and Jlf' N'), s' the 
picture of S' i11 1l1N, s the pic­
ture of Sin 1lf1 N', I.Q the line 
of intersection of the two pic­
ture planes 11/N and JI[' N', a 
image of the point A in Jlt.N, 
a' image of the point A in 
M' JY'. 

The two pictured points 
sands' are the so-called" ker­
nelpoints" (kernpunkte), and 
any plane (" kernelplane") 
passing through the line 
(base line) SS' will contain 
the "kemelpoints" sands'. 

The position of the "ker­
nel points" may be found 
graphically bypassing a plane 
("kernelplane") through the 

two stations and a third point A (pictured in both pla11es MN and llf' N'), which will intersect 
the first picture plane 111N in the line a.v' and the picture plane Jlf' N' in sa'. Then the following 
conditions will prevail: 

l. The lines of intersection as' and <i' s will intersect the line I.O in one point (.0). 
!!. The pictures <i and a' of the point A will be on the lines as' and a' s. 
3. The lines as' and <i' .~will pass through the pictures (s' and s) of the two camera stations 

(S' and S). 
The lines S' A, SA, SS', as', and a' s being situated in the "kernel plane" j}f2 N 2, all lines as' 

(for all points of the object pictured in 1l1N) will pass through the pictures' (" kernelpoints ") of 
the second camera station S', and all lines a' s (for all points of the object pictured in ilf' N') will 
pass through the picture .~ of the first camera station S. Furthermore, all lines (as' and a' s) 
joining the two perspectives (pictures) of identical points (A) with the corresponding "kerncl­
points '' (s' ands) will intersect the line of intersection (IO) of the two picture planes (i'l'IN a11d 
1lf1 N') in the same point (.0). 

'rherefore, if two photographs (MN and Jlf' N') of the same object (A) contain the pictures 
(s' ands) of their reciprocal stations (S' a11d S), conditions peculiarly adapted for the facilitation 
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of the iconometric constructions will arise, inasmuch as such pictured stations (sands') will be 
"kernel points." 

The line of intersection (I.Q) of the two picture planes (MN and M' N') may also play an 
important part in the iconometric platting, not only for pictures exposed in vertical planes, but 
even more so when they are exposed in inclined planes. 

If two pictures MN and M' N 1 are given (in fig.16 their traces are represented as JJJI and 
H' 11', respectively) representing the same object (viewed from two stations S and S'), then the 
pictures s and s' (''kernel points") of the reciprocal camera stations may be located upon the 
picture planes by eonstruction (if they are not shown in the field of the pictures), as shown in 
fig. 16. 

'fhe horizontal projections (s1 and s 1
1

) of the" kernelpoints" (sands') are identical with the 
points of intersection of the base line (SS') and the pictures traces ( HH and H' H'). The horizontal 
prqjections of the line of intersection (I.Q, fig.15) of the two picture planes (MN and .ilf' N') will 
be represented by the point of intersection (i) of the two picture traces (HH and H' H'). 

Hence, if we revolve the picture planes about their ground lines until they fall within the 
horizontal plane of tlle ground plan, the line J.Q, fig·. 15 (common to both picture planes), will 
be l'epresented by the lines 
i( I), fig. IG, and tlle "kernel­
points" s and s' of the re-

- volved planes will fall upon 
the lines s1(s) and s'1(s'), re­
spectively. (These lines arc 
perpendiculars upon the pic­
ture traces (Hll and JI' ll') 
in the horizontal projections 
of the "kernelpoin ts".) 

'fo find the lengths s1(1i) 
and s'1(s') (ordinates of the 
"kernel points" in the pic­
ture planes), perpendiculars 
are erected in S and 8 1

, fig. 
Hi, and their lengths are 
made equal to the elevations 
of the respective camera 
horizons above the ground 
plane= S( S) and S' ( S'), re­
spectively. The line (S)(S'), 
comiecting the camera sta­
tions S and S' (in fig. 16 the 
vertical plane passing through 
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the camera stations Sand S' has been revolved about the horizontal projection of the base line SS' 
until it coincides with the horizontal ground plane) will intersect the lines s1(8) and s'1(s1) (which 
are perpendicular to the horizontal projection of the base line in the "kernelpoiuts" .~,ands',), 
and the lengths s1(s) and s'1(s') will equal the ordinates of the kernelpoints. lu this manner the 
"kernelpoints" may be located in the picture plane of auy pl1otograph. 

(2) Use of the line of intersection (I.O) of two pict1trc planes (JIN and M1N 1
) which show identical 

objects viewed f1·om two different stations (s and s').-lf a Reries of characteristic points of the 
terrene, pictured in a vertical picture plane llfN, fig. 17, are connected 'With the "kernelpoint" s 
by straigl1t lines, these will (when prolonged) intersect the li11e ID, and if the pictures of the 
identical points in the vertical picture plane 111' N' are joined with the" kernel point." 8

1
, and if these 

lines are likewise prolonged to intersect the line (LO), forming the intersection of the two picture 
planes (MN and 1lf' N'), the series of intersections of I.Q with the first group, belonging to MN, 
will be identical with the intersections of I.Q with the second group of lines, belonging to M' N'. 

If we now imagine the line I.Q provided with a scale of equal parts, with zero in the ground 
plane GG, fig.17, lines drawn through the'' kemelpoints" and identical points of objects pictured 
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in both picture planes (JlfN and llf'N') will intersect identical points of the scale. Tbe space 
(00') intercepted on the scale by the horizon lines of the two picture planes will represent the 
difference in elevation between the two camera stations (Sand S'). This scale may be drawn to 
show on both lines I.Q of the pictures when sepa.rated. 

The picture (photograph) itself frequently may not be sufficiently extended to contain the line 
I.Q, in which case the scale may still be utilized by laying it off on a line xx" on picture ]}JN and 
on a line zz" on picture M' N', where xx" and zz" are parallel with the line of intersection (ID) of 
the two picture planes MN .and M' N' and as long as the following relation remains fulfilled: 

s.Q : .~x' = s' .Q : s'z' 

For a second point B pictured as b and b' on the two picture planes M"l{ and 1lf' N', respectively, 
the following proportions must stand: 

s/3 : sxo = s' /1 : s'zo 

From the similarity of the tl'iangles s.r:,.x', sf3l2, s'z0z', and s'/3.0, we find: 

XoX 1 = ZoZ1 

(/112 being common to both triangles s(:Jfl ands' j3n), which means the spaces on the scales xx" and 

i 

G 

zz" are the same in numerical value. The two Rcales (or one of them) may also be placed beyond 
s and s'-for example, at tt"-iu which case: 

s/J : sto = sf:J : sx0 

= 8
1/3 : 8

1
Zu 

when the scale tt" should. be read in the directions from t' toward to. It may generally be stated 
that the scales should be placed parallel to TO. and at distances from the "kernelpoints" in 
proportion to the distances from the latter to the line of intersection of the picture planes, their 
correct positions beiug best found graphically from the horizontal projection or from the ground 
plan. To avoid the obscuring of details 011 the photographs it is recommended to draw these scales 
outside of the picture proper. 

'l'o find the best position of the second scale on the second picture, graphically, after the 
position for the first scale on the first picture bas been decided upon, we will again refer to fig. 16, 
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where HH and H' H' =picture traces, Sand S' =horizontal projections of the camera stations, J> 
and P':::;:: traces of the principal lines/ f andff, and h =selected positions for· the first scale. 

To find the corresponding position of the second scale, draw a line hh' parallel to SS' through h, 

whence s1h' =distance of the second scale from the "kernelpoint" s1 in the second picture plane. 
The conditions and relations just described, and first discusi;;ed by Prof. G. Hauck, may often 

serve with advantage in iconometric platting (in the following we will refer to them again). 
For example: If we consider the case of a straight line L, fig. 18, shown on MN as z, of 

which, however, only the short piece l' is pictured on M'N', and it is desired to locate a point x, 
identified on l in J'JfN, but falling on the prolongation of l' outside of the picture limit of M'N', 
we may proceed as follows: . 

The pictured point x on l in llfN is connected with the "kernelpoint" (s') and this line (s') x 
is prolonged to intersect Ii in (x). After transferring this point (x) to the line i I of the second 

picture plane J'Jf' N' to ((:v)), the latter point is connected with the ''kernelpoint" (s), and the 
iut<>rs<>ction of ((x)) (8) and line l' will be the point sought, x', of the prolonged line/', 

VIII. '.l'O PL.A'!' A FIGURE, SITUATED IN A HORIZONTAL PLANE, ON 'l'HE GROUND PLAN llY 

MEANS OF ITS PERSPEOTIVE. 

In topographic surveys, figures in level planes are not frequently dealt with, except when 
locating the outlines of lakes and marshes, including coast lines, and the simplest way to plat 
these would be to expose photographic plates (held in a horizontal position) from a balloon at 
points of known positions and at identical or known elevations. 

The platting of such figures, when photographed on vertically exposed (also inclined) plates 
from stations higher than the figure's plane, will also be an easy matter. It may even be 
accomplished !f but one view of such figure had been obtained from only oue station (of a known 
position), provided the difference in elevation between the camera station and the figure's 
(horizontal) plane, the principal point, and the focal length of the view are known. 

With reference to fig. 19: H H = Horizon plane of the camera station S, 1lf N = Picture 
plane (vertical), G G = Ground plane or horizontal plane coinciding with the surface of the lake 
A B C D, S S 0 = h = difference in elevation between the camera station S aud the surface of the 
water in the lake A B 0 ]), 
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From the pictµre ab c d (of the lake A B CD) with focal length= RP and known difference 
in elevation = h the horizontal projection of the lake A B 0 Dis to be plotted. 

The ground line 0., 0 0
1 (intersection of ground plane G G and picture plane J1I N) is drawn 

through P 0 parallel to the horizon line 0 0' (P P 0 = h, measured in the platting scale). lf we now 
project the pictured points a, b, c, and cl upon 0 0 0 0

1 = a0 , b0 , c.., and d0 , and draw radials from the 
platted station 8 0 through the points a0 , b.,, c0 , and d0 , they will pass through the points A, B, c, 
and D (which are to be platted), and the latter could be located if their distances from S0 were 
known. 

We now regard the vertical plane, passing through the camera station S and pictured point a, 
which intersects the ground plane in the line S0 a0 or in S 0 A. From the similar triangles S S 0 A 

FIG 19 
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and a a0 .11 we can find the distance 8 0 A (the horizontal distance from the camera station to the 
point sought, A) either graphically or arithmetically. 

·when the vertical plane SS0 A is revolved about S0 A until it coincides with the ground plane 
GG, the points Sand a will assume the positions (S) and (a) respectively, in the ground plane, and 
the line connecting (S) and (a) will pass through the point A of the lake. Hence, A may be 
located in the ground plan as the intersection of (S)(a) with S"a.,. 

The same may be done for the points B, 0, and D by revolving- the vertical planes SSnB, 
SS0 C, and SS0 D about S0 b0 , S0 c0 , and S0 d0 , respectively, into the ground plane to locate the 
positions of B, C, and D. 
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To avoill a multiplicity of line,s on the working or platting sheet, these constructions are 
preferably made on a separate sheet of paper, and the following construction may be adopted: 

0 

o. 

M 

'· ·-·-, 
'• 

The vertical planes S0 a.0 , S0 b0 , S.,c .. , and S0 d0 may be revolved about 880 as axis until they all 
coincide with the principal plane SS0 l'J>0 (fig. 20), where the paper surface may represent the 
principal plane. 

HH = trace of the horizon plane in the principal plane. 
MN = trace of the picture plane in tlrn principal plane. 
GG =.trace of the ground plane in the principal plane. 
SS .. = diff'ere~e in elevation between the station Sand the ground plane (surface 

plane of the lake ABCD), measured in the platting scale. 
SP = S0 P 0 =true length of the focal distance for the photograph MN. 

The radials S0 a.0 , SJ>0 , S0 c0 , and /30 d0 are laid off upon the line G G from S.,. 'fhe verticals 
(a.0 )(a), (b0 )(b), (c0 )(c), and (d0 )(d) are made equal to the ordinates aa..,, bb.,, cc0 , and d<l .. (measured on 
the picture). Radials drawn from S through (a), (b), (c), and (d) will cut off 011 the line GG the 
horizontal distances S .. (A), S0 (B), 8 0 (0), and 8 0 (.D), equal to the horizontal distances Soil, S .. R, 
S .. C, and S0 D, measured in the platting scale. If these distances are laid off upon the radials 
80 a.0 , S0 b0 , S0 c0 , and S0 d0 the positions of the characteristic points A, B, C, and D of the lake will 
be platted in the scale of the map with reference to the ground line 0 0 0' 0 (which on the platting 
Aheet is identical with the picture trace) and the platted station S0 • 

'fhe same result may be arrived at hy utilizing the orthogonal projection of the points a, b, c, 
and d and A, B, C, and D in the principal plane, instead of revolving the vertical planes into the 
principal plane. 

·with reference to fig. 21: PP= Principal plane, MN= Picture plane, HH = Horizou plane 
(containing camera station S), GG =Ground plane or surface plane of the lake. 

If we draw the radials S0 a 0 , S0 b0 , S0 c0 , and S0 d0 from 8 0 (orthogonal pro,iectiou of S i11 OG) 
tlirough the orthogonal prqjections a 0 , b0 , c0 , and d., of the pictured points a, b~ c, and d 011 the 
ground line 0 0 0 0 ', the points sought will be situated upon those radials. 
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If we uow project the points a, b, c, and d (in the picture plane) upon the principal line =a, 
/i, y, and o, the radials Sa, S{:J, Sy, and So, drawn in the principal plane PP, will locate the 

FIG.21 

H 

!h 

G 

points a 0 , f30 , y 0 , 00 upon the line S0 P0 (in the ground plane), they are the orthogonal projections 
of the points A, B, C, and ]) in GG upon S0 P 0 • The points A., B, 0, and]) in the ground plane 
may therefore be found by erecting perpendiculars upon S0 P 0 in a 0 , {:J0 , yo, and o'o· The intersec· 

~-

o. 

F1G. 2 2. 

s. 
tions of these with the radials S,,a0 , S0 b0 , S0 c11 , and 80 d0 will locate the positions of the points A, B, 
c, and ]) 011 the platting sheet. 
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This construction is also preferably made on a separate sheet of paper. The radials S0 a0 , S0 b0 , 

S0 c0 , and S0 d0 , fig . .22, are drawn through their corre1>ponding points on the platted picture trace 
(or ground line) 0 0 0o', and the rest of the construction (fig. 23) is made by regarding the paper 
surface as the principal plaue. The designations are the same as in fig. 20. The points o, /3, a, 

M 

F1 G. '2.3 

s. 
N 

and y, fig. 23, on the line PP0 (principal line) represent the projections of the pictured points a, b, 
c, and din the principal plane; hence, their positions are found by transferring the ordinates of 
the pictured points to PP0 from Po: · 

P 0 o = dd0 ; P 0 /3 = bb0 ; P 0 a= aan, and P 0 y = cc0 

The radials from S through o, /3, a, and r locate the points <>o, /30 , a 0 , and y 0 on the liue GG (or 
S0 P 0 ), fig. 23. 

By transferring the distances 8 0 00 , S0 /J0 , S0 a0 , and S .. yo, fig. 23, to tlie line S0 P 0 from s .. , fig. 
22, and drawing lines through 00 , f30 , a 0 , and y 0 parallel with 0 0 0u', their intersections with the 
corresponding radials S0 d0 , S0 b0 , S0 a0 , S 0 c0 will locate the platted positions of the points D, B, A, 
aud C of the lake. 

IX. TO DRAW A PLANE FIGURE ON TUE GROUND PLAN, BY MEANS OF THE SO·OALLED 

"METHOD OF SQUARES," IF !'I'S PERSPEOTIVE AND THE ELEMENTS (J'OINT 01? vrnw 
AND DI~1'.A.NOE LINE) OF THE VERTIO.A.L PIC'l'URE PL.A.NE ARE GIVEN. 

If we imagine the figure covered with a net of squares, one set of its sides being parallel with 

0 

I 

o. N a.·' 

I 
I 
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p 

M 

o' 

' ' ' 

and the other set being perpendicular to the ground line, such net may be utilized to draw the 
outline of the figure upon the ground plan, it being only necessary to cover the pictured figure 
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a b c d with the perspective of the selected net in the ground plane, i. e., the lines forming the 
squares of the perspective must have the proper relation to the principal ray and horizon liue. 

'fhe simplest disposition of the lines (forming the auxiliary network) for locating the figure is 
the one mentioned above (parallel with and perpendicular to 0 0 0 0

1
), but any other selection may 

be made. The squares may be of equal size or not, and the directions of the lines composing the 
network may be given any direction. 

In fig. 24, in illustration of this method, the lines in the perspective which correspond to the 
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sides of the rectangles that are perpendicular to the ground line OoO .. ' will vanish in the principal 
point P, and those parallel with the ground line 0 0 00' will be parallel with the horizon line 00'. 
Selecting the lines of this network so that two lines of each system will pass through one of the 

A 

o. 

FrG.26 

characteristic points of the figure abed, the perspective of this net will appear as shown in fig. 24, 
where 0 0 0 0 ' represents the ground line of the picture plane JfN. 

If we now plat the principal plane SS0 P0 P, fig. 25, retaining the same designations as for fig. 
20, the points 00 , /30 , a 0 , and y 0 will represent (in the ground plane) the intersections, with t.he 
horizontal projection of the principal ray SI' ( = S0 P 0 ), of those net lines that bad been drawn 
through D, B, A, and 0 parallel with the ground line. 
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After platting the picture trace 0·0 0 0
1 (of the perspective 1llN, fig. 24) in the ground plane by 

means of the radials S0 a0 , S0 b0 • • • , the <listan<~es Sur50 , S0 {j,, • • • • • (fig. 25) laid 
off upon S0 P0 , fig. 26, will locate those net lines (parallel with OuOo') iu the ground plane which 
correspond to the lines do, bfJ • • • • shown in the perspective llfN, fig. 24. 

If we now transfer the points a0
1

, P 0 , b0
1

, do', and co' from fig. 24 to a strip of paper, and place 
this upon the picture trace 0 0 0 0

1
, fig. 26, that the points P 0 will coincide, the lines a0

1 A, bu; B, • . . 
drawn parallel with S0 P0 will represent the net lines which are perpendicular to the ground 
line OoO' o• 

Thus the platted positions of the points A, B, C, and ]) are located on the ground plane by 
the intersections of the corresponding net lines of both systems, as shown in fig. 26. 

The points A, B, G, and]) will, of course, also be bisected by the radials S0 a.0 , Sub0 • • • • , 

which fact may make it more advantageous to select some other disposition of the net lines for a 
figure of a different shape. 

Whe.11 the figure has a sinuous perimeter the squares of the network should be selected of a 
size sufficiently small to ·enable the draughtsman to draw the perimeter sections falling within 
the squares sufficiently accurate to obtain a correct representation of the general outline. 

X. '.l'IIE V .A.NISHING SC.A.LE. 

We had seen, fig. 26, thatthe radials drawn from the so-culled "foot of the station" (80 ) rep­
resent the directions to the poiut.s A, B, G . in the grouud plane, and if we could 
determine the distances S0 A, S0 B . . . . (from the foot of the station S0 to the points to be 
platted A, B, . . . . . ) from the perspective in some manner the location of the plattetl 
positions in the ground plane would become an easy matter. 

1'be distances S 0 A, S 0 B . . •. , fig. 26, may be determined from the perspective by 
means of the so-called vanishing scale, which may be constructed as follows,.ilg. 27: 

s Mp 
H H 

. F1 G. "27 

N 

1lIN = trace of picture plane in the principal plane, HH = trace of horizon plane in the 
vriucipal plane, GG = trace of ground plane in the principal plane, SS0 = elevation of the station 
S above the ground plane GG, or above the foot of the station S0 • 

A scale of equal parts is la.id oil' upon G G, to either side of P 0 , and radials are drawn from S 
through the graduation points of the scale; their intersections with MN form the va1iishing scale, 
which may serve to locate distances from the foot of the station to points to be platted in the 
ground plane. 
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The picture trace 0 0 0 0
1

, fig. 28, may have been platted and the radials Soa0 , Sabo, .... may 
have been drawn on the working sheet. 

It is desired to locate the position of a point, A, in the ground plane by means of the vanishing 
scale and the picture a, fig. 29, of the point A. 

Take the ordinate aa0 from the perspective JlfN, fig. 29 (vertical distance of a above the 
b'TOUnd line 0 0 0 0

1
), and lay it off upon the vanishing l:lcale (fig. 27), B.P0 from P 0 = P 0 x. 

M f 

0 p o' 

c 
o. a 

Fic;,.18 

s. FtG."2.9 

The line ax, fig. 29, parallel with the horizon line 00' and paHsing through a in the perspectiYe, 
corresponds with the line AX, fig. 28, parallel with the ground line and passing through A in the 
ground plane. 

Hence, if we lay off S0 X, fig. 27, upon S0 P 0 from 8 0 , fig. 28, the point A (in the ground plane) 
will be situated upon the line X.A, fig. 28, drawn through X and parallel with the ground line 
0 0 00'· The intersection of the radial S0 a0 with this line XA, fig. 28, will be the point A. 



CHAPTER II. 

PHOTOGRAPHS ON INCLINED PLATES. 

In the preceding we have regarded photographic plates (perspectives) only that had been 
exposed in a vertical plane, and although the use of inclined plates for phototopographic purposes 
is not to be generally recommended (on account of the complications that will arise in the ordinarily 
simple constructions in iconometric platting from vertically exposed plates, and because the 
relations which exist between the elements of the perspective and the orthogoual projection in 
horizontal plan of the pictured objects will not be so readily recognized), still, occasious may arise 
where the selection of the available or accessible stations will be so circumscribed that the 
exposure of inclined plates will become necessary in order to control the inaccessible tcrrene 
(above or below the camera station). 

Photographs may also have been obtained with an ordinary camera, without any device for 
adjusting the plate in vertical plane, or the use for iconometric platting of the photographs 
(perhaps taken only for illustrative purposes) may have been an afterthought. 

With reforence to fig. ao we have: 

PP =principal plane. 
BH = horizontal plane passing through the second nodal point of the camera lens 

(at the station S). 
GG =ground plane. 
1lfN =picture plane. 
0' P =trace of picture plane .llN, in the horizon plane HH. 
0' 0 />" = ground line of picture plane JlfN. 
S0 = foot of the station S. 
P' P 0 =principal line of the picture plane. 
P' =principal point of the perspective 111N. 
SS., =vertical of the station; it will penetrate the picture plane MN above (or 

below) the horizon line at s. The traces of this vertical s80 in the picture 
plane is the vanishing point for the perspectives of all vertical lines that 
may be pictured on ,~fN. 

P'SP= PsS = <l' =angle of inclination of the plate .JlfN. 
SP =(horizontal) line from S perpendicular to horizon line V' P. 
SA =line of direction from Stoa point A, pietured in 1llN as a. 

If we revolve SP, in the_vertica.l plane PP, about P until SP falls within the picture plane, 
then the point Swill fall into (S) and the line Sa will fall into (S)a. 

The vertical plane containing the line SA and passing through SS0 will intersect the ground 
plane in S0 a0 • If we now revolve the line S0 P0 , in the vertical plane PP, about P 0 until S0 Po falls 
within the picture plane MN, then the point S0 will fall into (80 ) and the trace S0 a0 will have 
assumed the position (S0 )a0 , and the iutersflction A of the trace 80 a0 with the line of direction Sa 
will locate the platted position of the pictured point a in the ground plane GG. 

The line sa intersects the ground line in a0 , and S0 a0 will be the radial in the ground plane to 
the platted position of A and passing through the foot S0 of the station S. 

To find A on S0 a., we first locate in the picture plane the intersection (A) of the revolved lines 
(S)a and ( So)ao. This point (A) revolved in the vertical plane a0 8 0 S about a0 will locate A uponSoa.,. 

To locate the position of A in GG, in the manner just shown, we should know the position of 
the line 0' P, as well as the points S and P. These are known or may readily be found if the 
position of the principal point P', the length of the distance line SP', and the value of the angle 
of inclination (a) for the plate are known. 

653 
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When a photographic plate iu a surveying camera is intentionally exposed in an inclined 
position, it will generally be exposed in such a way that t.lie principal line ff' still coincides with 
the intersection of the picture plane MN and the principal plane PP, fig. 30. 

When the angle of inclination a is an angle of elevation (depression) the horizon line (inter­
section of horizon plane and inclined picture plane) will fall below (above) the line representing 
the horizon line on the plate when exposed vertically. In order to use the inclined plate for 

p 

---

' 'o.. 

.. · 

F1G.30 

iconometric purposes the angle of inclination should be observed directly in the field, and, if the 
constant focal lt~ngth of the camera ( =/) is known, the line SP, fig. 30, may be found as tl!e 
hypothenuse of the right-angle triangle with angle =a and adjoining side =f: 

I. TO PLAT '.J.'HE PICTURE '!'RACE OF AN INCLINED l'LA'l'E. 

In order to plat the picture trace the horizontal· angle, included between the optical axis of 
the inclined camera and the horizontal direction to some known point, should be measured. 
Should the length SS' (elevation of station S above the foot of the station, fig. 32), the position of 
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the line connecting two camera stations, and also the position of a third point A (visible from 
both stations) be known, no horizontal angle a needs to ue measured iustrumentally, provided 
the plates containing the picture a of the third point A are oriented in such a way that the picture 
a be bisected by the vertical thread or principal line//' of the perspective. 

With reference to fig. 31 we have 

I 
I 

I 

I 
\ 

~~ (f) 
I·:, 

I '<-:(~)"'-.. 
I \, .......... , 'P) 

I \ "?.... 
I \ / ~(o..) 

\ ...:{~)_// I \~ (f') 

\ 

\ • .,, I ' ......... 
\ /'j,' \ ....... 

~-7 ' ', 
(Sl \I 

I\ , 
' 

' ' 

S' = platted position of the station S 

FIG. 31 

S' S 1' = platted length and direction of the base line. 

s' 
' 

The horizontal angle a (at S') included between this line of direction S' S 1
1 and the principal 

plane (or horizontal projection of optical axis S' P 0 ) may have been observed in the field. The line 
S' Sin fig. 32 represents the elevation of the station S (laid off in the platting scale). If we revolve 
this line S'S about S' P 0 into the platting plane it will assume the position shown as S'(S) in fig. 
31. After erecting at (S) a line (S)(P) perpendicular to S'(S) the angle of inclination r of the 
plate JlfN is laid off upon (S)(P) from (S). 

(S)(P') is made equal to the constant focal length (=/)of the camera, and the line drawn 
perpendicular to ( S) ( P') through ( P') will represent the principal line (f) (f') of the perspective ~fN, 
revolved about S1P., into the platting plane. The point of intersection (s) of (S)S' with (/)(/') 
represents the vanishing point for all vertical lines shown on .the picture. 

The point of intersection P 0 of the line (/)(/') and the horizontal projection of the optical 
axis S 1P 0 will be the trace in the ground plane of the inclined principal lineJ.f'. 

The line J>0 g, perpeudicular to 8 1 P0 in P 0 , is the ground line or the trace of the inclined picture 
plane MN in the platting plane GG, 
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II. PLATTING THE LINES OF DIREC'l'ION '.l'O POINTS PICTURED ON AN INCLINED PHOTOGRAPHIC 

PLATE. 

'l'he inclined picture plane 1lf.N, fig. 32, is revolved about P 0 g into the drawing or ground plane, 
when the picture will appear as (1lI)(N), the principal point P falling upon S' P 0 = (/)(/') in (P) 
and (P)P0 = PP0 • 

To plat the direction to a point A from S', we first locate tho orthogonal projection a0 (in the 
ground plane) of the pictured point a, fig. 31. 

The image point a., fig. 32, pr~jected uponjf' or upon PP0 =a and a circle described about 
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Po with P 0 (a) will locate the position (a) of the projected point on the principal line (f)(f'), 
revolved into the platting or ground plane. 

The perpendicular to S' P 0 in a 0 and the vertical to the ground plane G G from a, fig. 32 
intersect each other in a0 , and S1a0 , fig. 31, is the horizontal pr~jection (in the ground or platting 
plane) of the line of direction or radial from S' to the point A; , 

III. DE1'ERMINATION OF 'l'HE ALTITUDES OF POINTS PIO'.l'URED ON INCLINED PLATES 

We refer again to fig. 32. It is•desired to find the elevation Hof the point A (pictured in a) 
above the ground plane GG. 

Pr~jecting a upon the principal plane PP we find a onff'; the vertical through a intersects 
the horizontal projection of tl1e principal ray S' P 0 in a,,, fig. 32; hence, aa0 represents the elevation 
of the point A above GG, measured in the platting scale. 
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With reference to fig. 31, this elevation aa0 (fig. 32) of a above the ground plane is found by 
projecting a upon P' P 0 ( = a in fig. 32); the corresponding point on the principal line revolved 
about P 0 into the platting plane is (a) and its orthogonal projection upon the principal plane, 
the latter revolved into the platting plane about S' P 0 , fig. 31, is (a); hence, the elevation of A 
above the ground plane is = (a) a 0 = h, to be measured in the platting scale. 

If D =distance of the platted point from S', taken from the platting sheet, H =elevation of 

A 
, .... -? 

,..,,.,--"" I 
.~ •• I 

-· I ... ...-··· 
a -- 1H q--··· I 

o ••.. -·, I 
... 'h. s' , ... ··· : I 

o:::::·:_ ----- ------6- - -- -- - --- - ----- ----6 A. 
: d._ :a0 I !'---- - __ ..., I 
:+-----------0 ----~ 

FIG. 33. 

the point A above the ground plane GG, h =(a) a 0 = aa0 , fig. 32, =(a) n·0 , fig. 31, = aa0 , fig. 33 
S'(J,0 = d (fig. 31), taken from the platting sheet, the elevation Hof the point A may be found either 
graphically from a diagram, fig. 33, or it may be computed from the relation: 

H _Dh 
- d 

IV, APPLIOATION OF PROFESSOR BAUCK'S METHOD, 

The constructions just described for locating the horizontal directions to points photographed 
on inclined plates may be greatly simplified by applying Professor Hli.uck's method, by utilizing 
the properties of the "kernel points" of two photographs obtained from different stations but 
comprising the same ground. 

With reference to fig. 34: S and S' = the two camera stations. 

S 0 and S 0
1 =the foot points of Sand S' respectively. 

MN and M' N' = inclined picture planes; both contain the image a and a' of a point A 
and the pictures s' ands ("kernel points") of the stations S' and S. 

a 0 and a0
1 = orthogonal projections (in the ground plane GG) of a and a' 

respectively. 
A 0 = orthogonal projection of A in the ground plane. 

~, s' and rr =kernel points for picture plane JlfN. 
~',sand 7C 1 =kernel points for picture plane M'N'. 

These "kernel points" a.re of importance, inasmuch as-
The horizontal direction S 0 A 0 (or S0

1 Ao) intersects the ground line gg' of MN (or M' N') in a0 (or 
a.' 0 ). The line connecting a and s' ("kernel point") in MN and the connection of a' and s in M' N' 
intersect each other in the same point fl of the line of intersection of the two picture planes, and 
also intersect the ground lines gg' of the picture planes in the "kernel points" 7C and 7r', respec­
tively. All lines in MN, connecting s' with pictured points, and those iu M 1N 1, connecting s with 
tile pictures in M'N' of tile same points, intersect eacll other in points fl of the line of intersection 
of the two inclined picture planes. The kernel points ::E and ::E' are the intersections of the 
verticals passing through the camera stations (Sand S'), with the inclined picture planes. They 
are the "vanishing points" for the pictures of all vertical lines shown on the negatives, and when­
ever the pictures contain images of vertical lines the intersections of these would locate ~ and 

6584--42 
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2'' on MN and M 1N 1
, respectively. Still, wheu the picture plaue is inclined in such a way that 

the principal line of the same would coincide with that of the vertically exposed plate (when the 
former were revolved about a line as axis passiug through the second nodal point and parallel 
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with the horizon line 00' or HH', fig. 34) the kernel point :& may more readily be located upon 
ff', as previously shown for sin fig. 32. 

In order to locate the position of A 0J fig. 34, with reference to a on MN and a' on M'N' we 
connect a and;& and also a' with :Z', which lines locate a.0 and a0

1 upon the ground lines of the 
picture planes JJ[N and JJ.l' N'. The intersection of the lines S0 a0 and So'a0

1 will give the position 
of A 0 in the grouud plane G G. 



CHAPTER III. 

PHOTOTOPOGRAPHIC METHODS. 

I. .A.N AL Y'l'IC.A.L OR A.RI'.l'IIMETHJAL METHODS. 

(1) .1.lfethod of Prof. lV. ,Jo1·dan.-In 1874 Professor Jordan made a map of the oasis "Daebel,' 
including the village "Gassr-Dachel," based on photographs taken with an ordinary camera by 
Remele, obtained on Gerhard Rohlf's African expedition during the winter of 1873-74. Care was 
exercised to expose the plates in vertical plane, and horizontal directions to at least three points 
for each photograph were instrumentally measured to obtain the data needed for the proper 
orientation of the pictures. Vertical angles to at least two such points (for every picture) were 
also observed to give the means for locating the horizon lines of the pictures and thus enabling 
the draftsman to deduce the elevations of other points pictured 011 

the photographs. 
With reference to fig. 35 we have: 00' =horizon line, .ff'= 

principal line, P = priueipal point, SP= focal length= J; variable 
for different pictures. 

The ordinates aa', bb', and cc'= y1, Y2, and Y:1, respectively. 
'rhe abscissro of the three points a, b, and c be x 17 x 2, and x3 

resvecti vely. 
The horizontal angles included between the principal rayaud the 

horizontal directions Sa', Sb', and Sc'= a 1, a2, and a3 respectively. N 
The azimuthal angles (bet.ween the meridian SN and the hor-

izontal directions Sa', Sb', and Sc') = (p1, <p2, and <p3 N. 
Then 11'2 - a, = </12 - <p1 = <1 and a3 - a 2 = q13 - q'2 = E2 

The elevations of the points A, B, and C above the plane of F1 G. 3 S 
reference or above the ground plane= H,, H 2, and H 3 

As the photographic plate MN had been exposed in vertical })lane, it will be evident that for 
the three points a, b, and c pictured on the perspective MN, fig. 35-

or, 

and 

x 1 =/tan a Xz =f tan a 2 

X3 - Xz =f (tan a3 - tan a 2) =f sin (a3 - a 2) 
cos a 3 cos «2 

The values xz - x 1 and X3 - X2 may be scaled off directly on tlJe photograph, and the values 
for az - a, and a3 - az may be taken from the field records of the observed angles. • 

H oos~ . ence -- may be computed from the equation cos a 1 

x 2 - x 1 _ cos a 3 sin (a2 - ai) 
x;--=-x; - cos a, sin ( a3 - a2) 

If we substitute tan y for cos a3 
cos a1 

and as 
! + tan Y = tan ( 45° + ) 
1-tany y 

659 
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we may now write 
l +COB lt'3 

tan (450 + y) = COB lt'1 =COB lt'1 +cos £t'3 

1 _ COB lt'3 COS t:r1 - COB lt'3 

cos lt'1 

and tan ai + a 3 =cot (45° + y) cot ai - a 3 

2 2 

From this equation we compute a1 + a3, and after subtracting 

from 

we find 

knowing a1 + a3 and «1 - a3 we can readily find a 1 and a 3, also, 

We had found: 

Xz _Xi _ f sin (a2 - a1) _ f sin E1 • hence f = \X2 - x 1) cos a 1 cos a 2 
- COS a1 COS «2 - COS a1 COS lt'z' Sill E1 

X f sin (a3 - «2) f sin E2 he f (x3 - X2) cos a3 cos a 2 
·X3 - 2 = = · w nee = ..:.....:---'-o.-----' 

COS lt'3 COS «2 COS «3 COS lt'2' Sill E2 

Thus the abscissre x17 x2, and X31 (the principal line ff') and the focal length f may be found. 
With the aid of th~ observed vertical angles fJ the horizon line 00' may be located on the 

photograph .. For example, if the vertical aIJgle (:13 = c Sc' had been observed to the point o, 
we find: 

The horizon line 00' will fall below the pictured point c by the vertical distance -
0
f tan /J31 c s lt'3 

and for the point a the vertical distance to the horizon line would be 

At least two vertical angles having been observed for each plate, the horizon line 00' may thus be 
located and marked upon the negative, when the principal point P may also be marked on 00' by 
means of the abscissre x1, x2, and X3 =a' P, b' P, and Pc', respectively. 

(2) Method of Dr. G. Le Bon.-Dr. Le Bon, who used his instrument chiefly for the draughting 
of ancient buildings and monuments in India, provided the ground-glass plate of his camera with 
a net of squares, each square having sides 1 centimeter long, the latter being drawn parallel with 
the horizon-and principal lines, which latter two were subdivided into millimeters. 

This arrangement enabled the operator to obtain the measurements of objects directly by 
inspection of the image on the (graduated) ground-glass plate, To determine the dimensions of 
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the front of a building, a certain distance is measured directly upon the same and a picture is 
then taken by exposing a photographic plate in vertical plaue and parallel to the base of the front 
of the building. 

For example: 
(a} To find the distance D of an object of unknown height H. 
Two stations, Sand S', are occupied on a base line (which is measured directly in the field) laid 

off in a direction at right angles to the base oft.he object, fig. 36. 
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If the height of the image, measured on the graduated ground glass, at the first station S is h 
and the focal length for both exposures be the same = f, then 

D:H=f:h 
and for the second station S' 

D+B: H =f: h' 

By dividing the second equation by the first, we find: 

whence: 

D+B h B h h-h' 
J)- =7i1 ; JJ =-,-,,-, - 1 =-w 

B.h' 
D=h-h' 

B is given and h and h' are measured directly on tl.ie ground glass. 
(b) It is desired to find the height H of an object of which the fractional length H' had been 

measured direct•y, fig. 37, 
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On the image of the o~ject on the graduated ground-glass plate the heights h and h' may be 
read off directly, and H' being known we find H from the equation 

II= II':~, 
(3) Method of L. P. Paganini (ltalia.n method).-This method was developed for the topographic 

survey of Italy, made under the auspices of the Hoyal Italian Military Geographical Institute, 
and a detailed descl'iption of the same, with numerical examples, has been pub'lished in Appendix 
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No. 3, Report for 1893 of the Superintendent of the United States Coast and Geodetic Survey. 
Also, Dr. 0. Koppe and Prof. F. Steiner give preference to the arithmetical method for photo· 
grammetric surveys in general. 

GENERAL AHITlllllETIC I>ETERllllN'ATION OF THI> ELEMEN'TS OF THE ITALIAN PIIOTOGHAPI!IC PERSl'F.CTI\'ES. 

The panoramic views which subserved the map making were obtained by ten successive 
exposures. After each exposure the camera was moved in azimuth by a horizontal ang1e of 3Go, 

and as each plate subtends a horizontal angle of 420, 
the two ends of adjoining plates have a common mar­
gin of a width of 3° in arc, corresponding to a width 
of 15 millimetres. These common margins of two 
adjoining plates serve principally to ascertain 
whether the adjustments of the phototheoclolite have 

s been changed during the occupancy of a station. 
--~ (a) Orientation of the picture trace.-The hori-

zontal projection of one complete panorarna com­
posed of ten plates will be a regular decagon, fig. 38, 
with a radius of the inscribed circle equal to the 
principal focal length (constant) of the camera. 

P', P 2
, P 10 =-(horizontal) picture traces, 

V = panorama station, 
VP' = Y 1n = VP Io = f = principal focal 

rlG.3& length of camera. 

After the position of one panoramic view has been platted on the map, its picture trace will 
be oriented, and with it the remaining nine views of the panorama. 

After the horizontal angle m, fig. 3!), included between the principal ray VP' of view I'' and 
the horizontal direction to the triangulation point S, fig. 39, has been platted 
the orientation of each succeeding view P 2, P 3 P 10 is.accom-
plished by adding successively 360, 720, 1030 (360-w0 ) to 
the angle m. 

( b) Platting the lines of direction to pictured points 
of the terrene.-The orientation of the panorama hav­
iug been made, the lines of direction to points pho­
tographed on the panorama plates may readily be 
platted. 

The plate 1lIN, fig. 3!l, may represent a vertical 
photographic plate oriented witll refer-
ence to the known point S, pictured on 
MN as 8. ...." 

/ 
/ 

,,."'.cJ.. _....-
,., ....... -· 00 1 = horizon line, o~--:::... - ~ -

V =point of view of the perspective V 
M.N, 

w =angle of orientation for this plate 
with reference to S, 

VP=f= (principal) focal length, 
8sI, perpendicular to 00' = y =ordinate 

of the image s, 
8X perpendicular to ff' = .v = abscissa of 

the point 8. 

From the rectangular triangle VP's', fig. 39, we 1ind: 

x=/tan w. 

o· 

I 
I 
I _ _o 

-o-- s· 
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If the camera station V and the known point A have been platted and the picture trace 001
, 

fig. 40, has been oriented, the horizontal projection of the ray from V to S may be found as follows: 

·­- •. ~ 'fc.u voe:::-.- ._ -
' '·<:.""' 

..... 
' ' 

..... 
' 

0 

s' -

p' 

x' 

_o - s 

The abscissa P 1s1 = x, fig. 39, is laid off on 001
, fig. 40, from P 1 in the sense of the direction to 

S (whether S is to the right or to the left of the principal line ff, fig. 39) with reference to the 
principal point P 1

, locating s1 (the orthogonal projection of the pictured point in the ground plane) 
and a line drawn from V through s1 = Vs 1

, which will be the ray VS, fig. 39, projected in the 
platting plane. 

The position of S on the platting sheet is obtained by finding the point of intersection of two 
or more lin_es of direction, obtained in a similar manner, from other pictures containing images of 
Sand taken from· different station8, as all rays to the same object, seen from different stations, 
must intersect each other in the same point on the platting sheet. 

The elevations of pictured terrene points are readily determined after the selected points 
(identified on several pictures) have been determined and platted in horizontal plane, in the 
manner just described. 

If the elevation of the station Y is known, the elevation of the line of horizon 001 on the plate, 
fig. 39, may easily be obtained by adding the height of instrument to the elevation of Y. 

(c) Determination of the elevations of pictitred points.-Disregarding the effects of curvature 
and refraction, the elevations of all the points on tlie plate which are bisected by the horizon line 
001 have the same elevation as the optical axis of the instrument at V. 

The elevations of pictured points, above or below the horizon line, are obtained by determining 
their elevation above or their depressions below the line 001

• 

If D = horizontal distance from station V to a point S, fig. 39, 
= VS1

, fig. 39, to be measured in the plattmg scale. 
L =difference in elevation between point S and station V. 

=SS' (S1 being the orthogonal projection of S upon the platting plan). 
<7 = horizontal di11tance of the picture s of S from V. 

We find from the similar triangles Vs1 s ~nd VSS1
: 

L:D=y:d 

From the rectangular triangle VP1 s1 follows: 

whence 

tl = _L =f sec oo, 
cos cu 

Dy L= -·-· -·. f sec oo 

1 

2 

2a 

3 
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Should the point S be bisected by the vertical thread (principal plane) then 

GU= 0 and sec cu= 1, or, 

L=!JY. 
f 

3a 

This formula would answer for all points of the perspective if the image plate were a cylin­
drical surface of radius = f (instead of being a tangential plane to such cylinder), if the decagon 
were a circle (as it is the case for the sensitive film of the panoramic cameras, and Colonel 
Moessard's cylindrograph, which will be described later). 

Differences of elevation, taken from the perspectives, are positive or negative according to 
the relative positions of the pictured points with reference to the horizon line 00', fig. 39, whether 
above 00' or below the same, and the apparent elevations of such points (above mean sea level) 
are obtained by adding their ordinates (L, fig. 39) to or subtracting them from the elevation of the 
camera station ( V, fig. 39). 

By comparing the elevatious thus ol>tainml fur identical points from photographs exposed from 
different stations the hypsometric determinations of secondary points of the terreue may be 
checked. 

( d) Checking the position of the horizon line of a photograph.-To check the position of the hori­
zon line 00', fig. 39, photographs are selected which show the images of two or more triangulation 
points, the elevations of the latter, determiued from the photographs, are compared with those 
given in the triangulation records and discrepancies are adjusted by shifting the line 00'. Should 
the elevations of the triangulation points be unknown, or should the pictures from any station not 
contain the pictures of such points, this check may still be made by measuring the vertical angles 
(a, fig. 39, with the vertical circle of the phototheodolite from such camera station) to a series of 
prominent points (S, fig. 39) and compariug their computed ordinates (L, fig. 39) with those 
obtained from the pictures. 

We find from the similar triangles VSS' and rss', fig. 39: 

tan SVS1 = tan a = _L_ = J!. 
, D d 

and we bad according to formula 2a: 

hence 

d=_[_ 
cos cu 

tan a = } cos w, or 

;: tan a y = - .... -
, cos w 

4 

5 

where m is the horizontal angle included between tlie vertical plane ( VSS') passing through the 
camera station V and the point S, fig. 39, and the principal plane ( Vff'). This angle w should 
be measured (with the horizontal circle of the phototheodolite) for several points Sat every stet· 
tion, whence a limited or insufficient number of triangulation points may be seen. 

If the computed values for y, formula 5, are not in accord with th,ose obtained by direct 
measurement on the photograph, the horizon line 00', fig. 39, must be adjusted until the values 
for the ordinates measured on the picture are tl11~ same as those computed by aid of formula 5. 

The necessity of the precise determiuation of the value f (focal length) is evident from tlie 
preceding, and if the panorama pictures contain a imflicient number of well-defined pictures of 
surrounding triangulation points, the determination off may readily be made by means of the 
adjusted horizon line 00', fig. 39. 
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(e) Determination of the focal lengthf.-The phototheodolite is set up over a well-determined 
point and adjusted. .A plate is exposed in vertical plane in such a way that the vertical thread 
ff' bisects a known geodetic point S, fig. 41, which can readily be identified upon the ground-glass 
plate of the camera. (It is also desirable that the ordinate y, fig. 41, be sufficiently long to assure 
a correct measurement of its length to be made on the picture.) There will be given, fig. 41: 

flG.4-1 

s 
-/////~ 

/ /~' I 
;' I 

,; I 

L 
I 
I 

D -- - -0 
S' 

L = difference of elevation of bisected point S and panorama station V, D = horizontal dis· 
tance between S and V, y = ordinate of pictured point s. 

From equation 3a we find 

which will be a fairly accurate value if the horizontal position of the camera was assured and if 
the ordinate y was correctly measured on the negative . 

.Another value for f may be found from equation 5: 

f = y.c_os ru 
tan a 

if the picture contained triangulation points enough to adjust the horizon line by computing their 
ordinates: · 

L.d 
Y=--1F 

By using the mean of these determinations for f the computations (based upon the new values for 
x and y) may be repeated until perfect agreement-is reached. · 

(f) Determination of the principal point of tho perspect-ive.-The great number of triangulation 
points established in Italy, with special reference to the phototopographic survey, facilitates the 
application of the photogrammetric method and assures the accurate determination of the per­
spective elements. .Although the Italian pictures command a horizontal angle of but 420, the 
greater number of them contain the pictures of several triangulation points, and it can be 
ascertain,ed simultaneously with the determination of the value off whether the picture P, of the 
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intersection of the cross wires ( 00' and ff') coincides with the principal poiut of ,·iew, P, upon 
the perspective, fig. 42. 

s and s' =pictures of two triangulation points Sand S' on the photograph AfN, V = station 
point or point of view; ss and s's'= 21 and y' respectively= verticals upon the horizon line 00' 
through the picture points sands',= ordinates of the triangulation points; SS1 and S' Si'= Land 
L' respectively, = differences in elevation between the triangulation points and camera station; 
D and D' = horizontal distances from V to S and S' respectively; x and x' = abscissre of pictured 

! . 
i 
• ' ' -D----0 s: 

points s and s'; d and d' =horizontal distances of the pictured triangulation points from the point 
of view V. 

It is desired to find VP and the position of P with reference to s and s', or the abscissm 
x and x'. 

L, L', D, D', y, and y' are known, or they may be found by direct measurements on the chart 
projection and upon the photograph. Hence: 

d _D.y 
-L 

The horizontal angle s Vs' ( = ou + cu') being observed in the field the other two angles, y and 
o, of the horizontal triangles Vs', may be computed as follows: 

y - o tl' - d s Vs' 
tan - 2- = i:tTd' cot ~ 

By substituting H for Y 
2 
° and M for Y t 0 = 90° - s ~s' 

we will find 

y=Jlf+N 
o=Jll-N 
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From the two triangles s VP and PVs' (both are rectangular at P) we find 

f = d. sin y = d' sin o 
X =/ <,:Ot y 

x' =/.cot o 

also, as a check, the angles of orientation: 

QJ = 900 - y 
w' = 90° - o 

667 

To check the abscissre the length ss' is carefully measured upon the negative, which length 
should equal the computed value of 

(d + d') sin 8 ~s' 
x + x' and also = --- --~0--­

• cos -; y 

Should the horizontal angle s Vs' not have been measured in the field for some reason, then the 
angles y and o may be found by computation, after carefully measuring ss' on the negative and 
using the formulas 

where: 

tan ~ = J<P ~1~J!-dj~~~) and 

tan~ = JU) ;-~ ~ ;) ss') 

_ d + d' + ss' 
P- 2 

the angles of elevation a and a', which are obtained either by direct measurement in the field or 
computed from the formulas 

L 
tana=n 

t I u an a = JY 

serve to obtain checks on the values, measured on tho negatives, for y and y' by using the formulas 

Y= _L tan a and 
cos QJ 

y' = __f__ tan a' 
cos w' 

tho value for f in above formulas being tl1e same as found from the equation 

f = d. sin y = d'. sin o 

By repeating the computation with these values for y and y' (if any discrepancy is noted 
between these new and the former values for y and y') the true value for f may be obtained very 
closely. 

For all practical purposes, however, it suffices to take several pictures with a constant focal 
leng~h, and to take the mean value of the different f determined from those pictures. 
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(g) Franz Hafferl's method for finding the focal length of a photograph from the abscissre of two 
pictured triangulation points.-When the horizontal distances D and D' are great, compared with 

the differences in elevation (L and L') between the 
s ,,,.- p M -... , o' points in question (Sand S') and the camera station 

o,___/--<\ ~ '}>-,--- V, fig. 42, the ordinates y and y' will be short, their 
\ •• 1 ! ,// , lengths will be difficult to be measured, and it may 

/ \ \ 1 \ be better in that case to determine the value for 
1 \R R// 

1 \ . , \ f by means of the abscissre of the pictured points, 
I \ . / I fig. 43. 

I \ ·k_ ; _./ I \ 00' =platted (and oriented) picture trace, Vs and !- ____ ~ _ t,.:.0 _ -I- ___ ___ 1 Vs'= platted horizontal directions from the camera 
Tt'\ \ -.A C / n, station V to the triangulation points S and S' (pictured 
\ \ I , 

1 r / I as s and s'), VP= perpendicular to the picture trace 
\ ' I I through V. 

\ I I 
'· 1 I I It is desired to find f. 

\ '· \ 1 I I Describe a circle through the three points V, s and 
' \ : I ~ / s', the center of which may be at O. 

'-..... .... \l1y _ .• / The angle sOs' = 2 (sVs'). The perpendicular 
-cµ - - through 0 toss' ( = OM) will bisect this line and the 

FIG. 4-3 center angle sOs' into two equal parts; hence, s01lf 
and s' OM each = s Vs', and if the radius of the cir­

cle passing through s, s' and V = R we will have the following relation (from the triangle s1lIO): 

sM x + x' 1 x + x' sO-R- ------ · ----· sllf- ---- - sin sOJlf- 2 sin sOllf' - 2 

Having drawn the diameter mn parallel with 00', we will have 

/=VP= V.A +.AP 

V .A being vertical to mn it will be the middle proportional to mA and .An: 

m.A : .AV= AV : .An or 

m.A • .An = .A V 2 

x'-x 
We can now replace m.A by (mO-AO) = R - - 2-

and as 

we find: 

and finally: 

x'-a; 
An=nO+AO=R+-2 -

AP= OM= Silf cot 1lfOs 

x'+x = -~ cot s01lf 

( 4) General arithmetical metltod for finding the platted positions of points pictured on photographic 
perspectives (exposed in vertical plane).-If we refer the pictured points to the principal point P by 
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means of the rectangular system of coordinates formed by the principal line ff' and the horizon 
line 00' we will have with reference to fig. 44: 

S and S' = two camera stations; MN and M' N' = two picture planes exposed in vertical 
plane, one from station S, the other from station 8 1

; aa' ( = y) and a' P ( = x) = coordinates of 
pictured point a on MN; a' a'1 (= y') and a'1 P' (= x') =coordinates of a' pictured on M' N'; 
f = focal length (the same for both pictures MN and M' N'); D = 80 A 0 = horizontal distance of 
A from station S; D' = 8 1

0 A 0 =horizontal distance of A from station 81
; d =Ba'= 80 a0 = hor­

izontal distance of pictured point a from point of view 8; d' = B'ai' = 80
1a0

1 =horizontal distance 
of pictured point a' from point of view 8 1

; H = elevation of A above horizon plane of station 8. 
H' =elevation of A above horizon plane of station S'; B = 80 8o' =horizontal distance between 
the stations 8 and 8 1

; a and a' = horizontal angles included between B and the principal planes 
passing through 8 and S', respectively. 

If the camera (theodolite) was in perfect adjustment, if the base line B is known, and if the 

A 
.... o, 

, , I ' 
, I '·. 

I •• 
. 
' 

F'1G. 4-4- • 

angles a and a' had been observed, we will know the values of B, a, a',f, and the coordinates 
x, y, x', and y', the latter being obtained by direct measurement on the negatives. 

We can now compute- . 
(1) The horizontal angle y, included between the principal plane and any horizontal direction, 

Sa', fig. 44, from the equation: 
x x' 

tan y = J ~r tan y' = l 

(2) The angle of elevation /3 of the line of direction Sa to any point, A, pictured as a on 
the photograph MN, from the equation: 

As 

we may also write: 

or 

y y' 
tan fl = d or tan fl' = al 

d= vf2+x2 or d'= Vf2 +(x')2 

y 
tan /3= -Ip+ X2 

y' 
tan /J' = \/}2+(X')i 
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We know the length 8 0 8 0
1 (= B) of the triangle S0 A 0 S0

1
, and the angles y, a, y' and a' also being 

given, we have 

whence I 

or 

.D: B =sin (y' +a'): sin [1800 - (y +a+ y'+ a')] 
sin (y' +a') 

= sinlr -+ a-+r' + a') 

A 

-~ ~, I \ 

' I 
' ' : 
6-r 

F1G.1f5 

I \ 
I \ 
I \ 
I \ 

\ 
\ 

\ 

\ 

\ 

\ 
\ 

8 A _ D _ B sin ( y' + a') 
0 0 

- - sin (y + a + y' + a') 

S. 'A _ D' _ B sin (y +a) 
0 0 

- · - sin (y + a+ y' + a') 

\ 
\ 

i 
' i 
i. i 
I 

". ·1 

I I 
i : ! 
. I 
; ' 

i. \ I 

The difference in elevation, H, between the point A and camera station S may be found from 

H 
]) =tan fJ 
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wllence 
H =D tan fJ 

01' 
H' = JY tan /J. 

( ~) General arithmetical method for finding the platted positi~ns of points pictured on photographic 
per.~pective.~ for inclined picture planes.-For inclined picture planes we will have to take into 
co11Ri11Pration the angle of inclination of the plate-the angle which is included between the 
optkal axis of the inclined camera and the horizon plane of the camera station. 

We have, with reference to figs. 45 and 46: 

F"tG. 4-6 

a= horizontal angle between the principal plane of station S and the vertical plane passing 
through station S and the point A, pictured as a on inclined picture 1lIN; fJ = angle of elevation 
of the point A observed from S; y =angle of jnclination of the photographic plate 1lfN; o = 
1800 - y; 00' =horizon line on MN when vertical, permanently marked on the camera; P = prin· 
cipal point for the vertical plate, also permanently marked as the intersection of the principal 
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and horizon lines when the plate is vertical; Prr = y =ordinate of a on MN (fig. 46); arr= x = 
abscissa of a on MN, very nearly= a'P'; ::E =vanishing point ("kernel point") for all vertical 
lines pictured on MN. 

From inspection of fig. 46 it wil~ follow directly: 

aa' rrrr' SII 
tan /3 = Sa' = Sa' = Bai 

- Pp-PII - '!I COB y-fsin y 
- VX2 + (S1l 1

)
2 

- ,.; x2 + (SII + llrr'}2 

- '!I COB y - f sin y 
- v x2 + (SII + pn}2 

_ y cos y - f sin y 
- .; x2 + (/COB y + '!I sin y )2 

and 
a'n' x x 

tan a = -- = = ~----~-
Sn' SII + prr f cos y + y sm y 

(We bad found for the vertically exposed plate . 
tan /1 = '!I and 

JV vxz +f2 
x 

tan a =l 

The preceding formulas for tan a and tan fl will assume the form of the latter if the angle of 
inclination y is reduced to zero, as sin y = sin 0 = O and cos y = cos O = 1.) 

After having thus found a and f:l (also a' and /3') we can now compute the value for D = S 0 A. 0 

and for H =A.A.' 
With reference to fig. 45 we have 

hence 

and from 

we find 

D sin {E' - a') 
B =sin [1800-(a+ E+ ~'-a')] 

D _ B sin ( E1 - a') 
- sin (a+ e + E1 

- a') 

H 
tan /J= D 

H=D tan f3 
- D ('!/COB y -f sin y) 
- vx2 +(/cosy+ '!I sin y) 2 

If an ordinary surveying camera, with a constant focal length, is 
A.. used, and when it should become desirable to expose a photographic 

plate in an inclined plane, the complement o of the angle of inclina· 
tion of the optical axis ( = y) may be determined more readily (but 
only approximately) than the latter by carefully measuring the dis· 
tances A.D, fig. 47 (in the direction of the line of a suspended plumb 
bob), and DB, supposing A.B to be parallel with the photographic 
plate. 

FtG.4-7 (6) General· analytical determination of the elements of a photo-
graphic perspective.-If, in addition to the photographs, data obtained 
by instrumental observations are given for a graphical determination 

of the focai lengths of the pictures, their horizon lines and principal points, then these ele1nents 
may also be determined by computation. · 

A picture, MN, may contain the images a, b, and o of three known points, A., B, and c, the 
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position of the camera station (whence this picture ·was obtained) being likewise known with 
reference to the three platted points A', B', and 0', fig. 48. · 

To orient the picture trace (or ground line) gg' with reference to the platted station S', and 
the platted points A', B', and 0', the latter are preferably referred to a system of coordinates 
having the platted station S' as origin. 

In fig. 48, for t•xample, a rectangular system of coordinates, S' Y and S' X, bas been adopted, 
with the origin in S', and axis of abscissa passing through one of the three triangulation points. 

The coordinates of the three triangulation points A', B', and 0', platted on the chart projection, 
are found by measurement= X1Yi. X~Y2, and X3, respectively. 

The coordinates of the ortlwgonal pr~jections (on the picture trace gg') of the corresponding 
points, pictured on the photograph JlfN, may be designated by x 1y1, x 11y 11 , and xrn, respectively. 

y 

.......... -........ x ............... -. i 
I 

I 
---·-. ·t·· x --------- --··--·-·--"l . 

I . 

c' 
s· ! I : 

........... -- 'J(.x.···- ..... ___ .J g : 

..................... - )\., ............... J 
x 

F1 c;. 48 

The horizontal distances between a and b, b and c, a and c (which are the same as those 
between a' and b', b' and c', a' and c' on the picture trace) may be m1

, m11
, and m111

1 respectively. 
We will find directly, from an inspection of fig. 48: 

(1) Y1 : X1 = Y1 : X1 
(2) Yu : Xu = Y2 : X2 
(3) 'Y1 : 'Ya = m111 ·~ mn 
(4) (x111 - X1) : (x11 - x 1) = m111 

: m1 

(5) (xm - X1)2 + Y12 = (mm)2 

From these five equations the five unknown· quantities Xu Y1, Xm y11 , and Xm-the coordinates 
of the points a', b', and c', which are to be located-may be computed. 

From the area of tbe triangle S'a'c' 

y,.x111 f'.m111 
2 - ... 2 ·-

we find the focal length 

f
_Y1• ;VIII 

- 11i111 

6584-43 
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The horfaontal angle of orientation y-included between the principal ray S' P' and the 
horizontal direction to 0 ( = S' 0')-may be found from the eq nation: 

cosy =_Lor=~ 
X111 11i 111 

Tlie principal point P' may now be located upon gg' from c' by making 

P'c' = x 111 sin y. 

The differences in elevation between the camera station S and the three triangulation points 
A, U, an<l 0 being known, it will now be au easy matter to draw the horizon line upon the 
photograph and mark the position of the principal point Pon the same. 

II. GRAPHICAL ICONOMETRIC :!IIETHODS. 

(1) 1lfetltod of Col. A. Laussedat.-Oolonel Laussedat's methods of constructing topographic 
maps from perspective views of the terreno~ having beP,n widely published, form the groundwork 
for all subsequent work in this direction; they are chiefly of a graphical character and they are 
in harmony with the laws of perspective. · 

l1aussedat considers two cases in reconnaissance surveys for geographic expeditions to 
which photo-topographic methods may be applied with advantage: 

(1) The explorer may remain sufficiently long in one locality to make a survey on a large 
scale, say 1: 20 000, and even larger for sped al purposes. 

(2) The explorer moves rapidly from place to place, gathering only the most necessary data 
on his itinerary to enable him to plat the topography of the traversed country as a "running 
survey" on a small scale-say 1 :50 000 and even smaller-preserving and representing only the 
principal topographic features met \vith on tho track survey. 

In the first-mentioned case the explorer will measure one or more base lines, with as great an 
accuracy as the means at hand and the time at his disposal will admit. He will then cover the 
area to be mapped with a system of triangles, connected with (or founded upou) the base line, 
aud, inasmuch as the triangulation stations will be occupied with the surveying camera, the 
scheme should be laid out with due reference to the subsequent iconometric platting of the 
topographic features. 

Wlien applying the ordinary surveying methods the triangulation scheme would probably be 
laid out with a view toward covering as large a territory as possible, occupying the least number 
of intervisible pQints. With the use of photography, however, the conditions are changed; every 
topographic feature that is to be platted iconometrically should be seeu from two or more camera· 
stations. The latter are to be triangulation stations, or they will have to be tied on to the general 
scheme by special supplementary instrumental observations. St.ill it is not always essential that 
the higliest peaks, which may be included in the trigonometric survey (as concluded points), should 
also be occupied with the camera, as frequently other camera stations will answer the requirements 
just as well. 

Regarding the second case, where the explorer follows a certain route, making only the most 
necessary (and at best but short) side excursions, the pnoto-topographic method is even of greater 
value than in the first case, particularly when traversing open and broken country. For this 
kind of reconnoissance it may be well claimed that the photographic method surpasses all other 
surveying methods rega1·ding the amount of data which may be collected in a limited time period. 

All topographic operations and instruments servo to measure vertical and horizontal angles, 
and a photographic perspedive (of which the focal length and the positions of the horizon line 
and principal point are known) will give all the data ueeded to determine the vertical and hori­
zontal angles of lines of direction drawn from the point of view to all points pictured on the 
photograph. 

'l'he points A and B, pictured on the vertical plate MN; fig. 49, may represent the images of 
two distant mountain pealis; <t and b will be their orthogonal projections upon the 110rizon line 
HH1 (picture trace in horizontal plane RH). 
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a Sb= a= horizontal angle between lines of direction from the station to the two peaks, A 
and B. SP (perpendicular to HH') =distance line or focal length of the picture 1lfN. 

'l'he vertical angles fJ and y may be showu, in horizontal plan, by revolving the vertical 

FIG. 4-9 

planes passing through SA arnl SU about the lines Sa and Sb, respectively, until they coincide 
with the horizon plane H.H. This has been done in fig. 49 for the vertical plane Sa A: 

a A = a (A) and (A) a S = A a S = 900 
A Sa=(A) Sa=/1. 

'l'he vertical angles fJ and y may now be measured in horizontal plan as (/3) and (r). 
To iudicate the general method of iconometric platting, and to show how the platted features 

of the terrene may be obtained from the photograplls, we will refer to figs. 50 and 51. 

F1 G . .SO 

A, R, and 0 are three camera stations, platted in horizontal plan, whence three perspectives, 
I, II, and III, fig. 51, of tlle same knoll ]) were obtained. 'l'he traces of these three pictures on 
the platting sheet, fig. 50, may be HA AM H 11 Jl11 , He Ile. All three photographs may have been 
obtained with the same camera of constant focal length-the distance lines PA A, Pu B, and I'c 0 
are of equal length. 
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(a) Lor((ting points identified on several photographs on the platting sheet.-Thc three stations A, 
B, and Care platted, either as parts of the triangulation system, or by measuring the ba:,le line AB 
on the ground and measuring· the horizontal angles CAB, OBA, and ACB, after which the sides 
AO and BO may be found graphically (or by computation) and the triangie ABC may now be 

I ][ 

0 

He H .. 

v. 

FIG.SI 

][ 

v. 

0 

tc. He 

. . . . w 

platted upon the working plan. Horizontal angles or directions to D having also been observed 
from A, B, and O, its position with reference to those three points may also be platted. To plat 
the three picture traces HH we must know the horizontal angles PAd (=a), which are observed 
in the field for each picture by means of the horizontal circle attached to the phototheodolite. 

H 
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The angles a are platted as a A, an, and ac, fig. 50, and 
the constant focal length (=f) of the three negatives I, 
II, and HI, fig. 51, is laid off on the radials APM BP0 , and 
OPc. Perpendiculars erected to these lines in 1\, P 8 , and 
Pc, respectively, will represent the oriented picture traces 
HAHA, HuH11 , and RcHc, when the abscissre PAdM I'8 d8 , and 
Pede, measured on the negatives I, II, and ItI, should equal 
the lengths PAdA, P 11d11 , and Pede on the picture traces. 

The point D is termed a "reference point." Every 
picture that is to be used in iconometric platting should 
contain the image of at least one such reference point of 
known position in both the horizontal and vertical sense. 

After the picture traces HH have once been platted, 
any other point, T, of the terrene, shown on two or more 
photographs, may readily be platted from the photographs 
without requiring instrumental measurements in the field. 

To locate the platted position of the point T, shown 
on two pictures, I and III, as t, the abscissre, PAtA and Pete, 
are laid off on the picture traces HAHA and HeHc, respec­
tively, from PA and Pc and on the proper side of P to corre­
spoml with the position of the image t with reference to the 
principal point, P,ofthe perspectives. Lmes drawn from A 
and C through tA and tc, fig.50, represent the lines of hori­
zontal directions to T, and their point of intersection locates 
the position of Ton the plat with reference to A, B, and O. 

( b) Determination of the elevations of pictured points.­
The horizon line HH' of a perspective, fig. 49, being the 

intersection of the vertical picture plane :MN with the horizon plane (passing through the optical 
axis of the camera), will intersect points in the picture which in nature have the same elevation 
as the optical axis of the camera or as the point oi view S. 
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The distances Sa and SA, fig. 52, are measured on the platting sheet and ·the ordinate aA, 
fig. 49, of the pictured point a, on the negative. Perpendiculars are then erected to SA in A and a 
and the Jatter is made equal to the ordinate of a taken from the picture= Aa =a (a), fig. 52. If we 
now draw the line S(a.) (to its intersection with the perpendicular in A), tbeu tile triangles Sa (a) 
and SA (A) will be similar and the angle AS (A) will represent the vertical angle (of elevation) of 
the visual ray from S to A revolved about SA into the plane of the horizon or into the platting 
plan. From the similar triangles Sa (a) and SA. (A) we derive the proportional equation: 

whence 
A (A): SA= a.(a): Sa 

a (a). SA 
A (A)=-------

sa 

The value found for A (A) mea~mred on the platting sea.le will give the difference in elevation 
between camera station horizon and the point A. 

In practical work the elevations of the camera stations are known, and by adding the height 
of the instrument including the value A (A) to the elevation of S, fig. 49, the absolute height of 
A will be found, which, however, is still to be corrected for curvature and refraction. 

A second value for the elevation of A may be found in the same manner for another negative 
containing the image a (taken from another station), and the mean of several such determinations 
is adopted for the final value for the height of A. 

( c) Drawing the plan, including hm·izontal contours.-After some little practice points, pictured 
on different negatives but representing identical points in nature, will readily be identified by the 
obser>er and he will soon be able to pick out the characteristic points to reproduce the water 
courses, watersheds, roads, canals, etc., on the platting sheet. After these principal guide lines 
have been well located on the chart, buildings, outlines of woods, marshes, etc., are platted, 
including everything that is to be shown on the finished map. 

Enough points should be platted iconometricaUy to give a good control for a. correct delinea­
tion of the relief. When the number of points determined on the plan is sufficient, or if they are 
favorably located to give an adequate control only for the delineation in the horizontal sense, 
additional points should be platted in order to obtain an equally good control of the terreue in the 
vertical sense. 

The planimetric work completed, elevations of as many of the platted points as seem neces­
sary (or additional ones) are determined and inscribed on the chart. Horizontal and equidistant 
contours may now be drawn, by interpolation, to harmonize with th~ elevations suffixed on the 
chart to the points of control, conforming their courses (between the located points) to the 
configuration of the terrene, as it is shown on the photographs. 

It can not be denied that a certain amount of study and practical application are required to 
enable the draftsman to correctly interpret forms of the terrene, shown in perspective. Yet, 
it should also be admitted tllat such translation or conversion of the relief of the terrene into the 
horizontal map projections may be far more accurately accomplished (at one's leisure) by means 
of geometrically correct perspectives, than could be accomplished by sketching in the field. 
When topographic features are sketched, as seen from one (]irectiou, they will frequently be found 
to have been misconceived when they are seen again from another (not anticipated) point of view. 
Of course, the platted forms may then be corrected in a mea::mre, at least, still, mauy details are 
sketched which will not be seen again from other stations, and, even those that are seen again 
nuder other conditions may not be modified to conform to their true shapes, unless the original 
station, whence they were first seen and sketched, could ue reoccupied to verify the suggested 
changes and corrections. Generally speaking, t<ipographers regard a second occupation of a. 
::;tation with little favor, it being considered too great a waste of time, retarding progress, and 
cousiderably increasing the cost of the work. 

Jn icouometric platting, however, it is always an easy matter to refer back again to panoramic 
viewR obtaiued from some other station, and tile platting of topographic details should not be 
attempted without having first made a careful study of and a. close comparison between the 
various pictures representing the same featurel-1 but seen from different points of view. 

(2) Method of Dr. A. Meydenbaur.-The pantoscopic lens (made by E. Bush, H.athenow, 
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Prussia) of Dr. Meydenbaur~s surveying camera commands an angle of about 1000. By excluding 
an external ring of the effective disk of these lenses by means of a diaphragm, pictures are 
obtained subtending an angle of but G<>0 , requiring six plates for a complete panorama. 

'fhis camera has neither telescope nor vertical circle but it is provided with a horizontal circle, 
thus enabling the operator to control the revolutio11s of the camera in azimuth. 

After this camera has been set up aml adjusted over a station the panorama is photographed 
by exposing six plates in succession, each successive turn in azimuth of the camera covering an 
angle of 60°, fig. 53, ancl two adjoining plates lapping over each other by 3° in arc. These com­
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mon margins (like Paganini's plates) contain identical 
sections of the panorama view. They may serve to find 
the value for the focal length of the pietures, and they 
control the permanency of the camera's adjustments dur­
ing one complete revolution in azimuth. 

(n) Determination of the focal length for the pano­
rama views.-From the six plates, covering the entire 
horizon from oue station, objects may be selected on the 
center lines of the common margins of adjoining plates 
which should be equidistant from the principal lines of 
the two plates. 

After having selected a series of such reciprocal 
points (using a magnifying glass if necessary) on all six 
plates, we will have obtained twelve determinations, 
represented by the length l, for the position of the prin­
cipal line. The greatest discrepancy between any two 
values should not exceed 0·2 mm, if the instrument was 
well adjusted. The sum =2l of ·two such distances 
(between two of the corrected principal lines) will rep­

resent the effective lengths of one picture, or the length of one side of a regular hexagou, with 
an inscribed. circle of the radius equal to the constant focal lengths ( =f) of the negatives. 

This length -"f may be found graphically or it may be computed from the formula: 

l 
f-t[111 300 

When positive prints are to be used in the icouometric map construction it will become neces­
sary to correct this focal length f to correspond with any changes that may have taken place in 
the dimensions of the prints when compared with their negatives. By comparing the distances 
between the" teeth" (marking the principal and horizon lines) on the negative with those included 
between their contact prints on the positive the 
total linear changes of the print in the directions of 
the principal aud borizon lines are readily found .. 

We have with reference to fig. 54.: ab= original 
length included between the teeth marking the hori­
zon line on the negative. a'b' =length of horizon 
line (included between the pictured teeth) on the 
positive priut. co = f = constant focal length of 
camera or negative. 

If we draw the triangle abO, place the line a'b' 
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FIG. S4-

(measured on the print) parallel with ab and move the same (maintaining its direction parallel 
with ab) toward (or from) 0 until a' falls upon ao and b' upou bo, then c'O will be. the focal length 
of the photograph ("contracted," in our case). This determination off should be made for every 
print that is to be used in the iconometric map construction. 

The topographic map is graphically constructed from the negatives and prints in a manner 
very similar to that described for Colonel J.Jaussedat's method. 

(b) General method of iconometric platting.-With reference to fig. 55 we have: 
I and II= two negatives of plates exposed from camera stations I and II, respectively. 
I II = baseline, measured in the fiel1l. 
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The elevations of camera stations I and II may be known and negative l may contain the 
image of station II, negative II that of station I. After the baseline I II has been platted in 
reduced scale (in the scale of the proposed map), circles are described about I and II as ceuters 
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with radii = cO = f = constant focal length of thC' uegatives. Then make 

I 110 = 011., (Pl. I) and 
II Io= Olo (Pl. II). 

Describe arcs from Il0 with -II0 c = x1
11 (plate I) and from I 0 with J0 c = :v11

1 (Pl. II) as radii, 
trant-"posc cf.u = .r\ (Pl. I) on the tangent Il0 c and ct0 = x11t (Pl. II) on the tangent I.,c. 
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The prolongations of t0 I and t' 0 I will be tangential directions to the sides of the tower T 
(pictured on Pls. I and 1I) from camera station I, and t0 II and t' 0 II will be the tangential direc­
tions to the sides of tlie same tower T from station II. These four tangents intersect each other 
at T ill a quadrallgle, the inscribed circle of which will represent the position of the tower (in 
horizontal plan) with reference to the baseline I II. 

Any other points, common to both Pls. I ayd II, may be located in horizontal plan in pre-
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cisely the same man11er. The method just described is general in character, but when the camera 
is provided with a. hor1zo11tal circle, enabling the obsen·er to cover the horizon with six plates by 
revolving the camera exactly 600 in azimuth after each exposure, the followiug method is generally 
applied: 

The constant focal length=/ of the negatives is laid oft' on the principal line below tl1e 
principal point= c'O for negative I and= c"O for negative II. 'fhe images of the stations are 
projected upon the horizon lines, 8 11 upon H 1H 1 '(Plate I) and S, upon JI11 H 11 (PI. II) when 
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c'OS11 =a' represents the horizontal angle included between tbe principal plane and base line 
I II, and c" OS, = a11 represents the corresponding horizontal angle for station II. These angles 
a' and a" are transferred from the negatives I and II to the corresponding ends of the base liue 
I II, as indicate(} in lig. 56. 

After laying off the focal length f from the base stations I and II upon the sides of the augles 
a' and a" ( = Ic' and IIc" respectively) and erecting perpendiculars (H' 11' and H 11 H 11

) inc' aud c'' 
to Io' and IIe" respectively, they will represent the oriented picture traces of negatives I aml II. 

The remaining two sets, of five plates each, of the panorama views at the stations I and II, 
are easily oriented and platted, the next plate in 
order at station I, for instance, will have the 
optical axis in the direction a'+ 600, the third: 
a' + 1200, ete. 

After all the horizontal projections of the ver­
tical plates (picture traces) H 1H 1, H2H2, • • • 
H 6H 6 , fig. 57, have been platted at both stations I 
and II, the horizontal projections of all points that 
may be identified on two plates are marked and 
platted by locating tbe intersections of the lines of 
direction drawn through the projections on the 
picture traces of the picture<l points in the same H" 
manner as shown in fig. 56 for the tower T. Every 1 

platted camera station will be surrounded lJy a 
regular hexagon formed by the picture traces of 
the six plates comprising the panorama set. 

( c) Deterinination of the elevations of pictured 
points of the terrene.-The projection in horizontal H" 
plan of an object having been platted, the eleva- 5 

tion I( S,) of that object S, above (or the depression 
of it below) the horizon, RH, of the camera station 
II may be found as follows: 

The lengths II81(= OS1 on Pl. II) and I II, fig. 
56, may be measured on the platting sheet, and the 
ordinate y. may be taken from the negative II. 
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We erect perpendiculars to I Hin Si = y. = 8 1 ( S1) and in I, then dra\v the line II( Si) to its 
intersection (S,) with the perpendicular to I II in I, when the length I( 81 ), measured iu the 
platting scale, will represent the difference in elevation between the points I aud II. 

By computation we would find from: 

I(Si): y.=I II: S1 II 
III 

I(Si) =Y·s II 
J 

If the scale of the map is Ji, we will have: 

I II I(S1 ) = M.y •. - - -
S,II 

The values of y., I II, and S1II are found by direct measurements with a small ivory !'Cale 
divided into 0·5 mm., of which 0·1 mm. may be estimated after a little pmctice. 

(3) llfethod of Capt. E. Deville ( Oanailian mcthorl).-This so.called Canadian metl1od has been 
in use under the auspices of the department of the interior of the Dominion of Cauada siuee 1888. 
Deville has given a full account of these methods in Photographic Surveying, pulJli:<hed at the 
government printing bureau, at Ottawa, in 1895, and the following paragraphs have been largely 
taken from Deville's hook: 

(a) General remarl.:s on field worlc.-The area to be surveyed is covered with a triangulation 
net, preferably before the phototopographic survey is commenced, ancl a secondary triangulation is 
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carried along with the phototopographic work to locate the camera stations in both the horizontal 
and vertical sense, with reference to the primary triangulation stations already established. 

The surveyor makes a rough plat of the entire triangulation (in the field), on which he locates 
all the stations occupied to enable him to recognize the weak points of his work and to plan his 
operations with a thorough understanding and good assurance of success. The instrumental 
work in the field is done merely to locate the camera stations and certain reference points (if the 
triangulation points are not sufficiently close together), all topographic features being deduced 
from the pictures. · 

'rhe camera stations are located either by angles taken from the station to surrounding 
triangulation points, by resecting, or by angles observed from the latter to the signal left over the 
camera station, by fotersecting, or by both methods combined. 

The final value of the work depends in a great measure upon a judicious selection of the 
camera stations in order to bring the relief of tlte entire terrene under proper control and to be 
enabled to plot all points needed for a full development of the terreue by the method of intersec· 
tions of horizontal lines of direction. 

Other methods for platting the topographic features and details are employed only when the 
method of intersections. fails on account of the camera stations not being well situated, or on 
account of an insufficiency of data to give the requisite number of horizontal lines of direction 
for a good location of points by "intersecting." 

Each camera station should be marked by a signal of some kind before leaving it, not to be 
shown on the pictures, but to be observed upon with the transit or altazimuth from other stations 
in order to locate the correct position of the camera station on the platting or working plan. 

Frequently it will be of advantage to set the camera up excentrically over a triangulation 
station in order to include certain additional parts of the landscape in the views. The position 
of the excentric camera station, with reference to the triangulation point, can readily be ascer­
tained, and should always be carefully recorded. 

Complete panorama sets are not taken at every camera station, it being preferred, rather, to 
increase the number of stations, often occupying a station to obtain a single view only, if by 
doing so better intersections for the icotiometric location on the platting sheet of some special 
feature are obtained. Multiplicity of stations demands but a small increase in labor, either in 
the field, in the extra observations of directions to reference points for their location, or in the 
iconometric plattiug in the office, and enough stations should always be occupied to give a full 
control of the relief of the area t-0 be surveyed. 

A certain section of the terrene may be so located that it will be a difficult matter to select 
more than one station whence it may be. seen. In such a case the method of "vertical intersec­
tions" may often become useful: Two or more views of such area are taken from stations at 
different elevations, the greater the difference in altitude between such stations the longer will the 
base line be, and the better are the intersections which locate the features in question, if the latter 
are not too far away. 

As enough plates should be exposed to cover the ground completely, the camera stations 
will have to be distributed in such a way that all valleys, sinks, and depressions, that may be 
represented in the scale of the map, are well controJled (i, e., seen from different camera stations). 
It is evident, therefore, that the number of stations to be occupied for the phototopographic 
development of a certain area will depend in a great measure upon the character of the terrene 
and upon the scale of the chart. 

Two or three well-defined points (so-called reference points) in each panorama view (covered 
by one plate) are observed with the transit or altazimuth noting and recording the vertical and 
horizontal angles upon the outline sketch made f 1r every plate exposed. Such sketches serve to 
identify points with far more certainty than a mere designation or description -0f the points 
observed upon. The general triangulation notes are kept in the usual manner. 

Vertical angles are observed to check the position of the horizon line on every photograph 
and to correct ~rrorl'! due to small changes ii} the level adjustments of the camera that may arise 
during the transportation of the instrument over a rough trail. The horizontal angles are needed 
for the location of the camera stations and for the orientation of the pictures (picture traces) on 
the plattmg sheet for the subsequent map construction. 



REPORT FOR 1897-PART II. APPENDIX NO. 10. 683 

(b) General rema.rks on the iconometric platting of the .mrvey.-The field notes of the phototopo­
graphic surveys made in the Northwest Territory of the Dominion of Canada by the topographical 
surveys branch of the department of the iuterior (under Capt. E. Deville, surveyor of Dominion 
lands), are platted on a scale of 1: 20000, but the maps are published on a scale of 1: 40000, with 
(ec1uidistant) contours of 100 feet vertical intervals. 

The phototopographic reconuaissancc in southeastern Alaska, executed by Dominion land 
surveyors under Dr. W. F. King, Alaskan boundary commissioner to Her Majesty, was platted 
011 a scale of 1: 80000 and published on a scale of 1: 160000, with horizontal contours of 250 feet 
vertical intervals. 

It is assumed that the triangulation computations have been made and that the triangulation 
points have all been platted, and that their elevations above the adopted reference plane liave 
been affixed to the marked points on the platting sheet. 

The triangle sides of the secondary triangulation scheme (executed during the phototopographic 
survey) are now computed (the corrections to the horizontal angles, indicated by the closing errors, 
having been applied), the latitudes and departures (from every secondary point to the nearest 
primary station) are computed, and the secondary stations are then platted by their latitudes 
and departures (unless the primary triangulation sides are too long). 

The camera stations (not included in the seeondary triangulation scbeme) are now platted with 
reference to the triangula:tion points, using a table of chords or a station pointer (three-arm vernier 
protractor). If many points had been observed upon from the camera station, tbe borizontal 
angles are preferably laid off on a piece of tracing paper, and this improvise<l multi-arm protractor 
is used like a station poiuter to locate the station. 

The surveyor should endeavor to obtain at least one direction from a triangulation station to 
every camera station; tbe (iconometric) platting will then be less troublesome and more accurate. 

Photographs should not be used for platting the positions of camera stations, as this would 
not locate tbem with sufficient precision, and enough angles should always be observed in the field 
to locate every occupied station in tbe manner just mentioned. 

From the original negatives copies are made, enlarged to 9~ by 13 inches on beavy bromide 
paper, more recently, however, a special brand of bromide paper, known as ''platino-bromide," 
lias been used by Captain Deville. The enlargement adopted in Canada for these bromide prints 
is about 2.1 times larger than the negatives, which ratio was selected to utilize the full width of 
the paper found in market. 

These bromide enlargements are used extensively in the map constructfou, and they should be 
made witb great care to reduce distortion to a mimmurn. Before using the prints for the map 
construction any distortion due to the enlarging process should be ascertained, which is done in 
the following manner: 

E p 

0 

G P' 

FIG- 58 

.Join tbe middle notches II and H', indicating the position of thn horizon line, a)l(l J> aud I'', 
representing tlle position of the principal line, fig. 58, and with a set square test tllese two lines for 
perpendicularity. Take with a pair of dividers the distance between the two notebes A a11d B 
(which 011 the negative is equal tQ one-half of the constant focal leugth) and see whether it is: 
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equal to the distance of the corresponding two notches C and D. Now apply one of the points 
of the dividers in P; the other should eome in E and P. Transfer tl1e point to P' and cl1eck the 
length P'G and P'J in the same way. If the print satisfies all these ti sts, it may be nsed for 
the iconometric platting; if it does 1101, it is returned to tbe photographer with a·request for a 
better one. 

(c) Platting the picture traces.-Every photograph contains at least one, generally several, (1f 
the triangulation points platted on the workiug sheet, and the traces of both the picture plane and 
principal plane are found and platted on the plan as follows: 

r :t~ 
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The distance, or principal line PS, fig. 59, is made equal to the focal length of the picture, and 
the image point a of the point A is projected upon the principal line (=a) and upon the horizon 
line (=a'). . If S1 represeuts the platted position of the camera station Son the plan, and if S1 A 1 

represents the horizontal <lirectiou on tlle plan from S to A, we make S1a1 = Sa' (taken from the 
photograph) allll from a 1, as center, with a a ( = Pa') as radius, describe a circle to which S1p is 
drawn tangent, then S 1p =trace of principal plane and the perpendicular to S 1p through a1 = 
pa1 = trace of picture plane. 

Instead of making this construction 011 the "photograph board," wl1iclt will he described 
furtller on, it can be made on the plan itself, as follows: 

On S1A1 take S1B, fig. 60, equal to the focal length of the print; erect BC perpendicular to 
81.41 in TJ an<l eri.ual ton a, fig. 59. Join S 10 and take S 1 p eq·ual to the focal length; atp erect a 
perpendicular to S1 C anrl it will represent tlle trace of the picture plane, wliile 8 10 iR the trace of 
the principal plane. 
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Another simple method, avoiding the drawing of constructive lines on the plan, iP as follows: 
Take a triangle of bard rubber or wood and mark off along one side 

the focal distance SP, fig. 5!l, of the print, = ab, fig. 61, and carefully 
notch the triangle sicle at b so that the center of a fine needle, marking 
the platted station point, will just flt into the notch. From the print, 
fig. 5!l, take the abscissa of the pictured point a= aa =Pa' between the 
points of a pair of diYiderg, move the triangle, fig. en', a.bout the needle 
(which marks the platted station) with the left band until ac, fig. 61, is 
equal to the distance a.'l held between the points of the dividers. The 
triangle is held securely in this position and lines are drawn along the 
triangle sides ab and ac. Prolong ac beyond ii and check the distance ac 
again to be= aa. The line be represents the horizontal direction from a r---=--!'--~----. 
the platted station b to the platted reference point c (on the negative, 
fig. 5(), the picture of the corresponding reference point is a). We will 
11ow have: ba =trace of the principal plane, ac = trace of the picture 
plane, a = projection of the principal point on the platting sheet. 

The trace of the principal plane (=ab) is preferably marked on the 
platting sheet by a short line only, bearing an arrow pointing toward the 
platted station (b) when~e the picture was taken, and the principal point 
a is marked to correspond with the designation of the print. It may be 
remarked here that as few lines as possible are drawn on the platting 
sheet to avoid confusion and mistakes. (See photograph board.) 

( d) Tlte identification of picturecl points on several photographs repre­
senting identical points of tlte terrene.-The topographic survey being 
platted mainly by the intersections of horizontal directions, points con­
trolling the relief of the same arl'a must be identified on sets of pictures 

. 
' ' ' ' ·• 

fiC·. 6! 

taken from different stations. When selecting such pointi:> on a photograph preference should be 
given to those which best define the surface relief or terreue, like characteristic points of ridges, 
peaks, saddles, changes of slope, changes in the river courses, etc., each point being marked by 
a dot in red ink on the photograph and haying a number or symbol affixed to it. It will now 
be necessary to identify as many of these points as possible on other photographs, covering the 
same area, and these are similarly marked by red dots, and identical points are given the same 
designation"by number or symbol in red ink. 

The identification itself' of points on several pictures offers no serious difficulties, and, with 
some practice, as many points as may be needed for a full development of the terrene, even under 
different illumination of the pictured areas, may be picked out with rapidity aud certainty. 

(e) Application of Professor Hauck's method /01· the identification of pictnred points.-Iu cases 
of doubt, when attempting to identify the same point on two different photographs, beginners 
may take advantag·e of Professor Hauck's method, which has been described in Chapter I, 
Paragraph VII. 

The two photographs are pinned side by side on a drawing board. The images of the camera. 
stations whence the pictures were obtained are '' kernelpoints," and if they fall outside of the 
picture limits they are determined from the ground plan and platted on the drawing board. The 
parallels to the principal lines of the photographs on which the scales are to be laid off are drawn 
in the manner explained in Chapter I and the scales are fixed in position. A fine needle is now 
i11serted into each of the "kernelpoints" and the loop at one end of a fine silk thread is dropped 
over each needle, the other end of the thread being secured by a slender rubber band to a small 
paper weight (fig. Cl2). 

A well-defined point is now identified on both photographs, sufficiently far from tbe "kernel 
points," aud one thread is moved by taking the paper weight up and passing its thread, under 
gentle tension of the rubber baud, through the point just identified on the photograph, when the 
weight is deposited upon the drawing board, holding the thread in the given position. The E<ame 
operation is repeated with the other silk thread and the other photograph, when the two threads 
should intersect the scales at identical division marks. If they do not, one of the scales is to be 
moved until both threads bisect the same division marks of the scales. 
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Now the identification of the doubtful points may be proceelled with. Having selected a 
point on one of the photographs, the corresponding silk thread is moved to bisect that point, 
noting the position of the thread with reference to the scale in this position. 'l'he other thread is 
moved to bisect the corresponding graduation mark on the second scale, when this thread will 
also bisect the corresponding point on the second photograph. 

(f) Platting the intersect-ions of horizontal directions to pictured points.-After enough pictures 
have been selected to control the cartographic development of a certain area and the identification 
and marking of corresponding points have been completed, projections of all these points on the 
horizon lines of the pictures are marked (their abscissIB are measured) and transferred to the 
straight edge of a ~trip of paper, including the marking 011 the paper strip of the principal poi11t 
of every photograph. Each paper strip bears the same designation (in red ink) as the picture to 

' which it belongs. 

w 

b 

H' .z: 

Fic;.62 

'l'hese strips are now placed up­
on the platting sheet on the picture 
traces to which they beloug in such 
a manner that the principal points 
of paper strips and picturn traces 
coincide, and in this position tliey 
are securely held to the working 
sheet by means of small tlmmb tacks 
or paper weights. 

To plat the horizontal projec­
tions of a point, shown and marked 
on two prints, two fine needles are 
inserted into the platted station 
points I and JI, fig. 62 (of the two 
prints) and a fine silk thread at­
tached to a small paper weight w 
(by fine rubber band b) is secured 
to each needle by a loop. 

The thread attached to station 
needle I is now moved over the 
weighted paper strip (indicating the 
picture trace on the plan) until it 
bisects the liorizontal projection a' 
of the picture point a. The weight 
is now placed upon the working 
plan, holding this thread (under 
slight tension) in this positio11. The 
second thread, attached to the nee-

dle in station II, is placed over the projection a" of the image of the point A, also under tension 
of the rubber band. The point of intersection of the two threads will be the position on the plan 
of the point to be platted (=A). After this position of A upon the plan has been checked, in the 
same manner, by means of another photograph (thread and paper strip) taken from a third station, 
III, and containing the image a'" of the point A, its platted position is marked by a dot i.ti red ink 
and its designation corresponding with that given on the prints is also affixed . 

.After a sufficient number of points have been platted in this manm,rr by intersections, and 
after they have all been supplied with the letters or numerals given them on the prints, their 
elevations are determined and also added in red ink. Frequently the designation of the points 
by letters or symbols are only added in pencil on the working sheet, to be erased after the eleva­
tions of the points have been affixed to them in red ink. 

When the strips of paper should overlap each other, as shown in fig. 63, the part OD of the 
picture trace PQ is marked off on the strip JIJN lying under PQ, the paper strip PQ is placed hi 
proper position, and the marks on its edge are transferred to the line OD. The strip PQ is now 
placed nuder MN, the marks on the latter along OD serving the same purpose as those of PQ. 
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When a station, A, fig. 64, falls so close to the edge of tho working board that the trace QR 
(of the picture plane) falls outside of' the limits of the plan, then the trace AO of the principal plane 
is produced to B, making AB= A 0 = focal length of the picture, and JlfN is drawn perpendicular 
to BO or parallel to QR. The line JlfN will, with reference to QR, occupy the same position as 
the focal plane of the camera does to the picture plane of the perspective. The direction of a 
point of the photograph projected in Q on the picture trace is 
found by joining NA and produciug to the opposite Hide of A. 

As mentioned before, t,he i11tcrsection of the first two liues 
of direction should be checked either by a third line or other­
wise before tlie position on the plan of a pictured point should 
be accepted as correct. Such intersections may, for instance, be 
checked by determining the height of the point from both photo­
graphs. Unless correctly platted and correctly identified, the two 
values for its height will not agree. This check, however, docs 
not guard against slight errors iu platting. A check may also be 
obtained by drawing a Iiue, on which the point is situated, with 
the perspectograph or perspectometer, but the best cbeck will al­
ways be a third intersecting line of direction from a third station. p 

(g) Platting pictured points iconometricallv by vt:rtical intersec­

M 

tions.-We had seen ho\v the base line between two stations is projected into borizontal plan for 
the method of horizontal intersections hitherto considered, but when two camera stations are 
occupied at different elevations (and close together horizontally) to locate features of the terrene 
by intersections, the so-called "method of vertical intersections" is employed. With this method 
the base line (its horizontal projection being either too short or more frequently falling into t.Jie 
directio11 in which the points to be located iconometrically are situateu) is projected upon a vertical 
plane. The greater the difference in elevation between the two stations, the greater the length of 
this base-line projection in vertical plane, and also the better the location of tl1e points by vertical 

intersections will be. 
Vile will have with reference to fig. 65: 
A and B =positions of the two camera stations, platted 

upon the working sheet. (A is more elevated than B). 
aB = horizontal projection of the base line AB. As 
and BN =two negatives (showing the images dA and d0 

of the same point D) exposed· at the stations A and B 
respectively. HAnHAn' and H 8 H u' =picture traces of the 

fl G. G4. two negatives on the ground plane or working sheet. 
al\' = BPu' =focal length of the negatives AN and Br;. 

We will assume that the horizontal plane passing 
tl1rough the lower station (B) is the ground or platting 
plane, and the principal plane of the negative A may be 
taken as the vertical plane of projection. JI AnH An' will 
then be the trace of the picture plane As on the ground 
plane .. 

Furthermore, the principal plane, of which aPA' is the trace in the ground plane, is supposed 
to be revolved about aP/ into the ground or platting plane in order to simplify the construction. 

To plat the position in the ground plane of a point D, pictured on As and BN as dA and d8 

respectively, the rays AdA and Bd0 are projected upon the vertical plane (revolved about aPA' 
into the ground plane) when (di), in fig. 65, will represent their point of intersection d, projected 
into the vertical plane= d,, and revolved about aPA' into the platting plane= (d1). 

The ray AdA =AD intersects or penetrates the picture plane AN at a distance = dAdAn' 
vertically above d/, on its picture trace HAull Ae' (ground line of picture AN)· 'fhis ordinate is 
laid off upon PA'JIAn =PA' (dA), when (dA) will be the projection on the vertical plane of the 
pictured point dA. 

The vertical through a projected upon the vertical plane is represented as a (A), and if we 
make a (A)= 1\PAn' (of picture AN)= d1fl'ere11ce in elevation between the two stations A and B, 
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then (A) will be the upper camera station A projected into the vertical plane, and the line 
connecting A with the point ( dA), just found, will be the projection into vertical plane of tl.te ray 
A.dA or AD (revolved about aPA' with the vertical plane into the platting plane). 

The ray B~ = BD intersects the second picture plane BN in dn. If we draw through du' 
(projection of d8 in ground line HnHu') a perpendicular to aP/ = dn'd1 8 , then din will be the 
projection into the vertical plane of the horizontal projection in the picture trace of the picture 
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point d0 • Producing d0 'drn and making di 8 (du)= d8 d 8
1 (measured on the negative BN) will locate 

at (d") the projection of the pictured point d 0 upon the vertical plane. 
The perpendicular to aPA' through B will locate the projection into the vertical plane =b1 of 

the platted station B, hence the line connecting b1 with (d8 ) will be the projection into the vertical 
plane of the ray Bd8 = BD. 

The intersection (di) of bi (dn) with (A} (d ... ) locates the projection into vertical plane of the 
point sought, d, aud the horizontal projection of this point d (the platted position of the original 
point, D) will be on the line (d1) d1' (which is the vertical through d, or in our case the 
perpendicular to aP/ from ( d,) ), and either horizontal directions ad/ or Bd11

1
, produced to intersect 

this perpendicular (<f,i} d1' will locate the horizontal projection d' of the poiht d, representing the 
position on the platting sheet of the point D with reference to the platted stations a and B. (The 
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location of d' as the intersection of the horizontal directions a.dA' and Bda' would not be very 
accurate for our case, and far less so for pictured points on the other side of the principal point 
P 8 ' 1 where the angfes of intersection of the horizontal directions would be even smaller than at d'.) 

The point d1' being the projection into the vertical plane of the point d' ( = horiZontal 
projection into the ground plane of the point d) the length (d1) di', measured on the platting scale, 
will represent the elevation of the point D above station B. 

(h) Iconometric determination of elevations.-Generally speaking, one perspective will not 
suffice to determine the height of a point, although there are exceptions, like the points on the 
horizon line, which have the same elevation as the camera station. 

With reference to fig. 66 we have: d1 =horizontal projection of the point D. Bd1 =horizon­
tal distance between platted station Band platted position d of point D (measured in platting 
scale on working sheet). Bd1n =horizontal distance between station B and projection of pictured 
point d8 in ground line Hu H 11

1
, measured on platting sheet. d1 8 (du)= h =ordinate of pictured 

point du above ground line (revolved with vertical plane about Bd1 11 into platting plane), measured 
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on picture. d1 ( d) = H = height of point d above the ground plane (revolved into the ground plane 
with the vertical plane about Bd1). Measured on the platting scale, it will give the height of D 
above the camera horizon (ground plane= horizon plane). 

The height His a fourth proportional to the three known lengths Bd1, Bd111 , and d1u ( d11).' 

After projecting the plat.ted point d and the pictured point d11 into the principal plane, and 
after revolving the latter about the f!rincipal line BP into the platting, or ground plane we 
will have: ' 

P (du')= h =height of pictured point d 11 above the platting plane. (d'8 ) =pictured point d 11, 

projected into the principal plane and revolved with the latter about the principal line into the 
platting plane. (d') d,' =vertical height of the point d, projected into the vertical plane and 
revolved with the la.tter, about the principal line, into the platting or horizon plane; hence (d') 
di' = H = elevation of d above the horizon plane. 

This height= H being the fourth proportional to the three known lengths: 
BP= f = focal length of the print. P (du') = ordinate of pictured point d11 , measured on 

6584-44 



690 UNITED STATES COAST AND GEODETIC SURVEY. 

photograph, and Bd/ =f +Pd,'; where: Pd,'= vertical distance b"etween the platted point d1 and 
the picture trace RnHn', to be measured on the platting sheet, its value ( =R) may be found 
mechanically with aid of an ordinary sector, fig. 67, as follows: · 

Take with a pair of dividers the (ordinate) distance from the pictured point dn to the horizon 
line (on the photograph), place one point of the dividers on the division C of the sector, fig. 67, 

1.0 

IS 

FIG.68 
10 

F'1G. 67 

where OC =focal length of the photograph, and open the arms of the sector until the second 
point of the dividers coincides with ihe corresponding division D of the other arm of the sector 
(OD being equal to OC =focal length), now add the length d1' P, fig. 66 (horizontal distance of the 
platted point_d1 to the picture trace Jl 11 Hu' projected into vertical plane), to the focal length =f 
= OC, fig. G7, by placing one point of the dividers in O, when the other point may coincide with 

D 

A B 

f'IG.69 

the division A of the scale 00. Hold the sector unchanged, turn the dividers 
about the point A, and bring the second point to the graduation mark B of 
scale OD, B corresponding to A, or OB= OA; when AB will represent the 
height Hof the point d above the horizon plane of the station B, to be meas­
ured on the platting scale. 

(i) Iconometric detennination of elevations by means of the so-called ·,,scale of 
heights."-Another method consists in making use of the "scale of heights," fig. 
68. Make SP=f =focal length of the perspective, erect PA perpendicular to 
SP in P, and divide both lines into equal parts. Draw radials from S through 
the points of division on PA, aud through those of SP draw parallels to PA. 
Now, with a pair of dividers take from the photograph the distance from the 
pictured point to the horizon line (the ordinate of the pictured point corre-
sponding to P(d'b) = h, in fig. 66) and transfer it to PA from P = Pµ. The 
position of µ may be found to correspond to the line Sp, passing through the 
point 9 of the graduation on PA. 

With a pair of dividers take now (from the platting sheet) the vertical 
distance from the horizontal projection of the point to the picture trace ( = od, 
in fig. 66) and transfer it to the right or left of P according at1 the point of the 
plan falls beyond the picture trace or between the platted station and the pic­
ture trace. In fig. 68 it is shown as falling between the station and the picture 

trace into m. The line mB, drawn parallel with PA, is intersected by the radial S1-1 (corresponding 
to scale division mark 9) in M. The distance mM, measured on the platting scale, will be the 
height of the point above (or below) the station. 

A scale, fig. 69, is conveniently pinned somewhere, perpendicularly to a line AB, the division 
C of the scale, corresponding to AB, being the height of the camera station. One point of a pair 
of dividers with which the length AB was taken off the "sector," or with which the length null 
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was taken off the ''scale of heights," is set in O, fig. 69, and the division mark ]) of the scale, 
coinciding with the other point of the dividers, will indicate the height of the poittt above the 
plane of reference or datum plane. 

· This height is entered in pencil on the plan, inclosed in a smaJl circle, to distinguish it from 
the number of the station. It is checked by means of a second photograph, and when the 
discrepancy between the two values for the elevation of the point is within the permissible limits 
of error, their mean value is entered in red ink on the plan and all pencil figures are erased. 

Any marked difference in the value for the height of a point obtained from two photographs 
would indicate either that the two points selected on the photographs do not represent the same 
point of the terrene, or that an error in platting or in finding the height had been made. A third 
intersecting line from a third station would dispose of the first two alternatives, and a new 
measurement of the height will show whether an error had beel1 made, or whether the discrepancy 
is due to unavoidable errors. 

(j) The use of the so-called "photograph board."-The various constructions described in the 
preceding pages, if made directly on the platting sheet and on the photographs, would produce 
confusion in the iconometric platting, owing to the intricacy of the lines, and would obscure many 
details in the pictures. Captain 
Deville, therefore, has hada spe­
cial drawing board prepared on 
which as many of the construc­
tion lines are drawn, once for 
all, as would have to be repeated 
for the different prints of uni-
form size and which had been 
obtained with the same camera. 

This so-called "photograph 
board" is an ordinary drawing 
board, covered with tough 
drawing paper, the surface of 
which is to represent alterna­
tively either the picture plane 
or the principal plane (both 
revolved into the horizon 
plane). It is used in conjunc­
tion with the photographs or 
negatives. 

Two Jines, DD' and SS', fig. 
70, are drawn at right angles to 
each other. They represent the 
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FIG.70 

horizon and principal lines, while PD= PD'= PS' =f =focal length, so that D, D', S, and S' are 
the left, right, lower, and upper distance points, respectively. 

Tho photograph is placed iu the center of the board, the principal line coinciding with SS' and 
the horizon line with DD', in which position ( TYZO) it is secured to the board by means of 
small thumb tacks or pins. The four scales, forming the sides of the square OTYZ, serve, among 
other purposes, to locate Jines para1le1 either with SS' or DD' (without actua1ly drawing the 
parallels) on the photograph, the latter falling within the limits of the square OTYZ. At a 
suitable distance from the distance point ])1 a perpendicular QR is drawn, on which are marked 
hy means of a table of tangents the angles formed with DQ by lines drawn from D. This scale 
may be used for measuring the altitudes or azimuthal angles of points of the photograph, as will 
be explained in a separate paragraph later. 

From Sas a center with SP =f =focal length an arc of a circle PL is described and divided 
into equal parts. Through these points of division, and betwee'!l PL and PD', lines are drawn 
converging to S. ParallelH MN to the principal line are also drawn, as shown in fig. 70. All these 
lines are used in connection with the scale of degrees and minutes QR. 
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The studs of the "centro lineads" (to be mentioned later) are fixed in A, B, C, and E, the lines 
AB and OEjoining their centers, and those required for adjusting the centro lineads are drawn 
on the photograph board to be used as will be explained in a later paragraph.· The square FGKH 
is constructed on the four distance points S, S', D', and D. ' 

(k) Construction of the traces of a figure's plane.-If one wishes to use a perspective instrument 
for converting a figure-situated in an inclined plane of which the perspective (photograph) is 
given-into the projection of the figure, into horizontal plan, it will be necessary to locate the 
traces of the figure's plane on the principal and picture planes. 
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We may distinguish betwMn two cases that frequently arise in practical work. 
(1) The inclined plane, containing the. figure, may be given by the line of greatest slope, or, 
(2) The inclined plane may be given by three or more points. 
First case: The inclined plane containing the figure is given by its line of greatest slope; this 

may be an inclined road, the drainage line of a straight valley, the trend of a torrent, the surface 
of a live glacier, etc. 

This line of greatest slope may be represented 011 the pla11 by a line ab, fig. 71, the altitude of 
a being known. 

After the photograph has been pinned to the photograph board, the ground line XY is 
<lrawn, taking the horizontal plane through a as the ground plane. 

On the platting board aO is drawn through a perpendicular to the horizontal projection ab of 
the line of greatest. slope, and it is produced to its intersections L and 0 with the principal line 
S1p1 and with the picture trace X 1Y1. 
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On tlrn pl10tograph pE is made equal to p 1b; at E a perpendicular to XY is erected and 
produced to the intersection fJ with the pictured line of greatest slope. 

If we uow make pN(on the photograph) = p 1o (of the plan) and join Nj3 on the picture, the line 
Nj:J will represent the trace of the required plane (the figure's plane) on the picture plane. 

If pQ (on the photograph) is made equal to p 1L (of the plan) and Q joined with M, MQ will 
represent the trace of the required plane in the priucipal plane, revolved about SS' (on the pho­
tograph board) into the picture plane, the station S falling in D. 

Producing MQ to R, DR will represent the vertical distauce of the station S above the plane 
RM/J. 
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Second case: The inclined plane containing the figure is given by three points. 
Take for ground plane the horizontal plane containing one of the points a, fig. 72, and draw 

the ground line XY on the photograph. On the platting ~beet join a to the two remaining points, 
band c, and produce these lines ab and ac to the intersections E and F with the picture trace. 

On the photograph make p 1K equal to pE and draw KL perpendicular to XY. Join the 
perspectives a and fJ of the points shown in a and b on the plan and produce to the intersection 
with KL. Make p 1T equal to pF, draw TN perpendicular to XY, and produce to the inter­
section N with the line joining the perspectives a and y (of a and c). Join N and L, when NL 
will represent the trace of the required plane on the picture plane. 

Produce LN to 0 and· make pG =Pi O; join <t and G and make Pi Q =pH. The Iiue MQ will 
represent the trace of the required plane on the principal plane, revolved about SS' into the 
picture plane, the station S being uow in D. Here again DR is the vertical distance of station S 
above the plane containing the three given points a, b, and c. 
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(l) Oontouring.-After the heights of a sufficient number of points have been determined to 
give a good development of the terrene that is to be mapped, the contour lines are drawn in by 
interpolation between.the points of which the elevations had been established. 

In a moderately rolling country a limited number of points of known elevations will suffice 
to draw the contour lines with precision; but in a rocky region, where abrupt changes and irregular 
forms predominate, it is almost impossible to plat enough control points to enable the iconometric 
draftsman to render a faithful representation of the relief of the broken terrene, and it is 
here that a close study of the photographs will give the greatest assistance in modifying the 
courses of the contours to represent the characteristic features of the terrene. 

The value of photographic views for a correct or naturalistic delineation of the topography 
of a given area is generally acknowledged by experienced topographers, even when usi11g 
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instrumental methods alone for the control work, as a minute study of the pictured terrene (the 
photographs) will always aid the-draftsman (when inking the topographic sheet) to draw the 
contours (of which the main deflections had been located ·instrumentally) with a more natural and 
artistic reproduction of nature's forms than could be attained by mechanically inking the penciled 
lines as obtained solely by instrumental measurements. 

Instead of drawing the contour lines at once on the plan, the draftsman may begin by 
sketching them on the photographs, following the same rules for their location as if he were 
drawing them on the plan, for the image of every platted point is already marked on the photo­
graph and its elevation may be taken from the working plan. By following this course lie will be 
enabled to follow the inequalities of the surface very closely. Those perspectives of the contours 
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on the pictures will greatly facilitate their horizontal projections to be drawn upon the plan. 
They may also be transferred to the plan by means of the perspectograph or perspectometer if 
accuracy is to give place to rapidity. 

A sufficient number of tertiary points having been platted by intersections, there will be no 
difficulty in drawing the contour lines (by interpolation) between such points. It may happeu, 
however, that the number of the control points is too small and that the latter are too far apart 
to give a good definition of the terrene (as in a topographic reconnaissance), and then it will 
become necessary to resort to other (frequently less accurate) methods for locating the coutours 
on the plan. 

For example, the ridge a b c d of a mountain range appearing as a fJ y o on a photograph, 
fig. 73, may be divided by the contour planes by assuming it to be contained in a vertical plane. 
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On the plan, fig. 73, we produce the projection ad of the ridge to the intersection F with the 
picture trace X 1 Y1 and draw through the projection S, of the station S10 parallel to ad. 

The photograph having been pinned to the photograph board, take from the principal point 
Pon the horizon line J> V = p 10 and PG= p 1F. At G place the scale of equidistanccs perpendic­
ular to the horizon line, the division at G corresponding to the height of the station, and join 
the marks of the scale to the vanishing point Y. 

Having now the successive points of intersection of the ridge by the successive contour planes, 
their distances from the principal line SS'-their abscissm-are marked upon the edge of a strip 
of paper in the l:sual manner. 'rbe intersection of the radials from S, through the points marked 
on the paper strip with the projection a . . d of the ridge a . . y will give the intersections 
6f the contour lines. 
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Should the mountain have rounded forms and no well-defined ridge, the visible outline on the 
photograph may be assumed to be contained in a vertical plane perpendicular to the line of direc­
tion draw1\ to the middle of the ridge outline. 

The construction, fig. 74, is made by drawing the line of direction SJl1 to the middle of the 
ridge outline and S V perpendicular to SM. On the plan p 1 .11f1 is made = P1lf, and from the pro­
jection a of the summit a of the mountain a perpendicular ac to S1 11!1 is drawn, which will represent 
the horizontal projection (ac) of the pictured outline (ay); it is produced t-0 the intersection N 
with the picture trace X1 Y1• PQ is taken (on the photograph) equal top1N (on the plan), and the 
scale of equidistances is placed at Q perpendicular to the horizon hne DD'. The division mark at 
Q corresponds with the elevation of the station S, and the points of division corresponding with 
the contours are joined to Vand produced to their intersections with.the outline a . . y. The 
platti11g is done as in the preceding case, or the lines of direction drawn to the points of intersec­
tion of the outline ay by the contour planes may simply be platted and the contour lines on the 
plan may lie drawn tangent to these lines of direction. 

The horizon line, containing the perspectives of all points bavi11g the same elevation as the 
station, represents the perspec-
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the camera horizon is identical 
with a contour plane. The 
icouometric draftsman should 
pay particular attention to 
geologic forms and to the origin 
of topographic features, as with­
out such applied knowledge a 
correct interpretation of such 
forms and their cartographic 
representation would require 
the cartographic location of a 
vast number of control points 
to obtain a faithful represen­
tation of the terrene forms. 
Although the latter may often 
result from the successive or 
combined actions of many agen­
cies, they will yet have similar 
recurrent characteristic shapes 
when produced by the same 
causes, and the contours, being. 

the means for delineating the cartographic representation of tbe terrene sliaped by identical 
agencies, should also show a corresponding characteristic similarity. 

(m) The photograph protractor.-The angle includefl between the line of direction (to a point 
of a photograph) and the horizon, or the. principal 1)lane-the vertical or altitude and the hori· 
zontal or azimuth angle-is sometimes wanted. 

The horizontal angle may be obtainerl directly 011 the photograph lloard lly joining the station 
S, fig. 75, and the projection a (011 the horizon line) of the pictured point a. If required i11 arc 
measure, the distance Pa may be transferred to the principal line SS' from P =PG; ]) is joi11ed 
to G and produced to the scale of degree8 and minutes BC, where the graduation mark k indi­
cates the value of the horizontal angle in arc measure. 

When manysuchanglesaretollemeasured, thehorizontalscales TYand OZ, fig. 75, maybe divided 
into degrees and minutes by means of a table of tangents, using as radius the focal leugth SP. 

The altitude is the vertical angle at S of the right-angle triangle, having for sides Sa and a:Y. 
To construct it, take DF = Sa, draw FE parallel with and equal to aa, join D and E, and produce 
DE to the scale BO of degrees and minutes. 

This construction will be facilitated by the lines already drawn on the photograph board, 
fig. 70. With a pair of dividers take the distance (abscissa) from the pictured point a fo the 
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principal line 88 1
, fig. 75, and carry it from P, fig. 70, in the direction PD', and from the point so 

obtained take the distance to the arc ML, fig. 70, measuring in the direction of the radials marked 
on the board, which will represent the distance PF, fig. 75. Then, with the dividers, carry aa to 
FE, fig. 75, which is that ope of the parallel lines MN of fig. 70 that corresponds to the point F. 
The construction may now be completed in the manner already explained. 

A protractor may be constructeu to measure these angles directly by drawing lines on a 
transparent plate parallel with the principal liue-they contain points having identical azimuths­
and curves containing points of identical altitudes. 

The azimuthal lines may be found by platting the horizontal angles in S, fig. 70, and drawing 
lines parallel to the principal line SS' through the points ..,of intersection of the radials with the 
horizon line DD'. 

If we regard the horizon and principal lines as axes of coordinates and denote the altituue 
aa of a point a pictured as a, fig. 75, by h, the equation of the curve of altitude h may be written-

y2 = (x2 + P) tan2 h. 

This also is the equation of an hyperbola of which the principal and horizon lines are the 
transverse and conjugate axes, and of which the principal point is the center. 

One of the hyperbola's branches represents the points above the horizon, and the other 
branch the points of equal altitude below the horizon. The asymptotes are lines intersecting 
each other at the principal point, and including angles with the horizon line equal to Ji. This 
hyperbola represents the trace on the picture plane of' the 
cone of visual rays which include the angle h with the 
horizon plane. 

These hyperbolic curves of equal altitude may be 
obtained by computation, using the preceding formula and 
substituting different values for h, or they may be obtained H •;!­
graphically by platting a series of points for each curve 
by reversing the construction given above for finding the 
altitude of the pictured point 11, fig. 75. The angular dis­
tance between the lines representing points of equal azi­
muths (or those of equal altitudes) will depend upon the 
degree of precision required. 

The complete protractor is shown iu fig. 76. It may 
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be made .in the same manner as mentioned for the perspectometer by drawing it on paper on a large 
scale, reducing it by photography, a11d making a transparency by bleaching in bichloride of mercury. 

(4) Method of V. Legros for determining the position of the horizon line.-Commandant V. 
Legros recommends the use of these hyperbolas for locating the horizon line of a vertically 
exposed photographic plate: 

When a camera with the photographic plate adjusted in vertical plane is rotated horizontally 
in azimuth, the plate remaining vertical, any point a, fig. 76, will describe a hyperbola aa.' on the 
ground glass plate. The nearer the observed point a approaches the horizon hne the smaller the 
curvature of its hyperbolic trace on tl!e ground glass will become, and ·a point a0 which traverses 
the ground glass plate in a straight line HH' will have the same elevation as the second nodal 
point of the .camera lens. Its angle of elevation will be ::!: 0 or HH' will be the horizon line of 
the plate. To locate the horizon line experimentally in this way the ground glass plate is best 
provided with a series of equidistant horizontal and vertical lines, after the manner of Dr. Le 
Bon's ground glass plates. 

(5) Method of Prof. S. Finsterwalder for locating contours on the plan.-Prof. S. Finsterwalder's 
method for the iconometric location of horizontal contours is based upon the following considera-
tioo: . 

The pictured outline of a terrene form is regarded as the trace of the terrene surface in a 
plane vertical to the platting or ground plane and containing the pictured outline. This method 
is well adapted for the development of' the terrene forms of a moderately rolling country. 

Tue camera stations are specially seh•ctt•1l with reference to the use of this method, with a 
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view toward obtaining pictures with a sufficient number of such outlines of the terrene forms to 
enable the iconometric draftsman to give a good definition of the relief of the region to be 
platted. 

Tl.te pictured outlines of terrene forms may be regarded as falling within vertical planes: and 
the rays from tl.te point of view-second nodal point of camera lens-to the pictured points of 
such outline will form a cone with apex in the point of view, its base being formed by the pictured 
outline. 

Any 110rizoutal plane conta\ning a contour A will intersect such a cone of rays in a curve R, 
tl.te latter touchiug A in one point. 'fhis curve B may be platted on the working sheet by laying 
off, upon a few rays from the platted st.atio11 to points of the pictured outline, the distance: 

h cot /:J 

and the points thus located on the radials from the station point, if connected by a continuous line, 
will represent the curve B platted in horizontal plan. 

h=difference in elevation betwee11 the station (whence the picture was taken) and 
the horizontal contour A. 

f3=vertical angle to each point of the outline bisected by the vertical plane passing 
through its radial or visual ray. 

The direction of the pictured outline is now platted on the plan, and where it bisects the curve 
B will be a point of the contour A. .As we naturally would draw not only one curve B, but rather 
a series of them corresponding to several horizontal planes, passing through a series of contours 
A of various elevatio11s, the construction may ue simplified, inasmuch as the curves B-beiug lines 
of intersection of the same cone of rays with a 8eries of parallel (horizontal contour planes) planes­
will all be similar in shape, their corresponding points (points o_n the same radials) haviug the same 
relative positions with reference to the platted station, the val~e h cot f:J need 011ly be d~termined 
for 011e point of the other curves B if one curve B had been drawn, the others being parullel with 
the 1ir:st. 



CHAPTER IV. 

PHOTOGRAMM
0

ETERS. 

The practical 1,alue of a photogmmmeter (photographic surveying instrument) depends greatly 
upon the quality and general: uniformity of its lens or lenses, upon the rigidity of the component 
parts of the apparatus, its easy transportability, and on the rapidity with which it may be p1.1.t 
into adjustment. 

A ·good phototopographio lens should be free from spherical aberration (or diffusion of the 
light rays); it should possess no chromatic aberration, nor should the image show distortion of 
any kind, and the field of view (the range of lens) should be large, rapidity of the lens being 
desirable, but less important than the other requirements just mentioned. 

The principal lenses in usc for phototopographic purposes are: Dallmeye1·'s rapid rectilinear, 
Steinheil's aplanat, Bush's pantoscopic, Gorz's double anastigmat, and, more recently, Zeiss's anas­
tigmat lens. 

The nodal points, the focal length, arc of visibility, and the arc which is perfectly free from 
distortion of every kind should be known for every lens used for phototopographic purposes, 
and the manufacturers of all good lenses are best fitted to determine those values with great 
precision for every lens. 

I, REQUIREMENTS TO BE FULFILLED BY A TOPOGRAPHIC SURVEYING CAMERA, 

A good surveying camera or photogrammeter for topographic work should produce negatives 
which are geometrically true perspectives the elements of which should be known, and the follow­
ing desiderata should be fulfilled: 

First. The plates to be exposed i;;hould be adjustable into vertical plane. 
Second. The distance between image point and sensitive plate should be maintained unchanged 

for all plates. 
Third. This distance-the constant focal length-should be known or will have to be 

determined for every instrument. 
Fourth. Means should be provided to trace or locate the horizon line upon every negative or 

print. 
Fifth. Means should be provided for l~cating the principal point upon every negative. 
Sixth. A ready orientation of the photographs (the picture traces) for iconometric platting 

should be provided for; and we may add as 
Sevl>nth. Enough characteristic stations (besides the triangulation points needed for the 

instrumental control) are to be occupied with the surveying camera to give a full development of 
the terrene, which is to be mapped. 

Until recently photographic surveying instruments were not procurable in open market. 
Nearly every observer who made practical application of the photographic methods for topo­
graphic surveys had an apparatus constructed for his particular need and according to bis 
individual ideas. 

In the following we will describe such pbotogrammeters as may be regarded as special 
types, constructed to fulfill different requirements. 

II. OI~DlNARY OAl\IERAS ADAPTED FOR SURVEYING l'URPOSES~ 

These cameras are generally supported by three leveling screws, and they are provided with a 
circular level, or with two cross levels, for adjusting the sensitive plate into vertical plane. The 
distance between lens and sensitive plate (focal distance) may be made invariable by means of 
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two rods Sp, fig. 77 (Werner's apparatus, made by R. Lechner, of Vienna, in Austria), or by means 
of two arms Hand clamp screw 111., after the bellows had becu extended by aid of the pinion K 
and rack movement to that point indicated by the vernier n, fig. 78, as the iiroper focal leugth for 

FrG. 78 

infinite distance. The arraugemeut shown in fig. 78, represents the ar paratus of Dr. Vogel and 
Professor Doergens, made by Stegemanu, of Berlin, in Prussia. 

Dr. G. L e Bon also used a similarly modified camera for his arcl.J reological researches in India 
(undertaken under the .auspices of the French ministry of culture). 

Short brass points Jlf, fig. 79, serve to locate the horizon and principal lines on the negatives by 

F1G. 79 

protecting the sensitive plates against the action of those 
light rays wllich they intercept. In some instances those 
points Jlf may be brought into direct contact with the 
sensitive film s1U'face Qf the plate by turning a button, 

r1G. 80 

thus producing a sharp, well-defined image of the outlines of the teeth on the negative. 
The use of such modified cameras should not be extended beyond preliminary work; for 

extensive use tbe results will not be sufficiently uniform and accurate. 
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CANADIAN (E. DEVILLE 'S) SURVEYING CAMERA. 
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CANADIAN ( E. DEVILLE'S l SURVE~' ING CAMER A- VERTICAL POSITION. 
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III. SPECIAL SURVEYING CAMERAS WITH CONSTANT FOO.AL LENGTHS. 

(1) D1·. A . Jlfeyclenbaiir's su1·veying camera.-Among the numerous patterns of this class of 
instruments Dr. l\foyden banr's is probably the earliest form. Fig. 80 shows Meydenba1.ir's new, small­
sized magazine camera. The plates are successively pressed against a metal frame secured at a 
constant distance from the lens. After an exposure ti.le plate is dropped into a, leather sack b, fig. 
81, attached to the camera. The dimensions of the camera box are 9 by 12 centimetres, it weighs 
750 grammes, and it is mounted on a rod which i::i joined at its lower end to three short legs in 
such a way that the four pieces may be folded together to form a stout cane 0·85 metre long. The 
lower ends of the three legs of this tripod, and the upper end of the supporting rod are con­
nected by twisted violin strings to which tension may be given by turning the ratchet wheels 
indicated in fig . 81. The leather pouch, together with twelve plates, weigh about 500 grammes. 

The sensitive plate may be adjusted into vertical plane by means of a ball and socket connec-
' . 

H H 
H H 

L 

G 

r 1G. 8S 

tion between the camera and upper end of the tripod rod, together with the circula1· level L, shown 
on t he upper face of the camera bo :;_ in fig. 81. 

(2) E . Devillc's new survey·ing oumcra.-Tbe following description of the new Oauadian survey­
ing camera· is taken from Deville's Photographic Sii1·veying, Ottawa, l 895. This camera is shown in 
figs . 82 and 83. Figs. 84 and 85 represent sections of the instrument. 

The camera proper is a rectangular metal box AB (figs. 84 and 85) open at one end. It carries 
the lens L and two sets of cross-levels 00, which may be observed through openings iu the outer 
mahogany box. The metal box is supported by wooden blocks and a frame FF, held in position 
by two bolts DD. 

The plate holcler is made for single plates; it is inserted into the carrier EE, which may lie 
moved forward and backward by turning the screw G.· 

A folding shacle HH, hooked to the front of tlle camera, and diaphragms KK, inside of the 
metal box, intercept all light that does not contribute to the formation of the image on the photo · 
graphic })late. 
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The camera rests on a metal triangular base, fig. 86, with three-foot screws, exactly like the uasc 
of the transit which is usecl in conjunction with Deville's camera, so that either camera or transit 
may be placed on the same tripod at any time. The camera may be ~et up with the longer side 
either horizontal or vertical, figs. 82 aud &1. Both transit and tripod are carried by the surveyor, 
while one camera with one dozen plates (in the single plate holders), without a tripod, are taken 
by one of the men who always accompany the surveyor. The assistant surveyor has a secoud 
camera, with 12 plates and a separate tripod. 

The legs of these tripods, when folded together, are 20 inches long and are placed under 

FIG.86 

the box of the transit, in a separate sole-leather case, to be carried 
on the back of the surveyor. The tripod of the assistant surveyor's 
camera is similarly attached to the sole-leather case of his camera. 

The lens of this camera is a Zeiss anastigmat, No. 3 of series V, 
focal length = 14:1 millimetres with a deep-orauge color screen in 
front. 

Having set the camera up on the tripod, the plate-holder carrier 
Eis moved back as far as it will go by turning the screw G~ the 
plate holder is inserted through the opening JlfE, the slide is with­
drawn, and the carrier is moved forward by revolving the screw 
G, until the plate is in contact with the back of the metal box AR. 
In order to secure a perfect contact, the carrier has a ~ertain amount 
of free motion. The camera should now be turne& in the proper 

direction; the field embraced by the plate is indicated by lines drawn on the outside of the mahogany 
box. The camera is now carefully leveled, the exposure made, and the plate holder withdrawn 
(after the slide had been inserted) by repeating the same operations, however, in the inverse order. 

The levels GO are rigidly attached to the metal camera box without any means of adjustment. 
They are, however, very nearly adjusted by 
the maker. For this purpose he takes the c o 4 a l'Z. ) 

metal box out of the maliogany casing and I I I I I I I 
places it on a piece of plate glass which had I I I I 1 I 
been leveled like an artificial horizon. By ---------------------
filing down one end or the other of the level's 
outer case be bi:ings each bubble very nearly 

F1G. 87 

into the middle of its tube. These tubes have continuous numbers on the graduation marks. as 
illustrated in fig. 87. 

Accompanying ~ach camera is a piece of plate glass,:! inch thick and 11 inches long, which can 
be inserted into the carrier in place of the plate holder. That end of the plate glass which pr~jects 
outside of the camera when it is thus inserted is coated on the back with a varnish of gum guaia-. 

cum (dissolved in alcohol) to which some lampblack has 
been added. This coating has very nearly the same re­
fractive index as glass, precluding all reflections from the 
back of the plate glass. 

When the camera is received from the maker the exact 
rea<ling.~ of the levels, GO, when the back of the metal box 
(against which the photographic plate is pressed) is verti­
cal, should be ascertained. To do this the bolts P, fig. 85, 
next to the opening JI, are unscrewed and removed. Q may 

then slide backwards and be taken out. The piece of coated plate ghiss is now mserted into the car-
rier E, figs. 8.t all(l 8.J, aud pressed into contact with the metal box by revolving the screw G. The 
camera is placed on its tripod and leveled. Immediately in front and at the same l1eight as the 
camera a transit (or a leveling instrument) T, fig. 88, is set up, and, after carefully adjusting it, a 
distant but well-defined point P is selected on the same level with the transit and camera. The 
intersection of the threads of the telescope is brought to coincide with I', and the telescope is 
clamped in this position to the vertical circle. 'rnrning it in azimuth the image of P, reflected 
by the plate glass, should apvear at the intersection of the telescope's threads. If it does, the 
face of the plate glass is vertical and the position of the bubble in the tube of the level, directed 
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at right angles to the plate glass, is the correct one for adjusting the instrument in the future. If 
it does not, the camera must be tilted forward or backward by means of the foot screws until 
coincidence is established. 'fhe bubble of the level may or may not now be in the middle of the 
tube, but its position, whatever it is, will be the correct one for the future when adjusting the 
camera at any stii-tion. This level reading should therefore be recorded, and whenever the camera 
is to be leveled in its subsequent use it must he remembered that the bubble is to be given tlie 
same position. 

This level reading determination is to be made for the two positions of the camera in which 
it is used, figs. 82 and 83, horizontal and vertical. 

The next step is to locate the position of the principal point on the vertical photographic plate, 
and to determine the length of the distance line or the constant focal length. 

Select a station so that a number of distant and well-defined points may be found on the 
horizon line, as laid down by the maker of the camera. The view selected may be the distant 
sl1ore of a lake, a large building, or a row of buildings. Set up the tripod and adjust the transit. 
Find two points E and F, fig. 89, on the horizon line (with a zenith distance of 90°) that both come 
within the field of the camera, when set horizontal, both points being near the edges of the plate. 
Measure the angle w between them. 

Find two other points G and H, also on the horizon line, and such a di£:tance apart that they 
both come within the field of the camera when the same is vertical, fig. 83. Now replace the 

,... K 
8 

transit by the camera in tlie horizontal position, 
.---------,,--r'-'-1-1------., fig. 82, turn it in azimuth to take in E and F, 

f 

------'!Tl.-----

E 

c L 0 

level carefully and expose a, plate. 
Set the camera in the vertical position, fig. 

83, turn it so that it takes in the observed points 

E p f 
a b 

s r1c;.9o 

G and H, level carefully and expose another plate. The first plate, after development, will show 
the two points E and }I' on a line very nearly parallel t.o the edges AB and OD, fig: 89, of the metnl 
box. The principal point, of course, will be on this line. Out this line into the film with a fine 
needle point and straightedge. 
· The second plate, exposed in the vertical position, after development gives another horizon 
line GH, fig. 89, which may be transferred to the first plate by means of the distances AK, and 
OL to the corners of the metal box. This (principal) line is likewise cut through the film with 
a fine needle point and straightedge, the principal point P is at the intersection of both lines 
RI!' and GH. 

'fhe length of the distance line, SP= f, fig. 90, may be computed from the observed horizontal 
angle w, included between SE and SF, and from the distances EP =a and PF= b, measured on 
the negative. 

Let S, fig. 90, be the second nodal point of the camera lens, tf and j3 the angles ESP and PSF. 

a+ (J = w. 

The lengths of a a.nd b are known and if we designate the focal length SP by J, we will have: 

t a an a= J 

tan fi = b . 
.I 

tan a X tan jJ = j.~ 
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~+~ 
tan (a + (J) = tau c.1 = L _[ , or: 

1- ab 
Ji 

f2 = a_±_h.f-ab = 0 
tan w 

after resolving this quadratic equation we find: 

f =a+ b + I (a+ b)Z--b 
2 tan w '1 4 tan2 cu + a 

Having found the focal length and the principal point, reference marks are to be made on the 
edges of the metal box to indicate the horizon line, the principal line, and the focal length 011 the 
negatives, or on the enlargements made from the latter. · 

Measure the distance m, fig. 89, from P to AO. From the corresponding corners A and o, 
fig. 91, of the metal box, lay off m on AR and OT. With a very fine and sharp file held in the 
direction of the lens, cut into tlJe edge of the metal a clean and sharp notch at T and another at R. 

Repeat the same operation at the corners A and B, fig. 91, with the distance n from P to AB, 
fig. 89. 

The lines OQ and RT will be the horizon and principal lines of the negatives when the camera 
is leveled to bring the bubble into its p,roper position, as has been mentioned in the foregoing. 

From R and T, fig. 91, lay off the distances Rr, Rr', Tt, Tt' = {= one·half of the constant 

focal length. 

From 0 and Q measure Oo, 001
, Qq, Qq' = {=one-fourth of the focal length, and at each one 

of these points make a notch with the file held in the direction of the lens. 
Every photograph will now show twelve triangular projections into the dark border of the 
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photograph. Four of these projections serve to fix the horizon and principal lines; the remaining 
eight give the focal length value. 

It now remains necessary to find the correct readings of the transverse levels (those placed 
parallel with the sensitive plate), when the horizon and principal lines pass exactly through their 
notches of the metal box. 

Again set up the camera facing the same distant view as before, but in adjusting it bring the 
bubble of the transverse level near one end of the tube, note the level reading and expose a plate. 
After development it will give an horizon line EF, fig. 92, cutting the border of the negative in A 
and Bat some distance from the pictured notches 0 and Q. Now change the adjustment of the 
camera by bringing the bubble of the transverse level to tlie other end of the tube, note the level · 
reading and expose another plate. This will give another horizon line E' F', cutting tlie border of 
the negative in 0 ancl D. 



REPORT FOH 1897-PART II. APPENDIX NO. 10. 705 

Great care should be exercised in both cases to maintain the other level (the one at right 
angles to the sensitive plate) at its proper reading in order to expose both plates in vertical plan. 

After measuring 00 and OA or BQ and QD, a simple proportion will give the proper reading 
of the transverse level, which will bring the horizon line of the vertically exposed plate through 
the two notches 0 and Q of the metal box. 

The correct.reading of the other transverse level is found by the same method, with the camera 
in the vertical position, fig. 83. 

All these operations must be executed with great care and precision, and with the help of a 
microscope of moderate power, as the subsequent iconometric platting of pictured points is based 
upon the determination of the ordinates and abscissre of such points on the photographs, with 
reference to the principal and horizon lines, as a system of rectangular coordinates. 

It had been assumed that the levels were placed very nearly in correct adjustment by the 
maker, as previously mentioned. If found too much out, they should of course be first approxi­
mately adjusted by setting the metal box on a leveled plate. For this purpose the plate glass sent 
out with every instrument is set on the camera base and leveled like an artificial horizon. 

(3) Use of the instruments comprised in the Oanadian phototopographic outjit.-The instruments 
and tripod being made as light as possible, steadiness is secured by a net suspended betw'eeu the 
tripod legs in which a heavy stone is placed. With this device better photographs and more pre­
cise observations itre obtained, and there is no risk of the instruments (resting upon the tripod) 
being blown over during one of the sudden and strong gusts of wind so frequently encountered 
on elevated peaks in the mountains. · 

After having arrived at a triangulation station, the surveyor adjusts the transit and observes 
the azimuth and zenith distances of all signals marking the triangulation and camera stations 
that may be visible from his position. If accompanied by his assistant, each reads one vernier 
and both enter the readings in record books. After completion of the observations they compare 
notes. Any discrepancy that may be discovered in the recorded data is corrected on the spot. 

The camera is carried in a sole-leatlier case containing also twelve fl.lied plate holders. When 
more plates are needed they (with the necessary holders) must be carried in a separate receptacle. 
Taking the camera out of the cltse, the leveling base, fig. 86, is screwed to it, and the camera is 
then placed upon the tripod, from which the transit had been removed, without disturbing the 
position of the tripod; the shade or hood is now unfolded and attached to the hooks at the 
front of the camera, fig. 82. A plate holder is inserted into the carrier, and its number is recorded 
upon a rough o.utline sketch of the view commanded by the field of the camera image, entering 
also such notes as may be of value for the development of the plate and for the iconometric plat­
ting of the topography recorded upon it (by the action of the light). Having made sure that the 
cap is on the lens, the slide is withdrawn from the plate holder and the plate is brought into 
contact with the frame of the metal box by turning the screw G, figs. 84 and 85, devised for this 
purpose. The surveyor now turns the camera in azimuth until. the lines on the upper face of tile 
wooden c.asing show that it is properly directed or oriented to include the panorama section to be 
photographed between the lines, the field of view coinciding with the outline sketch bearing the 
number of the plate holder in the camera. Sighting along the oonvergiug lines, shown oii the 
side.face of the wooden camera casing, he can assure himself whether the view on the image plu.te 
reaches high or low enough. If it does not, he will put the longer dimension of the camera 
upright, unless the camera was already in that position. He levels carefully, in the manner pre­
viously described, and exposes the plate. Whenever the sun shines inside of the front hood it 
should be shaded off during the exposure of the plate by holding something above the hood. 
Under no circumstances should the sun be permitted to shine upon the lens. 

Every evening, after returning to the survey camp, the surveyor replaces the exposed plates 
in his dark tent by new ones, using a ruby-colored light. He also marks the exposed plates in 
one corner, before removal from the holder, with his initials, the number of the dozen and of the 
plate (the same number a.s given to the corresponding outline sketch), using a soft lead pencil for 
this purpose; e.g., IV, 5, means· plate No. 5 of the fourth dozen, or the forty-first plate. The 
exposed plates are now placed into a double tin box, fig. 93, which can be closed hermetically, and 
which will float when filled with two dozen plates, should the same be accidentally thrown into 
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water. These boxes are shipped to the head office in Ottawa, where the plates are developed by 
a specialist. 

The data obtained with the aid of the transit for triangulation purposes are recorded in the 
field book in the usual manner, as customary for such work. 

The horizontal angles observed with the transit (or altazimuth instrument) to the points of 
the terrene marked on the outline sketch which accompanies each negative, serve not only for the 
orientation of the horizontal projection of the plate on the plan (the so-called "picture trace"), 
but they also serve to counteract in a measure and to ascertain the distortion of the paper prints 
(or photographic enlargements). The vertical angles, together with the platted distauces, are 
used to check and verify the position of the horizon line on the different photographs. 

The most important camera stations are occupied by the surveyor; the secondary stations by 

F"tG.93 
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the assistant surveyor, with his own camera. No trigono­
metric observations are made by the assistant while occupy­
ing the secondary stations . 

.A.11 views are taken with the same stop: f/36. 
(4) The United States Coast and Geodetic Survey camera.­

The original type of the Coast and Geodetic Survey camera, 
used in connection with the Alaskan boundary survey, was 
similar in form to Deville's original camera, except that it 
had a special tripod with ball and socket adjustment and 
that the teeth which serve to mark the principal and horizon 
lines on the negative could be turned by revolving one button 
to be pressed into contact with the photographic plate. 

This camera was also provided with a ground glass, 
enabling the surveyor to inspect the entire field controlled by 
each plate before exposure, and giving ready means for test­
iug the positions of the teeth which mark the horizon line. 

The camera itself was a plain rectangular box made of 
A.IR SPACE. well-seasoned mahogany 6~ 'by 5~ by 9!- inches in size, and it 

was used always in the same position, with the short faces 
verlical. The bamboo tripod legs were composed of three pieces, each 16 inches long, and screwed 
together a.t the joints. When dismembered the tripod was carried in a sole-leather packing case 
together with the camera, twelve plates (in six double plate holdel's), notebook, barometer, ther­
mometer, yellow color screen, etc. 

The new phototopographic camera of the Coast and Geodetic Survey is a phototheodolite, 
resembling Colonel Laussedat's latest pattern which will ~e described in the following pages. 

IV. SURVEYING CAMERAS OOMllINED WITH GEODE'.rIO INSTRUMENTS. 

(Phototheodolites, photographic 1ilane tables, etc.) 

The data acquired in the field with photogrammeters of the class just described had to be 
supplemented with observations made in the field with some geodetic instrument (transit, plane 
table, etc.) in order to obtain complete topographic surveys of the regions traversed by the photo­
topographic surveying party. 

'fhe idea of combining surveying instruments with a photographic camera into single compact 
and serviceable instruments originated very early with phototopographic workers, and l'efined 
phototheodolites and photographic plane tables are to this day the favorite phototopograpbic 
iustruments in Europe, whence they are also exported to other countries. 

These more or less complicated instruments have been devised to seeure great precision in the 
work undertaken with them, aud refined methods are employed for the field observatious, for the 
culling of data from the photographic perspeetives, and for the computations made in the office to 
increase the general precision of data derived from the operations executed in the field. 

Generally speaking, the best results for topographic purposes are obtained by means of 
photography, if we bear in mind that phototopography essentially and primarily is a constructive 
and graphic art, based upon graphic or pictorial records ( wllich are nothing more than central 
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projections in-vertical plan of objects and their dimensions, that are to be transposed graphically 
into orthogonal projections into horizontal plan). Instrumental observations being required only 
to furnish such elements as may be needed to make the graphic transpositions (iconometric platting 
in a reduced scale) of the lines of directions and distances, and also to obtain checks or a proper 
control for the work in its entirety. 

Photographic surveys have been conducted principally in regions where other surveying 

methods are either precluded or where their application would entail great cost and consume too 
much time, and such regions are characterized chiefly by a rugged and broken topography. 

The necessity, therefore, lies close at band to devise instruments that will not readily get out 
of adjustment or drop to pieces when transported over rugged mountain trails, and the more 
simplified their structural composition the more available will they become for the production of 
rapid and accurate work. · 

It is at once evident that the combination of a camera and a surveying instrument into a well­
united, well-balanced, easily manipulated, and essentially light ancl withal rigid instrument is not 
easily accomplished. It is not surprising therefore, when searching the published descriptions of 
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phototheodolites and other photogrammeters, to come upon a great number of types in which the 
many difficulties have been overcome, more or less successfully, by various devices. 

We may find: A large-sized theodolite with a small camera, placed centrally between the v 
supports, after .removal of the telescope from the latter, both being interchangeable; 

A large camera mounted upon the horizontal circle with a telescop·e and vertical circle attached 
eccentrically (at either side of the camera); 

.A large centrically located camera, the lens of which serves at the same time as objective of 
the telescope, the correspond­
ing eyepiece being at the cen­
ter of the frame that ordinarily 
supports the ground glass 
plate (in this form the camera 
itself is the telescope); 

Instruments where the 
board of the plane table has 
been replaced by a surveying 
camera, the upper face of 
which receives and supports 
.the plane-table sheet and 
plane-table alidade; also var­
ious other combinations (some 
with compass attacliments). 

This class of instruments 
has been in use for large scale 
surveys and where the in~tru­
mental outfit could readily be 
brought very near the stations 
to be occupied by convenient 
means of transportation, the 
instruments rarely being sub­
jected to such primitive and 
rough methods of transporta­
tion over long distances, as it 
generally has been the case on 
our continent when surveying 
cameras have been used. 

(1) The new Italian photo­
theod o lite, devised by L. P. 
Paganini. - Paganini's· model 
of 1884 has been described in 
.Appendix: No. 3, United States 
Coast and Geodetic Survey 
Report for 1893. 

The following description 
of Paganini's new phototheod­

olite, model of 1890, has been extracted from L. P. Paganini's "Nnovi appunti di fototopografia," 
Roma, 189!: 

The general form and the dimensions of the camera box: of Paganini's new phototheodolite 
remain about the same as with the older model, the principal change resting in the omission of 
the eccentric telescope which has been replaced by the centrally mounted camera, which ,may, at 
will of the observer, be converted into a telescope. 

The telescopes which we generally find attached to surveying instruments consist of a tube, 
slightly conical in shape, having a positive lens or a system of convergent lenses at one· end (the 
"objective") which produce within the telescope a· real and inverted image-the same as the 
camera lenS-of any object toward which the lens may be directed. The other, smaller end of 
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the telescope tube, has a still smaller tube inserted into it which may be moved in the direction 
of the axis of the tube. This second tube also contains a system of convergent lenses-so-called 
"ocular lens" or "eyepiece" of the telescope-which serve to project an enlargement of the 
image in the telescope upon the retina of the observer's eye. In the image plane of the objective 
(within the telescope), is the so-called diaphragm-a ring-shaped metal disk-to one side of which 
a pair of cross hairs-spider webs, cocoon threads, or lines cut into a 'thin piece of plate glass-is 
attached in such a way that the hairs fall within the image plane. One hair is vertical and the 
other horizontal, their point of intersection coincid-
ing with the optical axis of the telescope. 

The old camera was provided with the objective, 
and a corresponding eyepiece had only to be added 
to convert the camera into a surveying telescope. 
In the instrument under consideration the eyepiece 
consists of a positive lens set, known in optics as 
"Ramsden's ocular lens." The inner wall surfaces 
of the camera box should be well blackened to avoid 
any side reflection and a consequent dimness in the 
appearance of the cross wires. 

The camera proper consists of two parts, a trun­
cated pyramid A, figs. 94 to 98, and a cylindrical 
attachment B, into which the tube t is inserted. 
A second tube within the cylinder t may be 
moved in the direction of the optical axis by means 
of a screw, the threads of which have a rise of one 
millimetre. By revolviug the inner tube the lens is 
brought nearer to or farther from the image plane, 
the lens remaining parallel with the image plane at 
any position that may thus be given to the lens. 

A scale a., figs. 94 and 98, graduated to millime­
tres, is permanently attached to the tube t and it lies 
very close to the ring n, the circumference of which 
is divided into ten equal parts. (This graduated 
ring n is soldered upon the cylinder u containing the 
camera lens.) This scale a (extending in a direction 
parallel to the optical axis of the lens) has a mark, 
coinciding with the index rim of the ring n, thus 
indicatiug the focal length of the camera lens when 
focused upon objects at infinite distance. The milli­
metre graduation of' the scale a, extending from the 
zero mark in the direction toward the ground· glass 
serves to ascertain the focal lengths for objects 
nearer the camera station. 'rhe circumferential 
graduation on the ring n serves to read one-tenth 
of one revolution of the tube 1l, which is equal to 
au axial motion of the lens of O·l millimetre, hence 
the focal 'length for any object focused upon may 
be read to single millimetres on the scale a and to 
tenths of a millimetre on the graduated ring n. 

'rhe construction of this phototheodolite is 
such that the optical axis of the camera lens is 

0===0=== 0 ===0===7! 

0 

0 

Fic..96 

always at right angles to the picture plane-the ground-glass surface or the sensitive film of the 
photographic plate. The intersection of the optic<tl axis and the picture plane, the principal 
point, is marked by the intersection P, fig. 97, of the two very fine platinum wires 0 0' and ff', 
one horizontal and the other vertical when the instrument is in adjustment. These wires are 
stretched across the back of the camera box as close as possible to the picture plane. The 
buttons b, figs. 94 and 95, serve to give tension to the wires. The wire O 0' corresponds to the 
horizon line and the vertical wire ff' corresponds to the principal line of the perspective repre-
sented by the image on the ground-glass plate. · 
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Fig. 96 shows the rear view of this instrument, the ground glass having been replaced by an 
opaque plate, strengthened by a metal frame and ribs, which supports the Ramsden eyepiece in 
the center, its optical axis coinciding with that of the camera lens. The cross wires 0 0', ff', at 
the rear of the camera, serve also for the astronomical telescope into which the camera may be 
converted by attaching the opaque plate with central eyepiece as shown in fig. !l6. 'l'he fitting of 
this eyepiece allows for axial motion to adjust its position to avoid parallax. 

The rear opaque plate and the other sides of the camera uox 
are made of cardboard (impregnated with chemicals to render it 
impervious to moisture), and they are stiffened by frames and ribs 
of metal as illustrated in :figs. 94 and 96. 

0 

The cylindrical part B, figs. 94, 95, and 97, is inclosed by a solid 
metal collar a, which is held in position within the metal ring l l' 
by four screws R, R', S, 81

• This ring l l' is connected with the 
frame g g' by meaus of two arms lg and l' g', all being cast into one 
piece. The frame g g' has pivots q attached to it which form the 
horizontal axis of rotation for the camera. 

This instrument is provided with a vertical circle, .fig. 94, hori­
zontal circle H, figs. 94, 

FIG.97 

95, and 98, verniers, 
reading microscopes, 
levels L, :figs. 94 and 
96, clamps, and slow-

motion screws, forming a complete transit with cen- 'n.Ji:5E~~lf" 
trally mounted "carnera~telescope." 

Fig. 98 represents a vertical section of this in­
strument. The scale a, already described, is here 
placed on top of the tube u to illustrate its function n 
better. yy = uprights, supporting the horizontal 
axis of rotation of the "camera·telescope.'' h = ali­
dade supplied with verniers. H = lower limb or 
horizontal circle bearing the graduation; it is sup­
ported on the tripod head T by three leveling screws 
lV. a = casing for conical center. q' = central 
clamp-screw, firmly uniting T and H (it guards 
against an accidental falling off of the instrument 
from the tripod); it screws into a ball which is sup­
ported by the hemispherical socket w of the lower 
part of a. 

The horizontal circle has a diameter of 10·5 cen­
timetres. It is graduated into thirty minutes, and its 
verniers read to single minutes. 

The photographic plates are 18 by 24 centimetres, 
the same size as for the 1884 model camera. 

The objective lens was an aplanat of Steinheil of 
237·7 millimetres focal length. More recently, how­
ever, the Italian phototheodolites have been provided 
with anastigmats of Zeiss. 

The column E, figs. 94, 95, 96, and 98, forming a 
prolongation of the lower arm l' g', is held in place 
by two counter screws m and rn', fig. 96, which serve 

F1C..S8 

A 0 p 

to hold the horizontal axis of rotation of the camera in a fixed position, avoi<ling accidental changes 
during tlf e execution of a set of panorama pictures. 

After unscrewing the nuts d', fig. 98, the tripod legs may be removed. They serve as 
"alpenstocks" when the instrument is being transported from station to station. The camera­
telescope is lifted out of the wyes arnl packed in a separate case; the lower part of the instrument 
is packed in another case, and the plate holders aud plates are transported in a third case. 
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(2) Photogrammetric theodolite of Prof. S. Finsterwalder.-This phototheodolite (manufac­
tured by Max Ott (A. Ott), of Kempten, in Bavaria) was devised by Dr. Finsterwalder after 
many years of practical work and experience incidental to his Alpine surveys and studies of 
glacial motion. This experience taught him the desirability of producing a camera compactly 
built, rigidly constructed in all its parts, and yet having a minimum of weight. To avoid the 
extra weight when transporting a separate theodolite (with thA surveying camera) for the trigono­
metric location of the stations occupied with the camera, he provided the surveying camera with 
the means for observing horizontal and vertical angles. 

Professor Finsterwalder's phototheodolite is illustrated in fig. 99. The entire outfit weighs 10 
kilogrammes, winch weight ~s distributed as follows:. 

Kilogrammes. 
Tim instrnment per se ....................... 2·7 
Carrying case for same ...................... 2·4 
The tripod ................................. 1·7 
One dozen leather plate holclors, including 

tho twelve plates ......................... 2·5 
Packing caso for tho latter .................. 0·7 

Professor Finsterwalder has used a double ana· 
stigmat of Gorz and later an anastigmat of Zeiss, with 
a constant focal length of !JO millimetres. With this 
focus the leus will photograph perspectively correct a 
plate of 160 by 200 millimetres. The plates have a size 
of 120 by 160 millimetres and they command an effect­
ive horizontal field of [>3°, enabling the observer to 
cover the complete panorama with seven plates. 

For the central or normal position of the objective 
the camera commands an effective vertical field of± 200. 
This range would often be insuflicient, particularly 
when photographing mountainous terrene of an alpine 
character, therefore it was deemed advisable to mount 
the objective on a slide, which will permit a consider· 
able cbauge in the vertical sense. Owing to this de­
vice, objects subtending an angle of depression of 35°, 
together with others subtending an angle _of elevation 
of 5°, may still be photographed on the. same plate, 
giving a vertical control of 400 in all. 

In extreme cases, when it should become desirable 
to photograph objects subtending angles of + 350 and 
of - 350, or 70° in all, Professor Finsterwalder recom­
mends the exposure of two pla.tes in succession, com­
manding the same (identical) horizontal angle, exposing 
one with the maximum elevation of the objective slide 
and the other with the maximum depression of tl1e lens. 
Thus, inclined pictures are not only avoided, but the 
em~ctive surface of tl1e plate is utilized to the best 
advantage, and the weight of glass to be carried is 
reduced to the minimum. 

In order to obtain uniformly accurate results with 
the relatively short focal length (maintaining a constant 
distance between the lens and the sensitive surface of 

B 

h 

the plates), the plates are not inserted into plate holders (where the variable thickness of the glass 
would affect the so-called "constant focal length"), but they are pressed directly against a metal 
frame, which forms the back of the camera box, very similar to the arrangement described for Cap­
tain Deville's (Canadian) camera. To do this, use has been made of Dr. Neuhauss's leather plate 
holders, formed like a sack B, fig. 99. The inner edges of the metal frame are graduated in order 
to locate the principal and horizon lines upon tho negatives. 
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These leather sacks have metal slat arrangements, and the transfer of the plate from the sack 
to the camera is made by hooking the sack with its mouth to the upper edge of the rear camera 
side. While holding the bag in a vertical position the slats are opened and the plate is allowed · 
to slide from the sack m to the carrier to be exposed. 

Springs are provided at the back of the camera box to check against a sudden dropping of 
the plate into the metal carrier, to avoid a breaking or cracking of the plate by striking the closed 
lower metal slide of the plate carrier too hard. These springs also serve to press the plate, wh® 
in position for exposure in the carrier, into perfect contact with the graduated metal frame at the 
back of the camera box. 

By withdrawing the upper curved ha~dle, fig. 99, at the back of the camera, the tension of 
the springs may be reduced and the plate glides into position to be exposed. After exposure the 
lower slide is withdrawn and the plate will slip into the empty sack B, which had been hooked to 
the lower edge of the camera back for this purpose, as illustrated in fig. 99. 

The eccentricity of the center of gravity, by applying the weight of the sack and plate to one 
.side of the camera, does not affect the adjustments of the instrument sufficiently to throw the 
photographic plate out of the vertical plane in which the exposure should be made. This camera 
theodolite is accurately balanced when no sack is attached, in which form it is used to measure 
the angles that may be needed to locate the camera station (geographically, and aiso in the 
vertical sense) with reference to surrounding trigonometric signals. 

In order to convert this camera into a theodolite (with centrally located telescope), the back 
of the camera is provided with a telescopic eyepiece E, of a magnifying power of from 7 to 8. 
This eyepiece is adjusted to form a surveying telescope with the camera lens 0 as objective. It 
is provided with cross wires or webs, and a shutter affords the means to shut out the light when 
the instrument is used for photographing. 

The camera lens (objective of "camera telescope") being movable in the vertical sense within 
a range of 100 millimetres, all objects falling within a range of :I: 17° may be bisected with tbis 
telescope. The definition of points to be bisected, when above or below the camera h<:>rizon, 
would be very poor if the eyepiece E were rigidly fixed in the horizontal position, but by means 
of the metal arms NN the eyepiece may be revolved about a horizont9l axis in such a way that it 
will always be directed to the center of the camera lens. 

With the double anastigmat of Gorz, which produces a perfectly fl.at picture (with neither 
spherical, chromatic, nor astigmatic aberration or distortion), a change in the focus of the eyepiece 
will rarely be required. 

Horizontal angles may be observed directly by means of a horizontal circle of 120 millimetres 
diameter, which is provided with two verniers reading to single minutes. .A series of experimen­
tal tests has proven that horizontal angles observed between points of considerable difference in 
altitude may be obtained within a limit of error of 0·4'. This instrument, therefore, gives results 
1mfficiently accurate to locate the camera station trigonometrically with reference to surrounding 
fixed points of known positions, if they are not too far distant to be defined with this low-power 
telescope. 

Vertical angles, however, can not be obtained dire'ctly. Still, by means of a scale and vernier 
attached to the camera-lens slide (or front boartl) the cl1ange of the camera lens from its central 
or normal position (that is, a value directly proportional to the tangent o'f the vertical angle) may 
be read to 0·05 millimetre. The slide motion of the front board is accomplished with a rack and 
pinion, and experience has proven that the observations may be obtained within a limit of error 
(converted into arc measure) of 1 minute. 

The three rods, designated by h in fig. 99, are each 100 millimetres long. They serve to 
. elevate the instrument support and the three leveling screws S sufficiently high above the tripod 

to allow full play for the leather plate holders B, when they are placed in position to rec~ive the 
exposed plate, The tripod legs may be folded together to one-half their length. 

No ground-glass plate being provided, a special finder has been devised correctly showing the 
field controlled by the plate for any position of the camera lens. (See Zeitschrif't fiir Instru­
mentenkunde, October, 1895.) 

(3) Ph;,to-theodolite for precise work, by 0. Ney.-This instrument bas been patented in the 
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German Empire, and the following description has been taken from Zeitschrift fiir Instrumenten­
kunde, page 55, 18!)5: 

In the construction of this instrument, figs. 100 and 101, it has been sought to satisfy the 
following requirements: 

First. The camera should be sufficiently large to produce clear and well-defined perspectives. 
Second. The genei:al disposition of weight and mass should be symmetrical (the camera and 

the telescope of the theodolite were to be mounted centrally). 
Third. The weight of the instrument should be reduced to the minimum consistent with 

rigidity and sufficient strength to assure a free and easy manipulation, as well as durability or 
permanency of its adjustments when used in the field. 

This instrument is composed of two distinct parts, the camera proper (with horizontal circle) 

(!) 

(!) 

Fio. ro6 

!l> 

and a complete transit. They may be used sepa­
rately and independently, but always upon the same 
support and with the same tripod. The interchange 

F'tG I 01 

between camera and transit is readily accomplished (both being centered over the same instru­
ment support) with accuracy and expediency. 

The principal advantages attached to this disposition of the component parts of the photo­
theodolite may be cited as follows: 

First. The symmetrical and central mounting of the camera and transit telescope insures 
accuracy in the results. 

Second. The weight of each separate instrument-camera and transit-has been reduced to 
a minimum. 

Third. A disturbance of the adjustments of the instrument support (inuluding tripod) may 
be completely avoided by having the plate inserted and the slide withdrawn before placing the 
camera box into position upon the upper alidade limb. 

The carrying into effect of the ideas just mentioned has been greatly aide(l by supplying all 
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leveling and clamp screws with spherical ends resting upon plates in such a manner that a free 
play of motion will take place. These spherical terminations of the screws were originally devised 
by Reichel. 

The two forms in which this instrument may be used are shown in figs. 100 and 101. The 
former shows the photo-topographic camera (silmlar to Professor Finsterwalder's iustrument), and 
the latter shows the transit with compass B. 

IJ is the very rigid, yet essentially light, instrument support, the three arms being cast into 
one piece with the bearing for the couical pivot attached to the horizontal limb T. 

Tis the lower graduated limb and A is the upper limb of the alidade bearing the verniers. 
A large circular level is attached to the center of the upper limb of the alidade. The latter 

has three hardened plates inserted into its upper surface (at S, figs.100 and 101), one with a plane 
surface, the second with a conical cavity, and the third with av-shaped groove or slot. They form 
the supports for the spherical terminations of the three screws K, fig. 100, attached to either the 
transit or the surveying camera. These screws are received between the flanges C that form a. 
part of the base ring supporting either thE: camera or the telescope wyes H, fig.101. 

The two sets of three screws K (one for camera and one set for the transit) serve to adjust 
the horizon lines of both instruments and to bring them into the same horizontal plane. 

The transit telescope is arranged for stadia reading (after Porro's method), with 100 as the 
constant factor. The telescope level reads to 20", and the final adjustment of the transit is 
accomplished by means of this level. The striding compass B, fig. 101, is graduated to read to 
30', whereas the horizontal circle reads either to 10" or 20", according to the size of the instrument. 

In order to secure the transit and the camera to the horizontal circle (which both have in 
common) three horseshoe-shaped clasps (shown near 0, figs. 100 and 101) are hinged to the upper 
limb A of the alidade in such a way that they straddle either set of the three screws K of the 

·projecting flanges C (when they are turned up as shown in tbe figs. 100 and 101). 
Each of these clasps has a clamp screw with lever handle E, fig. 101, and by tightening these 

three clamp screws they are brought to bear upon the hardened beads of the screws K, making 
a firm connection between the upper limb of the alidade and the superimposed transit or camera. 
This connection is easily made, and it does not distnrb the adjustments of the instrument. 

This instrument is made in two sizes; one has plates 13 by 18 centimetres, and the other 18 
by 24 centimetres. To avoid changes in the dimensions of the camera box, due to, hygroscopic 
influences of the atmosphere, the box is construeted entirely of aluminium. The plate holders and 
the movable plate carrier, however, are made of mahogany, impregnated with chemicals to make 
the wood impervious against moisture. 

To avoid any possible change in the constant focal length, due to an uneven thickness of 
photographic plates or of the plate holders, the movable carrier may be moved toward the 
camera lens by means of the levers L, fig. 100, until the sensitive surface of the photographic 
plate is brought into conta~t with a metal frame, securely fastened to the sides of the camera box, 
and which bas a centimetre graduation filed into its inner edges. The distance of the rear surface 
of the graduated frame from the second nodal point of the camera lens constitutes the constant 
focal length of the camera. 

The centimetre graduation on the inner edges of the metal frame, reproduced on the niargin 
of the negatives, serves to ascertain whether the sensitive films (or the contact prints) have under­
gone any change during the process of development and also to ascertain the amount of correction 
to be applied to the perspective, if found to be distorted, before using it for the iconometric 
platting. 

The camera is provided with a pair of cross levels to enable the observer to detect any change 
in its adjustments prior to exposing a plate. These levels are graduated to read to 20" of arc. 
When the instrument is in perfect adjustment, the picture plane will be in a vertical plane and 
the principal ray will be in the same horizontal plane as the optical axis of the telescope '(when 
level), if the camera were replaced by the transit without disturbing the tripod's position. 

When this camera theodolite is adjusted, the vernier M, fig. 100, will read zero for the normal 
position of the lens. Still, the obje1~tive may be elevated or depressed by 35 millimetres, whicll 
change from the normal or central position of the lens may be read correctly within 0.1 millimetre 
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on the scale and vernier M, fig.100. The pneumatic camera slmtter is arranged both for time and 
for instantaneous exposures, a special device guarding against the possibility of exposing a plate 
before it is brought into perfect contact with the graduated metal frame, previously mentioned. 

The plate holder can not be withdrawn from the camera before the slide has beeu replaced, 
nor as long as the plate is in contact with. the grad u­
atecl frame. 

(4) The phototheodolite of D1·. G. Koppe.-Dr. C. 
Koppe, professor at the Technical High School in 
Braunscl.Iweig, Germany, is an ardent advocate of pl.10-
togrammetry and he has done much toward populariz­
ing photographic surveyiug in Germany. His work 
on photogrammetry, published in 1889, is an excellent 
manual both in respect to theory and practice. In 
18!)6_ he published a treatise on photogrammetry applied 
to cloud photography for meteorological research. 

This phototheodolite, fig. 102, has a centrally 
mounted camera with the telescope on one side and 
the vertical circle on the other. The horizontal axi~ 
between the two wyes has been widened into a conical 
ring R, into which the camera a may be inserted. Four 
stout springs/ press the camera C tightly against the 
ring surface forming the base of the conical ring R. 
After insertion into the ring, the camera G is revolved 
within the former until the end of the screw b abuts 
against the stop d, when the horizon line of the per­
spective (negative) should be horizontal. 

The camera axis is parallel with the optical axis 
of the telescope T, both axes being in the same horizontal plane when the vernier of the vertical 
circJe reads zero. When elevating or depressing the telescope T the camera axis will follow the . 

s 
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same motion, both remaining 
parallel. The instrument will 
be in equilibrium with the cam­
era de- or attached. The hori­
zontal axis of this instrument 
may be adjusted by means of 
the striding level L, which, 
when necessary, may be re­
placed by a striding compass 
in a manner similar to that 
illustrated in fig. 101. 

Since the telescope may be 
reyersed in the wyes, an error. 
of collimation and any index 
error of the vertical circle may 
be found or eliminated. 

There are neither slides 
nor pJate holders provided with 
this instrument, the plates be­
ing· inse: ted directly into the 
camera. This may be done in 

the field by aid of the packing case Rpecially constructed to serve as a dark chamber, fig. 103. 
This case is made of wood with double doors, each door having a circular hole A, wbich 

is filled in with a flexible, Iigbt-tight, and dark-colored material, forming sleeves in such a way 
that the hands of the operator may be thrust through an elastic opening in the center (of the 
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circuJar openings). The fabric wiJl close tightly around the wrists-when the interior of the case 
will be perfectly dark-and the sleeves A will permit free play to the hands for manipulating the 
camera and plates within the space L of the case. 

This case is inclosed with a tight-fitting sole-leather covering, having two flaps S to protect 
the openings A against the admission of dust when the packing case is transported on the back 
of the instrument bearer. 

The entire instrument, except the tripod, may be packed into this case for transportatiou. It 
also contains two boxes,][, and K 2 ; the former receives the exposed plates (negatives) while the 
latter contains the supply of unexposed plates. 

When a plate is to be exchanged the camera 0 is placed into the packing case and both doors 
as well as the leather main flap or cover are securely closed; both hands are now inserted through 
A, and after the sleeves are .tightly closed about the wrists the camera is opened, the exposed 
plate removed and placed into the box K, (as shown at P, fig. 103). The door Tis closed and a 
new plate, taken from the box K 2 , is placed into the camera (as shown by g, fig. 103) and_ the 
camera back is closed, when the camera wi11 be ready for another exposure. 

The constant focal length of this camera is represented by the distance between the second 
nodal point of the lens and the rear surface of a metal frame (similar to that of Ney's photo­
theodolite) permanently attached to the rear of the camera box. 

'.l'he inner edges of this metal diaphragm or frame are graduated into centimetres; the middle 
graduation marks of the hurir.ontal sides of the frame locate the 
principal line, while the middle graduation marks of the vertical 
sides represent the termini of the horizontal line on the perspec­
tives. The focal length, once determined, will remain unchanged 
forall plates. 

This instrument has been manufactured for Professor Koppe 
by F. Randhagen, in Hanover, Germany. 

The "Topographic Bureau" of the Swiss Republic has used 
a phototheodolite constructed after the model of Dr. Koppe's in­
strument. The experience in Switzerland, however, seems to 
have decided the topographic bureau not to replace the plane 
table by the phototheodolite for general topographic surveys 
executed by that bureau. 

(5) Phototheodolite devised by TT. Pollaclc, manufactured by R. 
Lechner in Vienna, Austria.-With this instrument (fig. 104) the 

camera 0 is centrally located, and it rests upon a horizontal circle. The telescope F and the 
vertical circle are mounted at one side of the camera, a weight G counterbalancing both on the 
other side of the camera. 

Aluminum has been used very freely in the construction of this phototheodolite in order to 
reduce the weight as low as possible. This instrument has been manufactured in two sizes; the 
horizontal circle of the small-sized one is graduated to 30', the verniers reading 1', while the larger 
one bas a circle graduated to 20', and its verniers read ~O". The telescope Fis mounted similarly 
to that of the so-called Danish plane table alidade. 

The adjustment of the horizontal axi~ of revolution of the telescope F is accomplished by 
means of a special level. Clamps and slow-motion screws are provided for both the horizoutal 
and vertical circles. The telescope has a focal length of 27 centimetre~ and an opening of 31 
millimetres, with a magnifying power of 9 to 18 diameters. The telescope is arranged for stadia 
reading, and it has 100 as the constant multiplier. The telescope level L is graduated to 10" or 
20". The vertical circle is graduated to 20' and its two verniers read to 20". · 

The camera box is made of aluminum and it is provided with a Zeiss anastigmat. By means 
of the rack and pinion z the lens may be elevated or depressecl by either 30 or 50 millimetres, 
according to the size of the instrument. The scale t, with vernier n, serves to measure the vertical 
deviation of the lens from its normal position. Also this camera is provided with a graduated 
metal frame, the inner edges of which have either a centimetre or five-millimetre graduation, which 
is reproduced upon the margins of the negatives. They serve not only to locate the horizon 
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and the principal lines upon the perspectives, but they also give the means io discover any distor­
tion that may arise in the pictures due to the wet process of development. 

This metal graduated frame is brought into contact with the sensitive surface of the film by a 
si.mple mechanical contrivance in such a way that the focal length for all negatives is constant, 
even if the plate holders or glass plates should not be equally thick. 

(6) Ool. A. J,aussedat's latest phototheodolite.-This instrument (figs. 105 and 106) has been 
manufactured by E . .Ducretet and L. Lejeune, in Paris, France, 

Both transit telescope .L and camera 0 are centrally 
mounted, the latter above the former. The camera may also 
be used alone, independently of the transit, and it may tllen 
be mounted upon the tripod (fig. 106) by means of a special 
pivot or spindle S'. 'rile transit may likewise be used alone, 
without the camera, for trigonometric observations. 

S =leveling screws. c1 =central clamp screw. 0 =cam­
era, and B =magazine for fiaeen plates. 0 =objective of the 
camera; it is a rectilinear wide-angle lens of 75 millimetres focal 
length. H =sliding front plate of camera, provided with pinion 
and rack movement, R, to elevate or depress the lens. V = 
finder to show the extent of the field covered by the photo­
graphic plate, although a focusing glass, G, fig.106, is also pro­
vi~ed. L =transit telescope provided with stadia wires. Oe = 
vertical circle, graduated to 30'. ll'I =Wye supports of the tel­
escope axis of revolution, their prolongation forming the camera 
support. A =horizontal circle graduatetl to 30'; its clamp and 
slow-motion screw are indicated at P'. N =adjustable level. 
D = declination or box compass. 

Several loaded magazines, each containing 15 plates, may 
be carried with this instrument and the plates may be exchanged 
in full daylight without having to remove the camera. The pho­
tographic plates are u2 by 9 centimetres, but enlarged prints are 

0 

used for tbe iconometric platting. 
Six plates cover the entire hori­
zon and will form a complete pan­
orama. 

The lens is provided with an 
iris shutter. It may be focused for 
short distances or infinity by turning a lever over a scale showing the 
distances in metres attached to the front board, H, of the camera. 

In ftg.106 the camera is represented with the magazine, B, removed 
and replaced by the ground glass plate, G. 

The entire outfit, excepting the tripod, may be transported in one 
carrying case (with shoulder or pack straps) of 39 by 28 by 17 centi­
metres size and 8 kilogrammes weight if but one magazine filled with 
10 plates is included. 

(7) The phototheodolite of Starke and Kammerer.-This instrument, 
fig. 107, is somewhat similar in construction to Profe~sor Finsterwal­
der's phototheodolite; both have neither telescope nor vertical circle, 
being provided with camera telescopes instead. 

An ordinary skeleton tripod supports the three leveling screws, S, and a central clamp screw 
with spiral spring, P, securely connects the tripod bead with the instrument proper. H represents 
the horizontal circle, graduated to 20', but by means of two verniers a.nd microscopes, L, horizontal 
angles may be read to 1'. · 

The vertical axis of revolution, ending in three horizontal arms, B17 B 2, B 3, may be adjusted 
with the aid of the leveling screws S and the croRs levels l17 z.i. The plate D, forming the support 
of the cross levels, is firmly united with the arm B2. 



718 UNITED STATES COAST AND GEODETIC SURVEY. 

E = upper clamp ticrew. 111 =upper tangent screw for slow motion. F 1, F 2 , F 3 =three level­
ing screws supporting the camera telescope; they rest in grooves on the arms B,, Bi, B 3• l,, l4 = cross 
levels, attached to the camera telescope, figs. 107 and 108; they serve to adjust the photographic 
plate into vertical plane, using the three leveling screws F 1, 1!12, F3 for this purpose. S = movable 
front board or lens slide, figs. 107 and 108. Q =handle to facilitate the mounting of the camera, 

F1G.I07 

0, upon the three arms B,, B2, R3• J[, =pinion for elevating or depressing the front board S, 
which has a corresponding rack, as illustrated in fig. 107. K 2 = differentia,l pinion for slow motion 
of the froflt board. H =clamp screw for lix:ing the lens in any position above or below its central 
or normal position. m =millimetre scale for measuring any vertical change of the lens from its 
normal position, the vernier n permitting such change to lJe read to 0·05 millimetre. 
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The camera may be securely united with the vertical axis of the horizontal circle by a clamp 
screw manipulated from witllin the camera l.lox. 

When tho zero mark of the vernier n coincides with the 70 mark of the scale 111, tlle lens should 
be in its central or normal position. The slide S may be moved 70 millimetres up or down; from 
70 to 140 it falls above the normal position. 

The lens is a Zeiss anastigmat, 1/ 13, with a focal length of about 212 millimetres. 
·when the camera lens is suitable for photo-topographic purposes, the horizontal change in 

the distance between its second nodal point and the image plane shquld only be: 
0·09 0· 11 0· 15 0·2'.! 0·-15 millimetre for: 

distances of 500 400 300 200 100 metres. 
Hence focusing may be dispensed with for general photo-topographic purposes; still, in order 

that this instrument-for special purposes-may also produce sharp and well-defined pictures of 
objects close to the camera, the lens mount is such to allow a motion in th~ direction of the optical 

'h.. 

c 
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axis within a range of 2 millimetres, whereby objects but 23 metres away from the camera may 
still be brought into focus. 

The external tube of the lens mount has a helical groove or slot, fig. 108, in which a small 
metal block t, provided with an index mark, may glide freely. This block is attached to the inner 
tube of the lens mount, and a screw rat one end of the slot serves to clamp the two tubes together, 
when the focal length will be maintained constant for any length of time. When the screw r is 
loosened and the outer tube revolved from left to right, the focal length will be shortened. When 
the block t has passed from one end of the slot to the other, the focal length will have suffered a 
change of 2 millimetres. The two positions of the index mark ou the block t, for these extreme 
limits, are marked on the edge of the slot on the outer tube, 0 and 2, fig. 108; the interval being 
divided into twenty equal parts, oue part will correspond with au axial motion of the camera lens 
of O·l rnillimetrn. 

A metal frame is attached to the back of the camera box, its rear surface coinciding with the 
picture plane. The inner edges of this frame are provided with a centimetre graduation; the 
middle marks (triangular file cuts) of the vertical sides of tllis frame designate the termini of 
the horizon line on the negative, while the middle notches of the two horizontal sides indicate 
the position of the principal line. When the instrument is in adjustment, the principal line will be 
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vertical, the horizon line will be horizontal, and their point of intersection will be the principal 
point of the photographic perspective. The opening of this metal frame is 17·8 by 22·8 centimetres, 
which is also the effective size of the pictures. 

The two frames I and II in figs. 109 and 110 give the means at band to make a light-tight 
connection between the single plate holders (or ground-glass plate) and the camera telescope. The 
short bellows w, connecting frame I with II, will admit the frame II to be moved a little while I 
remains fixed to the camera box. Each of these two frames is provided with two hooks, frame I 
having one upper hook h1, figs. 107 and 108, and a similar hook near the lower corner diagonally 
opposite h1• The hook hi, fig. 108, is attached to the upper corner (opposite hook h1) of frame II, 
which also has a similar lower hook diagonally opposite hi and directly under h1• 

Fig. no represents a partial section of the rear end of the camera, showing:. the ground-glass 
attachment V. Frame II is fastened to frame I by means of the upper left 
hook lti and the lower right hook. 

·The ground-glass frame Vis supported by the screws z, and z2, figs. 110 

z. and 111, the points of which rest upon the metal plates 7t, 

figs. 108 and no, attached to the permanently fixed frame 
I. The face of the ground glass G, fig. no, is brought into 
contact with the rear surface of the graduated metal frame 

R 

p 
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R, fig. no, by means 
of the upper right and 
lower left hooks. 

The ground-glass 
attachment V also has 
the eyepiece, which 
forms a telescope with 

the camera lens, converting the camera into a cam-
era telescope. The position of the optical axis of 
the eyepiece may be adjusted vertically by turning 
the screws z1 and z2 until the line of collimation of 
eyepiece and camera lens fall together into the plane 
of the camera horizon (the camera lens being in its 
normal position, or the zero mark of the vernier n 
coinciding with the 70 mark of the scale m, fig.107). 
In this position.points on the horizon maybe sighted 
through the eyepiece of the ground-glass attach­
ment; but when the camera lens had been moved 
up or down some distance away from its normal position 
the eyepiece can no longer be used with its optical axis 
horizontal, and the stops p 1 and pz, fig. 111, are now unfas­
tened and the eyepiece is tilted up or down (rotating it 
about the horizontal axis x1 x 2, fig. 111) until its optical 
axis is directed to the center of the object glass, when the 
image of th11 point to be bisected will appear well defined. 

~o 

v 
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The circular openings p, shown in the ground-glass attachment, fig. 111, serve to examine the 
middle notches of the inner edges of the sides of the graduated metal frame R, which define the 
horizon, and the principal lines of the perspective, thus giving the means to test the positions of 
those lines and to adjust the same, if necessary. 

The outer wooden frame V, fig. no, of the ground-glass attachment is strengthened with two 
metal diagonal ribs D 1, fig. ni, which are joined at their intersection by a ring r, the latter form­
ing the support for the eyepiece, which may be revolved about the horizontal axis x, xz,, as !Jas 
been already mentioned. 

Each holder contains a single plate, and fig. 109 illustrates a section through the upper rear 
part of the camera uox with a plate holder Kin position: 

P =dry plate; it rests at its four corners upon the springs f. S =hard rubber slide, which 
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is completely withdrawn when making an exposure of the plate. R =graduated metal frame 
permanently fixed to the rear end of the camera box C. 

We will now describe how the plate holder is attached to the camera for exposing a plate: 
Frame II is set free from frame I, and J( is hung to the frame II by means of the bent plate l, 

'fig. 109, when the beveled projecting edge of K closes into the rebate of frame I I, producing a light­
tight connection. J( is now secured to frame I I by the upper left and lower right hooks (which is 
the position shown in fig. 109). The hard.rubber slide Sis now withdrawn, and the pair of hooks­
upper right and lower left-are tightened to draw the holder K 
forward until the sensitive film surface is brought into contact with 
the graduated metal frame R at the back of the camera C, the 
springs f taking up any .lost motion and insuring a perfect contact. 

The lens is now uncapped, the exposure made, and the plate 
holder is withdrawn by repeating the same operations in the inverse 
order: unfastening the pair of hooks-upper right and lower left­
inserting the slide S, and drawing back the last two hooks-lower 
right and upper left. 

(8) Captain Hiibl's plane-table photogrammeter.-This instrument 
is made by R. Lechner in Vienna, Austria, and it has been described 
in" Lechner's Mittheilungen ans dem Gebiete der Photogrnphie und 
Kartographie," Verlag von H,. Lechner (Wilhelm Miiller) Graben 
31, Wien. 

The result aimed at in topography generally being the graphic 
representation of the terrene, Oaptain Hiibl replaced the theodolite 
of the ordinary photogrammeter by a plane table with alidade, thus 
being enabled to plat the directions required for the ol'ientation of 
the picture traces, as well as those needed for the location of the 
camera stations, directly in the field upon the plane table. 

For this purpose the top M, fig. 112, of the camera C, (21 by 

b 
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21 centimetres) is disposed for use as a plane table. It receives the paper sheet, which is held in 
position by four metal corner clamps n. 

Fig. 113 shows the plane table (or upper surface of the camera) ab c d, which has two pivots, 
z and z1, about which tbe ruler LL of the alidade ](may be revolved in azimuth. If zf, fig. 113, 
represents the constant focal lengtll, eg will be tlle horizontal prQjection of the picture trace. By 

placing the ruler LL of the alidade upon tl..le 
a ,--~--------_-~r--_-~~-b a.-----i.-r~--..,"b pivot z the horizontal pro,iect,ions of horizon-

/ ', tal dil'ect.ions emanating from z (representing 

I 
I 

' the platted station point) as a center to those 
I 
I 

I 

points of tbe perspective which serve to ori­
ent tl..le picture may be dra.wn upon tbe paper 

' between the sector e z g. 
/ , The central pivot z', fig. 113, serves as 

/ / '. the vertical axis of rotation for the alidade 
/ ....... ---..;,,..~-+--g""'\.,.d ruler LL when drawing tlrn horizontal direc-c ...__..,.. __________ , _____ d c -- _,. 

-- - tions to known poiuts (signals over trigouo-
'F1 G. 113 metric stations, visible from the camera sta-

tion) to locate the position of the station 
with reference to surrounding triangulation points. The line zf or z'f represents the horizontal 
projection of the principal ray (or of the optical axis of the camera). It is the trace of the prin­
cipal plane upon the horiwntal-projection plane. 

With reference to fig. 112: 
c =camera box made of alurni11um, with constant focal length. k =plane· table alidade, 

arranged for stadia reading, with vertical circle. z = pivot over second 11odal point of the camera 
lens. z1 =pivot vertically above center of instrument (in prolongatfon of the vertical axis of 
rotation for the camera or plane.table). 

(i.iH·l--·iH 
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Ate and g, fig. 113, are two stops representing the ends of the photographic field ezg; which 
is identical with the horizontal angle .commanded by each plate. 

Thelever h, fig.112, serves to locate the principal point/, fig. 113; when the edge of the ruler 
LL abuts against the upturned lever h, and the principal ray zf (bisecting tht1 angle ezg) may be 
drawn upon the plane.table sheet. 

With reference to fig. 112: b =rubber bulb for operating the pneumatic shutter of the camera.' 
t =head of pinion which serves to elevate or depress the camera Jens, the change from the normal 
position of the lens being read on a scale with vernier. n = spirit level, two being provided (at 
right angles) for adjusting the instrument. 'R =movable plate carrier. LL= lever for moving 
the plate carrier R forward (toward the Jens) until the sensitive surface of the plate is brought 
into contact with the graduated metal frame vv. 

The horizon and the principal line may be located upon the perspectives by means of the 
centimetre graduations on the inner edges of the meta.I frame vv, or two fine wireR may be attached 
to the corresponding points of the graduation. 

The camera is supported by the three leading screws s, their upper ends resting in three slots 
of the lower face of the camera box. The latter is firmly united with the tripod head by means of 
a central clamp screw with spiral spring. T=gradnated horizontal circle with clamp screw. It 
serves to enable the observer to turn the camera by an equal amount in azimuth after each expos­
ure. xx=correction screws to adjust the graduated metal frame vv to bring the principal point 
into the optical axis of the camera lens. 

The plane-table M, with alidade K, serves to locate the camera station in both the vertical 
and horizontal sense. If the camera stations are not very close together, the plane-table may also 
serve for the location of tertiary points and for the sketching of details. 

This photographic plane-table is well suited for topographic reconnaissance surveys. The 
results obtained by means of the same may not be as precise as those obtained with the more 
complicated aud refined phototheodolites, but it is more easily tram1ported, is very simple in 
manipulation, and the adjustments are not liable to be easily disturbed. The instrument is 
compact, well conceived, and excellently executed. 

The size of the photographic plate is 12 by 16 centimetres, giving an effective picture within 
the graduated margin of 10 by 14 centimetres. 

The cube-shaped camera has sides of 21 centimetres length, and weighs 3·5 kilograms. 'l'he 
packing case, including the entire outfit and stout tripod (three folding legs), weighs only 11·5 
kilograms. The cost in Vienna of the complete instrument is 400 florins. 

V. PANORAMIO CAMERAS, 

The lenses of the older surveying cameras gave correct perspectives only for small angles, 
rarely exceeding 300, and Martens, in Paris, was probably the first to devise a so-called panoramic 
camera to photograph larger sections of the horizon on one plate, even with lenses that ordinarily 
would cover but a small angular field. 

If the objects to be photographed are far enough distant to permit the use of a constant focal 
length of lens for the picture, and if the lens may be rotated about a vertical axis passing through 
the second nodal point of the lens system, such panoramic views may be obtained upon a sensitized 
surface bent into a half cylinder whose radius equals the constant focal length of' the lens and 
whose axis coincides with the vertical axis of rotation of the camera lens. 

The topographic cylindrograph of R. Moessard.-The following-described apparatus bas been 
devised by R. Moessard (commandant du Genie, attach6 au service geographique de l'armee), of 
St. Cyr, France. 

The hemicylindrical camera box, fig. 114, rests upon a tripod, with three leveling screws to 
adjust the verticality of the axis of' revolution aa of the camera lens O, which axis coincides with 
that of the half cylinder formed by the sensitized surface of the film. The latter may be replaced 
by a half-cylindrical ground-glass plate. 

The camera lens 0 may be rotated by hand about aa, using the sight ruler Sas lever. By 
viewing the landscape throtlgh the sights PP' of the lever S, the proper timing for the exposure 
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of the different panorama sections may be estimated. The space 
between the lens 0 and the frame RR is tilled in with a light-tight 
fabric, allowing full play for the rotating objective 0. 

The upper surface of the topo­
graphic cylindrograph is provided with 
an azimuth compass 0 and a pair of 
cross levels A and B. The beut frame 
forming the guide for the sensitive film 
has graduations on the inner edges, 
which form the margins of each pano­
ramic view. 

The divisions of the upper and 
lower (i10rizontal) scales correspond to 
degrees in arc, while the divisionK of 
the vertical sides are graduateu to read 

1
{

0
, where f =constant focal length of 

the lens 0 = radius of the cylindrical 
sensitive surface of the film. 

Four movable indices are provided, 
two, H and H', fig. 115, serve to mark 
the horizon line of the half panorama, 
and the other two, N and E, indicate the 
magnetic north-and-south line and the 
magnetic east-and-west line for each 
half panorama, the compass O, with the 
sight ruler S, giving the means for prop­
el'ly setting the index marks N and E 
for ~ch view. Thus the magnetic azi­
muths of horizontal directions may be 
taken directly from the pictures. 

The vertical angles are readily 

I 

I 
/, 

\ 

I 

I I It. 
found by means of the ordi-
11ates of pictured point._. 
(above or below the horizou 
line HH') measured in one­
h undred tbs of the focal 
length f, using the photo­
graphed scales on the verti­
cal margins of the pictures 
for this purpose. 

For example: The an­
ide of depression of the ray 
Oa (to the base of the pic­

tured tree 
b L a), fig. 115, 

l!!!t, may be found 
t 
H 

~~~~~~~~~~~~~~<a~·~~~~~~~~~·.__~~~~~~~~~__rH~' from 
I b' 
!.a. aa' 

tan fJ = -f 
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or when aa', measured on the side scale, is found to be equal to 25 divisional parts: 

aa' .·tan f3=
100 

= U.25 

To determine whether the levels A and B, fig. 114, read zero when the cylindrical film is ver­
tical, and also to ascertain whether the index marks JI and H', fig. 115, representing the horizon 
line, are correctly placed, we may proceed as follows: 

A theodolite, fig. llG, is set up about 10 or 15 metres behind the cylindrograph (after the 
back of the camera had been removed to bring the index marks Hand H' into view), and both 
instruments are leveled. After bisecting the upper edge of the cylindrograph the telescope of the 
theodolite is moved in azimuth, when the bisection should continue. 'l'he same should be the case 
for the lower surface edge of the cyliudrograph after depressing the telescope of the theodolite to 

' ' I 
I 

' \ 

CYl.,INOROGRAPH 

I 

' \ 

I 
I 
I 

. 
I 
I 

I 
I 

I 

I 

I 
I 
I 
I 

I 
I 

I 
I 

I 
I 
I 

I 

I 
I 
I 

I I 

bisect that edge. Does this not take place, the cylindrograph will 
have to be adjusted by means of the leveling screws until the bisec­
tion takes place, when the level A is to be changed to read zero for 
this position of the cyli11drograph. 

The theodolite is now set up in the direction of the level A, at 
one side of the cylindrograph, and the level B is adjusted in the 
same manner as jnst indicated for A. 

To adjust the i11dices 11 and H' into the horizontal plane (con­
taining the optical axis of the adjusted cyliudrograph) a comparison 
may be made on a cylindrograpJ~ picture, showing several poillts of 
known elevatious, the elevation of the cylindrograph being also 
known, or the theodolite may be set up with the horizontal telescope 
at .the same elevation with the ontical axis of the adjusted cylindro­
graph. The horizontal telescope of the theodolite is now movecl in 
azimuth until a well-defined point is bisected, which point may be 
identified on the ground glass of the cylindrograph. The ima~e of 
this point on the ground glass is marked and the cylindrograph is 
moved in azimuth,· marking the image on the ground glass in two 
more places. A (horizontal) line passing through these marked 

', I 
I I Fie.:.. l16 points should pass through 11 and H 1• 
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The objective 0 is attached to a funnel-shaped box within the 
camem, permitting the simultaneous exposure of a vertical strip of 
film having a width of but 62 millimetres. Points of the film that 
would be pictured outside of this strip can not be acted upon by 
the light unless the objective is revolved about the axis aa. 

After the time needed for the correct exposure of this strip (of 
62 millimetres width) has been ascertained, the correct exposure 
may be given the entire semicylinder by moving the sight ruler S 

with a quick and uniform motion about aa from one extreme end of the film to the other. 

\ I 
I/ o THEODOLITE 

The semicylindrical film being 860 millimetres long, each strip of the film would theu 11avc been 
exposed the sixty-two eight hundred and sixtieth part of the time required to make one full revo­
lution of the o~jective. If one complete revolution required ten seconds, and if the correct expo­
sure for the strip was found to be five seconds, each strip would I.Jave received an exposure of 
10 X ~~seconds= 0.72 second. 'l'o give each strip the required exposure of five seconds the entire 

860 

revolution of the lens should he repeated 0~~ times in succession, or about seven times, each com-

plete revolution taking ten seconds. 
As yet these instruments are not made suflicieutly precise to he recommended for phototopo­

graphic surveys. The conception of this instrument, however, is ingenious, and where the ques­
tion of transportation need not be considered the topographic cylindrograph in a more perfected 
form may give good results for surveying purpmies. 



UHAPTirn, V. 

ICONOMETERS AND PERSPECTOGRAPHS. 

We understand under iconometers a series of instruments that have been devised to simplify 
the constructions of phototopographic platting (iconometry). 

After two drawing boards have been covered with paper (gummed down on the edges) uoth 
sheets are provided with a chart pr~jection upon which all trigonometric (triangulation) points 
are platted and their elevations inscribed. 

The constructions incidental to the iconometric platting of the phototopographic survey may 
be divided into three classes: 

First. The platting of all horizontal directions, that had ueen observed instrumentally, for the 

platting of the phototop­
ographic survey in Italy 
have been described in 
Appendix No. 3 of the 
United States Coast aud 
Geodetic Survey Heport 
for 1893. They are: 

I. The graphic pro­
tractor. - It is used for 
platting horizontal diree­
tions ollservell iustrumen 

II. '/'he !Jraphic isector 
nini, serves to plat 110ri 
without first drawing the 

III. The graphic hyp 
Paganini. It serves to 
as well as points platted 
the intersections of liues 

location of the camera stations and for the orientation 
of the panorama views. 
. Secon<l. The determination of the horizontal pro­
jection of points pictured on three or more photographs 
taken from different stations. 

Third. The determination of the elevations of the 
various camera stations and tertiary points (that are 
located iconometrically) to faeilitate the platting of 
the horizontal coutours of the terrene. 

The principal instruments used for the iconometric 

L 
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tally in the field on the platting sheet in the office. 
("settore grafico").-'fhis instrument, devised by Paga. 
zontal directions to points pictured 011 the photographs 
picture traces on thA working sheet. 
someter. - This instrument has also been invented by 
determiue the elevations of all points (camera stations, 
from the photographs) platted on the working sheet by 
of directiou. 

IV. The centrolincad.-Reforeuce has been made to this instrument under the description of 
the Canadian photograph board. Captain Deville uses this instrument for drawing lines to a 
vanishing point falling outside of the limits of the platting sheet. 

The distauce between the principal point and the vanishing poi11ts of lines increases the nearer 
parallel to the pieture plane such lines are. Lines parallel with the pieture plane have their van­
ishing point at infinite distance from the principal point; practically they have no vanishing 
point. 'l'heir perspeetive"s are parallel with the original lines. 

It often occurs in iconometric platting that tl1e vanishing points of some lines fall outside of 
the limits of the drawing board, and, in order to draw a line which, if produced, would pass through 
the distant vamslliug point, special constructions would have to be made to locate the direction 
of sueh a line. 

This instrument, fig. 117, is used instead of making such auxiliary constructions on the 
photograph board. It is composed of a wooden stmightedge, L, and two wooden movable arms, 

725 
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land l', which may be given any inclination against the straightedge L. The clamp screws, r and 
r', serve to fix the arms l and l' perrnanen tly in any position. 

The photograph board, fig. 70, is provided with four points, A, B, O, and E, indicatfng the 
centers of the studs against which tlie arms l and l' play or rest when the centrolinead is used on 
the photograph board. The distance between the studs may vary, but each two forming a pair 
are generally placed from 6 to 8 inches apart, and, the arms of the centrolinead being held in 
contact with tlle studs, tlle various directions of the ruler L will intersect each other in one 
common point. 

With reference to fig. 118 we have: 
A and B =one pair of studs permanently fixed upon tlle photograph board. OA and OB = 

movable arms of the ceutrolinead, now clamped in the position given them in the figure. 00 = 
ruler of the centrolinead (=Lin fig. 117). . 

If we describe a circle through the three points A, O, and B-the angle AOB remaining 
constant-the angle AOB will be an angle of the periphery AB for any position given the ruler 
00 ( = L, fig. 117) as long as OA and OB (land l', fig. 117) remain in contact with the studs A 
and B. When 00 is changed to assume the position 0 1C1 the intersection, V, of the two lines 
00 and 0'0' will also be on the periphery of the circle because the angle AO V (A 0' V) remains 
the same and must subtend the same arc _,,1 Vas long as the studs A and B remain unchanged. 

H' 

lle11ce, for the assumed position of 
the studs the directions of all lines 
drawn along the .fiducial edge of the 
ruler 00 (giving 0 all positions on 
the arc A OB) will pass through the 
point V-they will vanish at V. 

In the iconometric work of the 
Canadian surveys the centrolinead is 
used only for drawing the perspec­
tives of horizontal lines, their vanish­
ing points being on the horizon line. 
The studs A and B are placed on the 
photograph board on a line AB, per-

F1G. llS 

C pendicular to the horizon line and at 
equal distances from the latter. The 
horizon line Hll' (D.D' in fig. 70) 

becomes a diameter of the circle A OB V, and VA =VB. If the movable arms of the centrolinead 
include the same angles with the direction of the fiducial edge of the straightedge, the line 00, 
bisecting the angle AOB, must pass through IT midway between A and B. 

The distance of the vanishing point, V, from the principal point, P, may be varied at pleasure 
by changing the inclination of the arms, l and l', against the direction of the fiducial edge of the 
ruler L. When the direction of the arms l and l' falls together and is perpendicular to L, the 
vanishing point will fall at infinite distance from the principal point I' and the lines drawn along 
the fiducial edge of the straightedge L will become parallel with the horizon line HR'. 

The distance of the vanishing point V from P may also be varied by changing the distance 
between the studs A and B or 0 and JiJ, fig 70-increasing this distance will enlarge the circle 
AOB Y and V moves farther off from I', reducing that distance will decrease the diameter of the 
circle A OB V and V will approach the principal point P. The practice in Canada, however, is to 
retain the position of the studs unchanged on the photograph board and to change the inclination 
of the arms land l' of the centrolinead instead. 

If we gradually close the arms land l', Vwill approach the line AB and when the angle AOB 
becomes equal to 900 the arc AOB will have become a semicircle, and the intersection of AH with 
HH1 will be the center of the circle AOBV, the distance of both 0 and Vfrom AB will be equal 

to-'.!;~, continuing to close the arms l and l', V will approach closer to AB without ever 

reaching lf,. 
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(1) To set the arms (land l') of the centrolinead if the direction to tlte vanishing point ( V) i.1· given 
by a line in the ground plan. 

With reference to fig. 119 we have: 
P =principal point on the photograph board. A and B =positions of the studs. Sv =given 

direction of the line on the ground plan, when V will be the vanishing point for that line. 
We revolve the picture plane about the horizon line, as axis, iut-0 the horizontal platting plane 

when the station may fall in S, fig. 119, SP being then the distance Jine or focal length projected 
into horizontal plan. Should the point Y fall upon the drawing board we could describe a circle 
through AB and V and 
place the fiducial edge of 
the cen trolincad's straight­
edge upon DI' (upon the 
horiwn line) with the axis 
of rotation 0 of the arms 
l and l' in D upon the cir­
cle, then bring the arms l 
and l' into contact with 
t.he studs A and B aud 
clamp them in this posi­
tion. Still, in this case 
there would bo no use for 
the centrolinead, the point 
V being accessible. 

To set the arms for 

H 

M 

p 

FIG.119 

5 

an inaccessible point Y we again refer to fig·. 119. .Toin the poi11ts V uncl B, the angle YDB-the 
inclination of the lower arm l' agaim;t the ruler L-is equal to VBA, both angles subtending equal 
arcs of the same circle. Draw the lines CS and BS. At any point c 011 CB draw cJf anll c1· par­
allel to .AB and DP and join band v. By reason of similarity·of triangles, vb must be parallel to 
VB and the angle 

vbc = VBG = BDV. 

Hence, the arms of the centrolinead may be set in the case under consideration by placing the ruler 
L on .llfb, the axis of rotation, 0, coinciding with b, and adjusting the lower arm l' of the centro­
linead to coincide with bv. The other arm I, having the same inclinati011 against the ruler L as 
the arm l', may ho set by placing the ruler L upon the horizon Iino JJP and moving it along this 

H 

I 
I 

A 

B 

' ' 

line until the lower adjusted arm l' comes 
into contact with the stud B, then moving 
the other arm l about 0 until it comes into 
contact with the stud .A and clamping it also. 

The lines BS, GS, life, and cv are drawn 
H' once for all upon the photograph board, fig. 

70. The only line to be drawn for setting the 
arms of the centrolinead is S1•, which is the 

F 1 G .. r20 direction of the given line on the ground 
M plan. The line bv need not be drawn, the 

. points b and v being· located by drawing· cv 
parallel with the horizon line and c1lf or cb parallel with the distance line Sl'. 

(2) To set the arms of the centrolinetid, if the given lfae VE belong.<; to the perspective: 
Take any point F, .fig. 120, on the horizon line, join F with E and F with B, then draw c]lf 

parallel to AB. Through ti draw ev parallel to EV and join vb. Owing to the similarity of tri· 
angles i 1b will be parallel with VB and the angle vbc = VBA, which is the inclination of the arm 
against the ruler L of the centrolinead. 

FB and cM are permanently drawn 011 the photograph board, but FE and ve will have to be 
drawn for every given line. In this case two lines will have to be drawn instead of one, as in the 
preceding case. 
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Centrolineads are usually sold in pairs; one serves to work on the left side of the principal 
point and the other on the right side. 

V. The perspectometer (as used by Capt. E. Deville).-The perspectometer is used to dispense 
with the construction of the squares on the perspective when applying the "method of squares" 
(Chapter I, Paragraph IX) to draw a figure in the ground plan by means of its perspective. 

On a thin, transparent film (glass, xylonite, isinglass, horn, etc.,) two parallel lines AB and 
DD', fig. 121, are drawn intersecting the common perpendicular pP. Make DP=PD'=PA=pB= 
distance line (focal length) and fromp lay off on AB (to both sides ofp) equal distances: 

pm=mn=no . . =pm'=m'n'=n'o'= .... 

Join these points of division to P and draw lines through the corresponding intersections of the 
radials from P with the perpendiculars AD and BD1

, rr', tt' . · . which lines will 
be parallel with AB and DD'. 

The w;e of the perspectometer,-The perspectometer is placed upon a perspective with Pon 
t11e principal point and DD' coinciding with the horizon line. The ground line of the peL"spective 
may fall in XY, fig. 121, it will be divided into equal parts by the radials from P, and the trape· 

zoids of the perspectometer 
o p o represent the perspectives of 

the squares in the ground 
plane having the equal parts 

'I 0 

FIG.1"2.J 

ou X Y as sides. 
By placing the perspecto­

meter on the perspective in 
the manner indicated above 
the squares covering the per­
spective of the figure that is 
to be platted iconometrically 
on the ground plan are at once 
apparent, and only those re­
quired for the drawing of the 
figure in question are drawn 
on the ground plan. 

The sides of the squares to be drawn on the ground plan (their side lengths are equal to the 
divisions on the ground line between the radials drawn from P) are laid off from tlie trace of the 
principal plane on the ground line, and the position of the front Jine nearest the picture trace 
(or ground line) is laid off on the ground plan either by estimation or construction. The estima­
tion of the position of this line (corresponding to tt') on the ground plan is made by noting tlie 
fraction of a square's side which represents the distance (between tt' and XY, fig. 121) from the 
ground line on the persvective. 

The same perspectometer serves only for perspectives which have the same distance line 
(like photographs of distant objects taken with the same lens), diflerent distance lines requiring 
different perspectometers. 

The width p P should be equal to the heigllt of the horizon line above the foot of the picture; 
the radials from P need not exten1l beyond the width of the picture, the distance points D and D' 
having been taken as the limit of the perspectometer in the figure ( 121) merely to show more 
fully the principles involved in its construction. 

The length of a single division on the line AB should be selected with reference tp the resulting 
equal division lengths of the lowest ground line used for the pictures, as the dimensions of the division 
lengths on the latter give the measure for the sides of the squares to be drawn on the ground plan. 

These division lengths on the ground line should be in harmony with the scale of the plan and 
with the degree of accuracy that may be required for the delineation of the topographic features. 
The smaller the size of the squares is selected on the ground plan the more accurately the trans­
fer of the figure from its perspective to the ground plan may be made, the same principles being 
involved in this method of iconometric platting as in the well-known method of reducing drawings 
by means of two sets of (hair) squares, the ratio of their sides corresponding to the scale of the 
required reduction. 
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Captain Deville recommends the perspootometer to be made by first drawing it on paper in a 
fairly large scale, and then making a negative of it, reduced photographically to the desired size 
of the finished perspectometer. A positive copy may now be made on a transparency plate, which, 
if bleached in a solution of bichloride of mercury, will show white lines on clear glass. For the 
sake of better preservation such perspectometer, when completely dry and hard, should be var­
nished. 

When using the perspectometer for transferring figures from their perspectives to the ground 
plan, when sach figures are situated in planes perpendicular to the picture plane but inclined 
against the horizon plane, the center of the perspectometer is placed upon the principal point P 
of the picture plane, the same as before, but the perspectometer is now revolved about P until the 
parallel lines of the same are parallel with the trace of the inclined (figure's) plane on the picture 
plane. In this case the trapezoids of the perspectometer represent the perspective of a net of 
squares situated in the inclined plane, the squares of which are now to be projected into the 
ground plane. 

This net of squarei:; in the inclined plane, when projected into the ground plane, will be com­
posed of rectangular figures of equal size, their long sides being in a direction at right angles to 
the picture trace (or ground line) and of a length equal to that which is intercepted between two 
adjoining radials of the perspectometer on the trace of the inclined plane (on the picture plane), 
while the short sides of those rectangles (forming the projection in the ground plan of the squares 
in the inclined figure's plane) will be equal to the lengths obtained on the ground line by project­
ing the points of intersection of the radials of the perspectometer with the inclined plane's trace 
on the picture plaue upon the ground line of the picture plane. 

The construction of the rectangular net on the grouud plan may now be made in an analogous 
manner to that mentioned for the sqriarei;, and the drnwing· in of the figure 011 the ground plan 
with reference to its position within the trapezoids of the perspectometer is accomplished in the 
usual manner. 

Should the figures be situated in planes that are iuclined to both the picture and the ground 
planes, then the figure is first projected upon a plane perpeudicular to the picture plane, and 
having the same trace in the latter as the inclined plane. 

YI. 'l'he penpectograph.-Numerous instruments have been devised for drawing perspectives 
from plans or from nature, mechanically, or by means of optical devices, some of which may 
inversely become of use for transcribing perspectives of figures into orthogonal projections. 

The perspectograph, invented by H. Ritter, serves to construct the orthogonal projection of a 
plane figure from its perspective, or to draw the perspective from the plans of the object witliout 
referring to the o~ject itself. 

Ritter's instrument, manufactured by C. Schrmder & Co., in Frankfort-on-the-Main, has been 
patented in Germany, October 13, 1883, under No. 29002. It was devised primarily for archi­
tectural purposes. 

This instrument in its present form, composed largely of wood, is not well suited for surveying 
purposes, as it contains too many sources of error due to lost motion in its bearings, still, its theory 
being sound, there is 110 reason to question its ultimate value, even for precise work, if it were 
carefully made by an expert mechanician ( excludi11g the use of wood and using metal throughout), 
being guided in its construction by the demands of the g1·eatest precision attainable. As a care­
fully constructed instrument based on the present pattern may become useful in platting the data 
of a topographic reconnaissance where, in the nature of the work, rapidity in making the results 
practically available is of greater importance than a high degree of accuracy, the following 
description of this instrument may not be out of place here. For its methods of use in photo­
topographic surveying we respectfully refer to Capt. E. Deville's work on "Photographic 
Surveying" already mentioned. 

We have seen (Chapter I) that the platted position of a point in the ground pla11 may be 
found from its perspective (in verti<1al plane) by locating· the point of intersection of the horizoutal 
projection of the ray: "station-pictured poiut" with the line of direction itself. (The latter with 
its vertical plane is revolved about the trace of the vertical plane in the ground plane (as axis of 
rotation) into the ground plane in which plane the point of iutersection is located.) 
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With reference to fig. 122 we have: 
S=-carnera station or point of view. µ=perspective (image) of a point M, to be platted in 

the ground plan. s =foot of the station S. XY =ground line of the picture plane (vertical) llfN . 
.ill= platted position of the point JI[ in the ground plane GG. 

If we draw through the foot of the station s a line parallel to the ground line XY, and make 
its lengths (S), equal to sS, join 
(S) and the platted point M, then 
it will follow from the similarity 
of the triangles OµM and sSM 
that: 

sS: Oµ =Ms: MO 

From the similar triangles 
s(S)ilf and O(µ)M we find 

s(8): O(µ) =Ms: MO 
hence 

.~(S) : 0(µ) = sS: 0µ 

Having made sS = s(S), the 
last equation can only prevail if 
0µ = O(µ). 

To find, therefore, the per­
spective 11 of a point M, given on 
the ground plan, we first draw a 
lines (S) through the platted sta-
tion in the ground plane parallel 
with the ground line X.Y, mak­
ing s(S) =height of the station S 
above the ground plane. Draw 
the lines sill and (S)ilf, which will 
intersect the ground line XY, in 

s 
9-----: --

F1G. I 2.'2. 

G 

0 and(µ), fig. 123. On the ground line X 1r 1
, drawn in another place of the working sheet, we 

assume a point 0', representing U of the ground plan, and erect oµ perpendicular to X' Y' in 0' 

Fie;. 12.3 

Q' Y' 

I 
M 

(Sl 
and make 0' µ = O(µ), when µwill be the per­
spective of Jlf in the reverse position of the 
perspective. 'fhe perspective of any other 
point, N, given on the ground plan may be 
found in the same way, making O'Q' = OQ 
and Q'v = Q(v). 

Ritter devised the perspectograph to per­
form tllis construction, illustrated in fig. 123, 
mechan i~ally. 

Fig. 124 illustrates the general arrange­
ment of Ritter's perspectograph. sM and 
(S)M =two slotted wooden arms carrying 

N the tracer, Jlf, at their point of iutersectiou. 
The connections at s, O, (S), and (µ) are 

such that the rulers sM and ( S)M may slide 
through these points. Tl!e slide connections, 
s and (S), may also be moved along the 
groove or slot of the wooden ruler RT. The 
sliding piece 0 is secured to a rod which in 

turn may slide in the groove of the wooden ruler XY, being connected at its other end D with a 
system of arms or levers joined together after the manner of a pantograph.. The distance OD 
is maintained unchanged while the instrument is in use. 
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The center of s is placed directly upon the point that marks the platted camera. statio1i on 
the ground plan. The ruler RT is placed parallel to the ground line of the picture plane, ands and 
RT are now secured in this position on the ground plan. 

When the arm sM is moved, s being held in a fixed position (to coincide with the platted 
station point), the point 0 will follow the motions of the arm sM, also applying its motion directly to 
the arm OD (which slides in the groove of XY) and indirectly to the arms of the pantograph 
system. 

The fourth sliding piece(µ), being connected with the joint A of the pantograph system by 
means of a separate piece, insures a permanently fixed distance between (µ) and A while the 
instrument is in use. 

The pantograph system is composed of six pieces: Four straight arms, AB, AO, Fµ, and F1-l' 
and two double arms or levers, ODE and BDG, which are bent at right angles at their points of 
junction D. The sides of the two parallelograms ABOD and DGFE are all of equal lengths, and 
the six arms are joined in A, B, O, D, E, F, and G. The arms Fµ and Fµ' are twice as long as the 
length of the side of the parallelograms. 

The pencil which describes the perspective may be attached to the free end of either arm 
Fµ or FJ.''· 

The angles GDB and EDO being each equal to 90°, the sum of the two other angles ODB 

and GDE must be equal to 180°, and as the sum of two adjacent angles in a parallelogram is equal 
to 1soo, it follows that 

or: 
CDB + GDE = GDB +DOA 

GDE=DOA 

This shows that the two parallelograms JPGDE and GDBA must be equiangular, and as their 
sides are equal iu length, the parallelograms themselves must be equal, and the diagonals FD and 
GE of the one are equal to BO and AD of thfl other, respectively. 

The two long arms F1-t' and Fµ being of equal lengths, µµ'will be parallel to GE, both will 
be perpendicular to the direction of XY, and µµ'will pass through }), We have, th~refore, 
Dµ' =Dµ= GE=DA. 

Use of the perspectograph.-The sliding pieces is secured to the 'vorking board, over the platted 
position of the camera station on the ground plan, still permitting a gliding movement of the arm 
sM in the direction sM (fig. 124). The center line of RT is brought into a position parallel to the 
platted ground line, and its position is also secured to the board. The sliding piece (S), finally, is 
moved from.~ (in the groove of RT) until s (S) is equal to the elevation of the station S above the 
ground plane, also securing (S) in this position, when it will still permit a gliding movement of the 
arm ( S) "1{ in the direction of ( S) Af. The center line of the wooden ruler XY is placed upon the 
ground line (picture trace) on the ground plan. 

The manipulation of the instrument and its general working will now readily be understood. 
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For instance, when the tracer Mis moved in a direction parallel to R1' or to XY, the arm 8ffl will 
move the slide OD in the same direction. The distance 0 (µ)remaining unc11anged-as long ass ( S) 
undergoes no change-(µ) A will also remain of a, constant length. Hence, AD and also GE, as 
well as D µ, undergo no changes, and the pencil in µ or in fl' will trace a line parallel to XY, 
representing the perspective of a line of the ground plan (the one traced by M) parallel to the 

I 
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I 

I 
I 

I 
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picture plane. 
Wheu Jlf is moved in the direction of sM, away from 

XY, the positions of 0 and D remain tho same, but Oµ 
will be lengthened, (µ) moves to the right, or away from 
O, carrying the point A with it (A (µ) being a constant 
length) and increasing the length of tlie diagonal .DA in 
proportion to the increase of the length of 0 (µ). DA 
being equal to GE= Dµ (Dµ'), the latter will also be 
lengthened, aud µ will be moved down, or away from 
XY, by the same amount as (µ) is moved to the right. 
The relation between the construction made in fig. 123 
and the mechanical platting by means of the perspecto­
graph will now be evident. 

VII. Professor Hauok's trilcolograph.-This instru­
ment has been described by Dr. G. Hauck in a memorial 

commemorating the opening of the new building of the Royal Te()hnical High School at Charlot­
tenburg, near Berlin, November 2, 1884. It serves to reconstruct an object from two perspectives 
of the same that had been obtained from two different points of view. 
. The principles which underlie tho construction of this instrument hold equally good for the 

construction of an instrument to be used for the mechanical platting of the ground plan of any 
object represented on two photographs obtained from different stations. 

In 1887, Prof. F. Schiffner already suggested the changes to be made to Dr. llauck's instrument, 
in order to render it available as an instrument of precision for tho use of the phototopographer; 
still it seems that mechanical diffi-
culties in its manufacture are yet to 
be overcome, as the writer bas not 
met with any record of such a per­
fected instrument having been either 
in use or even been constructed. 

In Chapter I it bad been shown 
that a point, A, photographed from 
two stations 8 and 8 1, may be platted 
in horizontal plan, if the two picture 
traces, gg and U1U1, and the two cam­
era stations, S and 8 1, are given on 
the horizontal plau, fig. 125. 

The two picture planes may be F"ic;.126 
revolved about their ground lines, gg 
and U1U1, into the ground or platting plane, when (a) and ( a 1) will be the two images of the point, A, 
revolved into the ground plane. If we draw lines through (a) aud (ai) perpendicular to the corre­
sponding ground lines gg and g1g1, then a' and a1' will be the (horizontal) projections of the picture 
points, a and a1, into the platting plane, and the intersection, A' ,of the radials Sa' an<l S1a1' will locate 
the positions on the vlatting sheet of the point A, pictured on the two plates as a and a1, respectively. 

This graphic determination of the platted position A' of the point A may be accomplished 
mechanically by placing slotted rulers with their center lines upon gg and g1gi, :fig. 126~ and 
indicating the directions of the perpendiculars, dropped from the pictured points (revolved into 
the horizontal plan) upon the ground lines, by two arms (a) he and a'b of a pantograph 
combination, where 

(a)b =be = a'b 
or 
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The points (a)a' and c will always be situated on the periphery of a semicircle described 
about b as the center, and, as the points c and a' are permanently held on the line gg, the angle 
(a.) a'c (angle of the periphery subtending the semicircle) will be equal to 90° for all inclinations that 
may be given (a)c against gg. The directions of the radials Sa' are laid down mechanically by 
means of two slotted rulers Sa' and S1a'h held in position by the studs in Sand a' (and 8 1 and a'1, 

respectively), both rulers being revolvable about tho fixed points Sand S. 
This instrument, of which the characteristic features are illustrated in fig. 126, performs the 

constructions mechanically that were made graphieally or geometricalJy in fig. 125. 
The slotted rulers gg and g1g1 are secured to the platting board (their center lines on the 

picture traces) by means of thumb tacks T. The pantograph arms (a) c-(a1)c1 - and a'b-(a'1) b1 -

are connected with these rulers by means of sliding joints c (and c1) and a' (and a1
1), while the studs 

which mark the stations Sand S1 end in cylindrical projections that fit into the slots of the rulers 
Sa' and S 1a 1

1, the latter fitting also over similar cylindrical attachments to a/ and a' 1, in such a 
way that the rulers Sa' and S1a'1 may freely ghde over the points Sand a' (or S1 and a'1) and at 
the same time may revolve about the fixed points Sand 8 1, respectively. 

'l'he points (a) and (a1) are provided with tracers, and a pencil slide is attached to the inter­
section of the rulers Sa' and S1a' 1 (in A') in such a way that the pencil point may freely slide 
either way in the grooves of Sa' and S 1a1

1• 

A comparison between the figures Nos. 126 and 127 will plainly show that A' will always 
represent the platted position of the point A, derived from its two images a and ( a1) (revolved into 
horizontal plan). Still, it may not always be possihle to identify both images of the same point on 
the two pictures, and, iu order to apply Professor Hauck's method to identify the second image 
(on the second photograph) by means of the so-called "kernelpoints," the instrument shown in 
fig. 126 should be modified in such a way that the point of the second tracer may always be upon 
the image (on the second picture) which corresponds to the point designated by the first tracer on 
the first picture (revolved into tlle ground plane). 

We had seen (Ohapter I) that the line connecting the image of any point A on the first picture 
with the image of the second camera station (with the kernelpoint (s1), fig. 127)-and the line -
connecting the image of the same point A on the second picture with the image of the first camera 
station (with the kernelpoint (.~), fig. 127)-will bisect the same point o of the line of intersection 
of the two picture planes. 

The picture planes being vertical, this line of intersection will be represented by the vertical 
line through the point[), of the ground plane (through the point of intersection of the two picture 
traces or ground lines gg and g1g1). The picture planes having been revolved about their ground 
lines as axes into the horizontal plane, this line of interaection, <J" D, also revolved into the ground 
plane (once about gg and once about g1g1) will appear twice in the platting plane, once as D( ff), 
perpendicular to gg in D, and again as D( <J"1), perpendicular to glg1 in .a. 

As the points (ff) and ( o1) represent the same point <J" revolved into the horizontal plane, once 
about gg and again about g1g1 as axes, the lengths (<J")D and (ff1)D must be equal. 

In order, therefore, that this instrument, fig. 126, may work in harmony with the principles 
that underlie Professor Hauck's method, it will have to be modified to fulfill the following 
conditions: 

A line drawn through the kernelpoint sh fig.127, and any point pictured on the first photograph 
and a line drawn through the kernelpoint sand Uie image of the same poiut on the second photo­
graph are to intersect the line of intersection of both picture planes in the same point <J", or the 
two lines revolved (with tbe picture planes) into the horizontal plane must bisect the revolved 
lines ( <J") [), and ( <J"1) .a (of the line of intersection of the picture planes) in points (tr) and ( tr1), both 
to be equidistant from D. 

The complete instrument, in a general way, is represented in fig. 127. The two slotted rulers 
(Jg and U1U1 of fig. 126 have been supplied with additional arms D( o) and .Q( ff1), each arm includ­
ing an angle of 900 with its ruler. These rectangular elbow pieces are secured to the platting 
board by four thumb tacks .T after the rulers 9D and gill had beeu placed with their center lines 
upon the picture traces gg and g1g1, respectively, in such a way that the intersections of the center 
lines of the elbow rulers (at the rectangular elbow ends of the rulers) coincide with the intersection 
.a of the b'Tound lines or picture traces gg and g1U1· 
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The pantograph arms, representing the ground lines of the pictures, are attached to the rulers 
the same as shown in fig. 126. Studs are inserted into the kernelpoints (81) and (8), and the arms 
11( <1) and 11( <11) support a ruler ( <1)( <11), which may glide freely over these arms of the elbow pieces. 
To cut off equal lengths by this ruler (<1)(<11) on the elbow arms 11(<1) and 11(<11), the angle d(<T)e 
is adjustable, and it should be regulated for each set of two picture traces to make: 

( <1)11 = ( <11)11 

When ( <1)d is moved along the slot of ( <1) 11 tbe slide point ( <11) will move along ( <11) 11, 11( <1) 
always being equal to 11 (<Ti). 

The screw d serves to clamp tbe angle d( o-)c for. any opening corresponding to the angle 

I 

' I 
I 
I 
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g11g1 included between the picture traces. Slotted rulers are now placed over the studs that 
mark the kernelpoints (81) and (8), their slots also receiving the cylindrical prolongations of the 
tracers (a) and (a1) and those of the slide points (<1) and (<11), respectively. To complete the 
instrument, two slotted rulers RS and R 1S1 are finally placed over the studs S and 81 (marking 
the platted positions of the two stations) and over the sliding joints a' and a' (which are the same 
as those in fig. 126). At their point of intersection .A' the sliding pencil point is inserted (into the 
slots of these two rulers), which finally completes this instrument as illustrated in fig. 1~7. 

If we now move the tracer (a} on the first photograph, the pantograph arms (a) o and ba' will 
change the position of the ruler SR (into the direction of the radial from S, to the horizontal 
projection, on tbe picture trace, of the pictured point designated by the tracer point (a) on the 
first photograph), and the ruler (a) (81) is moved, locating the point ( <1). 
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This change in the position of ( <r) produces a corresponding change in the sliding point ( <Y1), 

which in turn changes the position of the tracer (a1), causiug the pantograph arms (ai) Ci and b1a'1 

to move, and a change in the position of a'1 will cause the radial ruler R1S1 to assume a new posi­
tion also. The intersection of RS with the new position of R1S1 will locate the platted position in 
horizontal plan of the point under the tracer (a) on the first photograph, without having actua11y 
identified the corresponding image of the (same) point under the tracer (a1 ) on the second picture. 

If a line on either photograph is followed out by one of the tracers (a) or ( a1), the pencil point 
A.' will draw the horizontal projection of the line given in perspective (the second tracer being 
observed chiefly as a check or to aid the general working of the instrument by a gentle tapping 
when the movements of the various parts of the instrument are retarded by too much friction or 
lost motion). 

Until now no perfect perspectograph has been constructed, and, no matter how accurately 
such instruments, like the one just described, may be made by the mechanician, there will always 
remain some unavoidable imperfections in the material or in the workmanship of the instrument 
that will produce more or less error in the results. 

For accurate and precise work, therefore, the iconometric platting should be accomplished 
with the aid of graphic or geometrical constructions for all the control work of the survey, using 
perspective instruments only for filling in such details which, in an instrumental survey of a 
similar character, would be sketched in by the topographer. 
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