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ERRATA. 

Coast and Geodetic Survey Report .for I904. 

Page 187, seventeenth line from bottom of page, for" 1889" read" 1899." 
Page 191, fourth line from bottom of page, for "to" read "or." 
Page 201, twentieth line from top of page, for "223" read "199." 
Page 202, transpose names of vessels in lines 8 and 9 from top of page. 
Page 266, ninth line from bottom of page, for "Feland" read "Phelan." 
Page 266, sixth line from bottom of page, for" Feland" read "Phelan." 
Page 28o, eleventh line from bottom of page, for"--- C'c" read "+ C1c." 
Page 280, twelfth line from bottom of page, for "-Cc" read "+Cc.~· 
Page 287, fifth line from bottom of page, omit period between a and b. 
Page 308, line Irkulsk-Kansk, for" 33""' read" 34'"." 
Page 3u8, thirty-second line from top of page, opposite value for Vladivostok-Greenwich, add "and 

C~ertnan.'' 

Page 335, se\'enteenth line from top of page, for "Of" read "Cf." 
Page 350, twelfth line from bottom of page, for "So" read "90." 
Page 351, thirteenth line from lop of page, third column from right, for "5.87" read "I r.87." 
Page· 351, twelfth line fronr bottom of page, eighth column from right, for "-49" rea<l " -- 39." 
Page 375, fourteenth line from bottom of page, delete "approach." 
Page 386, sixth line from bottom of page, delete "scarcely." 
Page 388, twentieth line from top of page, for" III" read" IIIY,." 
On fig. 20, Appendix ::s'o. 5, 11orthern point of Scotland, for "X" read "IX." 
On fig. 22, Appenclix No. 5, near lower left-hand corner, for "2.9" read "12.9." 
On fig. 25, Appendix No. 5, insert a light line exten<ling from Cupe Trost to end of light line tangent 

to west end of ::s'oya Zembla, thence to Brady I., Franz Josef Land. 
On fig. <?6, Appendix ~o. 5, insert a light line extending across Smith Sound from Cape Ohlsen. 
Page 465, twenty-sixth line from top of page, third column from right, for "9.076" read "0.076." 
Page 481, twenty-ninth line from top of page, for " r 891" read "1893." 
Library slips, page (4), twenty-fifth line from top of page, for" Bauer, J. A.," read "Rauer, L.A." 



LETTER OF TRAKSl\IITT AL. 

DEPART:llENT OF CO!ll!llERCE AND LABOR, 
OFFICE OF THE SECRETARY, 

TVasliiugton, September I, I904. 

In compliance with the requirements of section 4690, Revised Statutes, I haYe the 
honor to transmit herewith, for the information of Congress, a report transmitted 
to this Department by Mr. 0. H. Tittmann, Superintendent of the Coast and Geodetic 
Sun·ey, showing the progress made in the work of the Survey during the fiscal year 
ended June 30, 1904. It is accompanied by maps illustrating the general adyance m 
the operations of the Survey up to that date. 

Respectfully, V. H. METCALF, 
SecrcfmJ'· 

The SENA'l'E AND HOUSE 01' REPRESENTATIVES. 
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LETTER OF SUBMITTAL. 

DEPART:\UWT OF COllil\!ERCE AND LABOR, 
COAST AND GIWDETIC SURVEY, 

F7ashingfon, September 1, 1904. 

Srn: In conformity with law and with the regulations of the Department of Com
merce and Labor, I have the honor to submit herewith, for transmission to Congress, 
the annual report of progress in the Coast and Geodetic Survey for the fiscal year 
ended June 30, r 904. It is accompanied by maps illustrating the general advance in 
the field work of the Survey up to that date. 

Respectfully, 0. H. 1'1TTllIANN, 

The Honorable the SECRETARY OF COMMERCE AND LABOR. 
Supcrintcndcnt. 
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REPORT OF THE SUPERINTENDENT. 

0. H. TITTMANN, Superintendent. 
FRANK w ALLEY PirnKINS, Assista11t Superintendent. 

OIIJo'ICE OF THE SUPHRINTENDENT. 

\V. R. Chilton, Clerk. 
H. ::.\1. Fitch, Clerk. 

Charles Over, .lllesse11ge':. 

THE WORK OF THE VEAR. 

It is gratifying to announce the completion of the determination of the difference 
of longitude between San Francisco, Cal., and Manila, P. I., thus connecting the 
longitude circuit around the earth. This work was made practicable by the generous 
cooperation of the officers of the Commercial Pacific Cable Company, who placed their 
cables and operators at the service of the Sunrey, during the short periods needed 
for the transmission of time signals between the stations for comparison of chronometers. 
Incidental'ly, during the progress of this work, the longitude of Honolulu, Hawaii; 
of Midway Island; and Guam Island were determined. The details of this work are 
given in Appendix 4. 

The triangulation along the ninety-eighth meridian was extended toward the 
north and toward the south from the portion already completed, the total extension 
amounting to 500 kilometers along the meridian, and the work was in progress at the 
close of the year. 

The location on the ground and marking of the boundary between Alaska and the 
British possessions, as la{d down by the Alaska Boundary Tribunal, was inaugurated 
under the direction of the Department of State by the Superintendent as Commissioner 
of the United States, in cooperation with the Commissioner of Great Britain. 

The various operations of the magnetic survey of the country show a gratifying 
progress during the year. The determination of the magnetic declination, dip, and 
intensity was made in, 327 localities, embracing 367 stations distributed o\·er 24 States 
and Territories, and 2 foreign countries. An extensive investigation was made of the 
marked local disturbances in the Yicinity of Juneau, Alaska, 45 stations being occupied 
for thh; purpose. In cooperation with the Louisiana geological survey, the magnetic 
survey of that State was completed. Effective cooperation was secured with an 
expedition sent to the Bahama Islands by the Baltimore Geographical Society, and 
valuable results were thus obtained without expense to the Survey. 

II 
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Excellent progress was made in securing magnetic observations at sea during the 
voyages of the ships of the Survey to and from their fields of work. In the Atlantic 
and Pacific oceans 92 results of magnetic declination and 33 results of magnetic dip and 
intensity were thus obtained, nearly all of them derived from complete swings of the 
ships, forward and back. 

Continuous records of the variations of the magnetic elements were secured 
throughout the year at five magnetic observatories situated at Cheltenham, Md.; 
Baldwin, Kans.; Sitka, Alaska; near Honolulu, Hawaii; and Vieques, P. R. During 
the year a large number of magnetic storms were recorded, the most remarkable one 
occurring October 31-November 1. 

It is interesting to note that within this year a bureau of international research in 
terrestrial magnetism was created by the Carnegie Institution of Washington, with an 
officer of the Survey, the inspector of magnetic work, in charge as director. 

A continuous record of tide observations with self-registering gauges was obtained 
during the year at 8 stations, including 1 station in Hawaii and 1 in the Philippine 
Islands, and for a portion of the year at an additional station which was established on 
the Gulf of Mexico, at Galveston, Tex. 

The electric tide indicator installed in the Maritime Exchange at Philadelphia 
continued to give satisfaction. A similar apparatus was installed during the year in 
the Maritime Exchange at New York. 

The tide indicators, established for the use of mariners in New York Harbor, in 
the Delaware River at Reedy Island, and in San Francisco Bay continued in operation 
during the year. 

Compass deviation ranges were established by marks.placed on the inner Delaware 
Breakwater, which will prove of great value to shipping, as any vessel can now deter
mine the corrections to her compass while swinging at anchor in the National Harbor 
of Refuge. 

The field work necessary for the revision of two volumes of the United States Coast 
Pilot, covering the coast from Point Judith, Rhode Island, to Chesapeake Bay entrance, 
Virginia, was completed. 

Hydrographic surveys were made in r6 States and Territories; topographic sur
veys in 9; triangulation in 14; and leveling in 6. 

The primary triangulation along the Pacific coast north of San Francisco was 
c01itinued. 

In Alaska, a survey was made of Davidson Inlet, work was continued in Prince 
William Sound, and two vessels were dispatched to make a survey of Kiska Harbor, 
Aleutian Islands. 

In Porto Rico, hydrographic work was continued in the harbors and bays and 
offshore. 

The director of coast surveys in the Philippine Islands, an officer of the Coast and 
Goedetic Survey (with a detail of assistants), in cooperation with the insular government, 
has continued the important work of charting the imperfectly known waters .of the 
archipelago. The largest vessel belonging 'to the Survey was engaged on this duty 
during the entire year. 

Detached surveys based on astronomic determinations and including base measure
ment, triangulation, topography, hydrography, and tide observations were made at 
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various points, and a connected triangulation already extends over the greater portion 
of the \yest coast of Luzon Island north of Manila Bay. Two additional telegraphic 
longitudes were determined; magnetic and tide observations were continued. Fifteen 
new charts were prepared and published at the Manila suboffice, and four volumes of 
sailing directions (includii1g new editions of Parts I and II) were published. 

In the Office the current work was kept up to date and satisfactory progress mts 
made in the \·arious branches of its work, including computation, reduction, plotting, 
and discussion of results of field work, and the preparation of the results for publication 
by chart or otherwise. A considerable amount of work was clone for the Department 
of State in connection with the preparation of maps of the Alaska boundary for 
publication. 

Satisfactory results were obtained during the year at the latitude observatories 
maintained under the direction of the Superintendent at the expense of the Interna
tional Geodetic Association, at Gaithersburg, Md., and at Ukiah, Cal., for the purpose 
of measuring the variations of latitude. 

I attended the Fourteenth General Conference of the International Geodetic Asso
ciation at Copenhagen, Denmark, as the delegate of the United States, and continued 
the work of re-marking the boundary line between the United States and Canada from 
the Rocky Mountains westward, as Commissioner of the United States, two officers of 
the Survey being detailed for work in the field. I was detailed to report to the United 
States agent at London, England, for duty in connection with the presentation of the 
case of the United States to the Alaska Boundary Tribunal, and performed that duty. 
Another officer of the Sun'ey was also detailed on this duty. As Commissioner of the 
United States on the International Delimination Commission, I inaugurated the wor~ 
of marking the boundarj\ between Alaska and Canada as laid down by the Alaska 
Boundary Tribunal, and one officer was detailed for work in the field. 

One officer continued on duty as a member of the Mississippi Ri\·er Commission. 
The survey of Mason and Dixon's Line, the.boundary between the States of Maryland 
and Pennsylvania, was completed and progress was made in the preparation of the 
report and maps showing the results of the work. The survey of the natural oyster 
heels and reefs in the State of Louisiana was continued in cooperation with the Louisiana 
Oyster Commission by an officer of the Sun•ey detailed for this purpose. One officer 
remained in charge of the triangulation of the city of New York, which is in progress 
hy the city authorities. Officers of the Sun•ey with their vessels were called upon 'to 
patrol racing regattas upon three occasions and performed this duty to the satisfaction 
of the parties concerned. An exhibit was prepared and installed at the Louisiana 
Purchase Exposition at St. Louis, and an officer was assigned to duty in charge of the 
exhibit. 

The amount appropriated for the Coast and Geodetic Survey for the fiscal year 
1904 was $968 025,* of which $210 245 was for manning and equipping the vessels of 
the Survey, f,120 ooo for building a new vessel, $38 100 for repairs and maintenance of 
vessels, and $50 ooo for office expenses. The remainder. of the appropriation was 
about equally divided between expenses of parties in the field and salaries of the field 
and office forces. 

----·--·----
*Exclusive of appropriation for printing. 
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In addition to the above sums the appropriations of $100 ooo for marking- the 
boundary between the United States and Canada, west of the Rocky Mountains, and of 
$100 ooo for locating and marking the Alaska boundary are disbursed by the disbursing 
agent of the Coast and Geodetic Survey, under the direction of the Superintendent as 
Commissioner. 

Details in regard to the field work of the year are given in Appendix 1. 

I. OFFICH OF ASSIST ANT IN CHARGE. 

ANDREW BRAID, Assisla11! in Charge. 

The Assistant in Charge has direct supervision of the work of the divisions of the 
Office, as follows: 

Computing Division. 
Division of Terrestrial Magnetism. 
Tidal Division. 
Drawing and Engraving Division. 
Chart Division. 
Instrument Division. 
Library and Archives DiYision. 

He also has charge of the purchase of supplies and of all other expenditures for 
office expenses, the care of the public property at the Office, the distribution of the 
publications of the Survey distributed free, and of the sale of the Charts, Coast Pilots, 
and Tide Tables published by the Survey. All the routine work connected with the 
aboye duties was done under his direction by the employees in the Office. Details in 
regard to all of this work are given in Appendix 2 to this Report by extracts froni the 
report of the Assistant in Charge and by a compilation from the reports of the Chiefs 
of Divisions. 

II. OFFICE OF INSPECTOR OF HYDROGRAPHY AND TOPOGRAPHY. 

H. G. OGDEN, Inspector. 

I Name. 

!--------· 
D. B. Wainwright. . _ ....... . 
P. A. Welker .............. . 
J. M. Griffin ............... . 
R. D. Chase ......... - ... - .. 

A .-Inspection. 

I'crson11cl. 

·--. ----------
Occttpati011. 

Assistant; July I to Apr. 8. 
Assistant; Aug. 17 to Sept. 24. 
Clerk. 

Do. 

The routine duties of the Office were kept up to date. The work of the parties in 
the field was inspected whenever necessary, and numerous trips were made in connec
tion with the repair and 1i1aintenance of the surveying vessels. In the latter part of 
April the Inspector went to San Francisco to direct the repairs to the steamer Patterson, 
and remained there until June IO. During the absence of the Inspector, Assistant 
Wainwright acted as Inspector while he was on duty in the Office, and from April 10 

to June 20 Assistant Gershom Bradford was Acting Iuspector. 
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During the year plans and specifications for a new wooden steamer were prepared 
by Mr. L. B. Frienclt, a naval architect, under the supervision of the Inspector. The 
contract for the construction of the vessel was approved by the Secretary of Commerce 
and Labor on !\larch 26, 1904, and the work was in progress on June 30. 

The office work of the Coast Pilot party is under the direction of the Inspector, 
and the details of this work are given under the heading '' B.-Coast Pilot party.'' 

In his report, Assistant Ogden states that the officers and clerks under his direc
tion have rendereci most cordial and efficient assistance throughout the year. 

TI-IE \"ESSELS A::s'D '!'HEIR HYDROGRAPH!t; \YORK. 

Assistant P. A. \\'clkcr, Commanding. 
Assistant J. B. Boutelle, Comman<ling. 

At the beginning of the year this vessel was at Baltimore, ::Vld., fitting out for a 
cruise 011 the coast of :'.\Iaine, for·which she sailed on August 13. En·route an exami
nation was made for a reported shoal in the vicinity of the \Vintcr Quarter-Shoal, and 
magnetic observations were made during the trip and at Delaware Breakwater. The 
work of the season included examinations for a number of reported changes and 
dangers and their determination, on the coast of 1\fainc, Massachusetts, and off Sandy 
Hook, and the season finally closed at the latter place, the vessel sailing for Baltimore 
from New York on November 25. On her arrival at Baltimore she was fitted out for a 
season's work in Porto Rico, and sailed for San Juan on January 27. Her work for the 
season included the continuation of the hyclrography of Porto Rico on the west coast 
and extended from Point Guanajibo southward to Cape Rojo. A shore party in charge 
of Mr. J. C. Landers, Aid, worked under the directions of the commanding officer of the 
Bache, using the launch Rud)', and made the survey of Boqueron Bay and also the 
inshore hydrographic survey off Cape Rojo. On the completion of this work on the 
west coast, the Bache sailed for San Juan and made a hydrographic reconnaissance of 
the entrance to Sau Juan Harbor, at the request of the War Department, and, on finishing 
that work, sailed on May 28 for Baltimore, Mel., via Hampton Roads. At the close of the 
year she was at Baltimore, Md., fitting out for her season'swork on the coast of Maine. 

TllF. S'fF.AMllR l!LAKE. 

Assistant R. J,. Faris, Commanding. 
Assistant E. B. Latham, Commanding. 

At the beginning of the year this ship was at Norfolk, Va., fitting out for her 
season's work on the :New England coast. She sailed on August 6 for her working 
grounds in Buzzards Bay, Massachusetts, where she continued the development of shoal 
spots in the bay which was left incomplete last season. En route from Baltimore 
an examination for a reported shoal off Winter Quarter Shoal and the usual magnetic 
observations were made. In the latter part of August the work in Buzzards Bay was 
suspended and the party took up an examination of the waters eastward and southward 
of Nantucket Shoals. On the completion of this work, the party was engaged in 
examinations for reported dangers and shoals until the close of the season. She sailed 
for Baltimore on October 22, where she was fitted out for her winter's work in Porto 
Rico. Owing to unforeseen delays and especially to an accident in the yard where 
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she was being repaired in which she was seriously damaged, she did not sail for Porto 
Rico until March 5. During the season she made a number of special examinations, a 
development of the passages off the north and east coast of Porto Rico and in Vieques 
Sound, and verified a portion of the work done by the schooner J:.'agrc in that locality. 
Work was closed and she sailed for Baltimore, via Hampton Roads, on June 2, and at 
the close of the year was in the hands of the contractors undergoing repairs and fitting 
for-her summer's work on the New England coast. 

THE SCHOONER !•:AGRE. 

Assistant J. B. Boutelle, Commanding. 

At the beginning of the year this vessel was laid up at Bp.ltimore, and on July 3 r 
she was sold to the Navy Department. 

THE STEAMER ENDEAVOR. 

Assistant F. A. Young, Commanding. 

At the beginning of the year this vessel was at work making a survey of the 
Kettle Bottom Shoals in the Potomac River. 1'his work was interrupted from July 
6 to 12, when she went to Norfolk for some minor repairs, and also when assigned 
to patrol duty for the regatta on the Potomac at \Vashington on September r 2, and was 
suspended for the season on November 8, when she sailed for Baltimore, Mel., to fit 
out for a season at Key \Vest, Fla. She sailed on February 2, via Fort l'vlonroe, and 
during the season made a close survey, using the harbor sweep, of an area about 2 

miles square, southwest of the Key West Light. \Vork in this locality was closed and 
the vessel sailed for Port Royal, S. C., on June 5, where the position of the new Hilton 
Head Front Range was determined and a line of soundings run to determine the 
deepest water over the range. On completing this work, the vessel sailed for 
Baltimore, on June 17, and at the close of the year was still at Baltimore making 
arrangements to fit out for a season's work on Nantucket Shoals. 

THI;: STEAMER GIWNEY. 

Assistant E. F. Dickins, Commanding. 

At the beginning of the year this vessel was fitting out for her summer's work in 
Alaska, sailing for her working grounds on July 1 2. En route, she made a determina
tion of the new Mary Island Light-house, and examined and located a rock at the 
southern entrance to Tongass Narrows. During the season she took up the survey, 
including the triangulation, topography, and hydrography, of the approaches to 
Davidson Inlet, Iphigenia Bay. Work was closed and the vessel started for San 
Francisco, Cal., October 10. The launch Cosmos and launch No. r 17 were assigned 
for the use of the party on the Gcd1ze)1 during the season, and at the close of the season 
were left in the Survey storehouse on Japonski Island. After the return of the vessel 
to San Francisco, on November 17, she was put out of commission and laid up in 
Oakland Creek in charge of shipkeepers. On April 16 she was again put in commission 
and fitted for her summer's work, sailing on May 8. En route, she completed the 
survey in San Juan Channel, Washington, which had been started by a shore party 
under Assistant Dickins, and made an examination for a reported shoal spot on Hein 
Bank. She sailed on June 6 from Seattle and continued the work of the previous 
season in Iphigenia Bay, and was so engaged at the close of the year. 
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THE STEA::\l.E;R HYDROGRAl'Hl.;R. 

Assistant \V. I. Vinal, Commanding. 
Nautical Expert John Ross, Commamling. 
Ai<l "'· E. Parker, Commanding. / 
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At the hegiiming of the year this vessel was at Baltimore, Md., and sailed for Port 
Jefferson, L. I., for repairs on July 18. On the completion of the repairs, August 18, 
she sailed for Jersey City, and on August 24 the party 011 board took up the field 
redsion of Parts IV and V of the Atlantic Coast Pilot. By direction of the Secretary of 
Commerce and Labor, this work was suspended and the vessel and party were assigned 
to patrol duty during the regatta of the New York Bay Regatta Association 011 the Kill 
von Kull on August 29 and again on September 2, after which she resumed her regular 
field work. OJ1 November 4 she sailed for \Vashington, and on November 21 sailed for 
Hampton Roads, where she was fitted out for a season at Key West, Fla., and sailed on 
December 1. During the season she was engaged in a close development of the Sand 
Key and Southwest channels with the harbor sweep, and special examinations for 
reported clangers in Key \Vest Harbor. On the completion of this as.'iigmnent she pro
ceeded, on June 10, to St. Catherines Sound, Georgia, and made a development of the 
channel at the entrance to the sound, which was completed by the close of the year. 

THH SCHOONr;R MATCHI.J>SS. 

Assistant G. L. Flower, Commanding. 
Assistant \V. I. Vinal, Commanding. 

At the beginning of the year this vessel was engaged in the survey of the Severn 
River, Maryland, and on July 27 sailed to take up work on the West Rh·er and Eastern 
Bay, including a reconnaissance of a portion of Chesapeake Bar in that Yicinity. This 
work was finished and the \'essel sailed for Baltimore on Orto her 15, and, after some 
minor repairs, proceeded to her working groi111ds in the Little Choptank River, on 
October 31. Work in this locality was suspended in April and she sailed for Alexandria, 
\Ta., to make a hyclrographic survey of the Potomac RiYer, beginning at \Vashington 
and ''"orking down the river. She was engaged on this work at the close of the year. 

'fHE STHAMER l\ICARTIIUR. 

Assistant H. P. Ritter, Commanding. 

At the beginning of the year this vessel was laid up in Oakland Creek, California, 
and was not put in conunission until April 25, when she was fitted out for a season's 
work at Kiska, Alaska. She sailed from San Francisco on May 19 and reached Kiska 
on June 30. 

THE STEA::\IER l'ATHFINDJ.m .. 

Assistant J. J. Gilbert, Commanding. 
Assistant F. \Vestdahl, Connnanding. 

At the beginning of the year this vessel was at Hongkong undergoing repairs, and 
sailed for Manila on July 3. On July 15 she started a line of deep-sea soundings from 
a point off Lingayen Gulf to a point northeast of the island of Formosa, and returned 
to Manila on the 30th, after completing this work. She sailed for Lagonoy Gulf on 
August 11, completed the survey of the gulf, and returned to Manila on October 30. 

10277-04--2 
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After making surveys in ::\fanila Bay she sailed on March 8 for Salomague for hydro
graphic work on the northwest coast of Luzon, and on the completion of the season 
sailed for Hongkong on May 28 for repairs and remained there until the close of the 
year. 

THE STEA:>.!ER PATTERSON. 

Assistant J. F. Pratt, Commancling. 

At the beginning of the year this vessel was engaged in running a line of deep-sea 
soundings from Juan de Fuca Strait to Sitka Sound, arriving at Sitka on July 3. This 
work was undertaken at the request of the Chief Signal Officer, United States Army. 
She left Sitka on the 7th and continued the deep-sea soundings to the entrance to 
Chatham Strait. She sailed for Juneau on the 17th to deliver the results of the sound
ings to the chief signal officer on the U. S. S. Burnside (cable ship) and started on her 
return to Sitka on the 19th, via Icy Strait and Cross Sound. She left Sitka on the 
27th and continued the deep-sea soundings as far as Cape St. Elias. She then took up 
the survey of Controller Bay, which was continued until September 19, when this work 
was stopped and the vessel sailed for Orea, continuing the deep-sea soundings from 
Cape St. Elias into Prince William Sound. She left Orea for Dutch Harbor on Sep
tember 23, en route for Kiska Island, Alaska. After her arrival at Dutch Harbor on 
the 29th it developed that one of the furnaces to the boiler was so seriously damaged 
that it was necessary to return to Seattle, \Vash., for repairs, and she sailed on October 
10, arriving 011 the 20th. New furnaces were installed and the vessel sailed for Hono
lulu, Hawaii, on March 30. About 800 miles out the furnaces again became disabled 
and she returned to San Francisco, Cal., arriving there on the 17th of April. Two 
new furnaces were again installed and the vessel sailed for Kiska, via Dutch Harbor, 
on June 10. 

The schooners Quiel~, SPJ', and Transit were laid up during the entire year at 
Madisonville, La., in the charge of a ship keeper. Some slight repairs were made to 
the Transit during the year. 

'fHE STEA:l!l!;R TAKU. 

Assistant II. P. Ritter, Commanding. 

At the beginning of the year this vessel was on her working grounds in Prince 
\Villiam Sound, and on September 30 was laid u1~ in charge of a ship keeper at Orea, 
where she was at the close of the year. 

The steamer Yukon, together with the launches Alpha and Delta, have been laid 
up during the entire year at Dutch Harbor, Alaska. 

The launch Cosmos was assigned as a tender to the Gcd1ll'J' during both seasons in 
Alaska, as was also Launch No. r r 7, and during the interval between seasons was laid 
up in the Coast Survey storehouse on J aponski Island. 

The launch Fuca was sold on January 12, 1904. 
The launch Inspector was assigned to the party of Mr. C. G. Quillian, Aid, on the 

Hudson River and afterwards on the coast of New Jersey. At the close of the year she 
was laid up at Atlantic City, N. J. 



REPOR'f OF THE SVPERINTENDENT. 

The launch Rudy at the beginning of tl;e year was laid up at Mayaguez, P. R., 
ancl during the year was usecl by the party of Mr. J. C. Landers, Aid, already referred 
to tmder the steamer Badie. At the close of the year she was stored at Mayaguez, P. R. 

R.-Coast Pilot party. 

:"\amt'. 

John Ross ................ . 
H. C. GrnYes .............. . 
II. L. Fon! ....... . 
R. L. Libby .... . 
T. 0. Pulizzi ................ i 

I 

l~-rso1111d. 

:-.;autical Expert. 
Do. 
Do. 

Ckcupatio11. 

Aid; Oct. 21 to No\'. 11. 
\\Triter. 

The preparation of the following publications was completed and the volumes were 
published during the fiscal year. 

United States Coast Pilot, Pacific Coast, California, Oregon, and Washingtm1. 
United States Coast Pilot, Atlantic Coast, Part III (second edition), Part IV 

(fourth edition), and Part V (third edition). 
Supplements to United States Coast Pilots, Part VI (second edition), Part VII 

(second edition), and Part VIII (second edition). 
Supplement to United States Coast Pilot, Pacific Coast, Alaska, Part I. 
Coast Pilot ~otes on \Varren Channel and Davidson Inlet, Alaska. 
Bulletin ~o. 40, Coast Pilot Kotes on the Fox Island Passes, etc. (fifth edition). 
Information for use in the field in revising Parts IV and \T, named above, was 

prepared. 
Lists of geographic names for charts covering the coast of Alaska were compiled, 

and also a list of the harbors in the Philippine Islands. Information was collected and 
arranged for use in compiling Coast Pilots for Alaska and for Porto Rico. The usual 
routine office work of keeping a record of all changes, reported clangers, hydrographic 
examinations, new information, and other data necessary for the correction, re\"ision, _ 
and compilation of the Coast Pilots, was kept up to date. 

The correction of all Coast Pilot volumes by hand to date of issue from the office 
required a considerable portion of the time of the party. 

The following members of the party were absent on duty in the field for the periods 
covered by the elates given, and the account of their work in the field is giyen under 
the proper heading in Appendix r. 

John Ross, :-.;autical l':xpcrt, August 2I to November 16. 
H. C. Craycs, Nautical Expert, August 31 to November 12. 

T. O. Pulizzi, \Vritcr, October 1 to November 12. 

During the absence of Mr. Ross on field duty Mr. Ford had immediate charge of the 
work in the office. The demand for Coast Pilots showed a marked increase during the 
fiscal year. 
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III. OFFICE OF INSPECTOR OF GEODETIC WORK. 

J. F. HAYFORD, Inspector. 

The duties of the Inspector of Geodetic Work were performed at the Office in 
Washington, except for the period between July r6 and August 12. The Inspector 
left Washington on July 16 and proceeded to Green Rh·er, \Vyo. He spent one day 
with each of the leveling parties at work in this vicinity under charge of Aids H. D. 
King and R. L. Libby. He then inspected the primary triangulation party, under 
charge of Assi8tant O. W. Ferguson, at work on the triangulation along the 11i11ety
eighth meridian in the vicinity of Lake Preston, S. Dak. Several clays were spent 
watching the observations. Six clays were spent with Assistant \V. H. Burger, 
who was engaged in extending the reconnaissance for triangulation in ::Vlinnesota. 
\Vhile with the triangulation party a 60-foot wooden observing tripod was tested by 
observations made on distant objects to ascertain how much twist should be expected 
in such tripod from the action of the sun. The Inspector also visited the work on 
the Lake Sun·ey in the vicinity of Mackinac Island, Mich., to obtain infonnation in 
regard to the iron signals (observing tripods and scaffolds) erected there as a substitute 
for wooden signals. These iron signals were designed by Asst. Engineer H. F. Johnson 
with a view to their use at other stations after having served their purpose where first 
erected, and they are constructed of sections of gas pipe with iron rods to sustain all 
tension strains. The examination was made for the purpose of determining whether it 
was desirable or practicable to use such signals at the triangulation stations of the 
Coast and Geodetic Survey. As at present advised the cost of using these iron signals 
would about equal the present cost of the wooden signals now being used on the 
ninety-eighth meridian where new lumber is purchased as near as practicable to the 
stations where it is to be used and the signals are abandoned after they have served 
their purpose. As a result of the inspection of fieldwork, as above, the Inspector keeps 
in closer touch with the work and observers, and the value of his recommendations to 
the Superintendent is correspondingly increased. 

During the remainder of the year the necessary supen·ision was exercised by a 
careful examination of the correspondences with field parties and of the records of 
observations sent to the Office from time to time, and hy an inspection of the computa
tions and results. 

IV. OFFICE OF INSPECTOR OF ~IAGNETIC WORK. 

J,. A. BAl:ER, Inspector. 

The duties performed by this Office during the past year consisted, as heretofore, in 
the following: Inspection of field and observatory work in terrestrial magnetism; the 
preparation of the necessary directions and information required by the various parties 
and ships engaged in magnetic work; examination of the observation records received; 
the controlling of the constants of the various instruments employed, and the testing 
and derivation of constants of newly acquired instruments. 

The Inspector personally inspected the work of the field parties operating in ::-.rew 
Jersey, Louisiana, and South Carolina, and at various times the observatory work at 
Cheltenham, Md. 
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The entire activity of the Survey in magnetic work during the fiscal year may be 
summarized as follows: 

A'1ag11clic worl~ on land. -The determination of the magnetic declination, dip, and 
intensity in 328 localities, embracing 368 stations distributed over 24 States and 
Territories and 2 foreign countries, as exhibited in the table. 

Special mention should be made of the extensi,·e examination of the marked local 
disturbances in the vicinity of Juneau and Douglas Island, Alaska, about 45 stations 
having been occupied for this purpose during July and August, 1903. 

Successful cooperative work with .the Louisiana geological survey was carried on, 
so that with the valuable assistance rendered by the State geologist, Dr. G. D. Harris, 
the magnetic survey of the State was completed. 

Effective cooperation was secured with the expedition to the Bahama Islands sent 
by the Baltimore Geographical Society under the leadership of Dr. G. B. Shattuck. 
A complete instrumental outfit was loaned by the Coast and Geodetic Sttr\'ey, but all 
expenses incurred in securing the observations were defrayed by the expedition. 
Important results were obtained by the observer, Dr. 0. L. Fassig, at six stations. At 
two of the stations results had been predonsly obtained, so that the secular change 
can be deduced. 

~'·:11111mmy o.f 111ag11clfr work done bctwec11 Ju~v I, I903, and J1111c 30, I90.; . 

Htalc. ~ 
.. -. :.11111!".< of: :-lum~~rof I Ol<lt·;~:;~;i--, D~l~:ua- !-----::---: !11tc11sitv 

; locahttes. stnt1ons. reoccupied, . ohscn!ecl. ! obser\'ed. 1 ohservc<l. 

!------1____ 1--------- ----·- ·----!----
Alabama .............. ... 8 8 I 8 8 ' 8 I 

Alaska ........... 40 66 5 65 50 39 j California .... ··--·· ...... 6 6 3 6 6 6 
Delaware .... , ........... 0 

I 
I 0 0 

District of Columbia ...... 2 2 I 6 8 7 
Georgia ...... ·---·· ... . . . 2 2 0 I 2 2 2 
(}untn .. . . . . .. . . . . . . . . . ... 6 6 0 : 9 () 

Hawaii ......... . . . . .. . ... 6 7 4 7 I 
Kansas ................... 5 5 2 I IO Ill 8 
Ken.t~cky '. ............... 37 38 2 I 38 37 37 
Louisiana ................ 50 51 5 56 51 i 51 
Maine ......... ........ 2 2 2 2 I 2 
;\1aryland ............. ... i 4 8 3 4 7 i 3 
Massachusetts ......... . . . 1 I I 0 I I 

Missouri .............. 13 13 I 13 12 13 
Montana ......... .. . . . . . 7 7 2 6 7 7 

' New Jersey ... . . . . . . . . . .. ' 28 31 II 32 29 29 
North Carolina ........... I I I I 
Ohio ... 40 41 I 44 i 43 43 .................. 
Philippine Islancls ......... 6 6 0 6 2 2 
}:'orto Rico ................ 7 8 5 12 12 12 
South Carolina ......... ... 14 16 4 18 18 18 
Tennessee ................ 32 32 2 33 33 33 
\Vashington ... . . .. . .. . ... 3 3 2 4 4 4 
Bahamas . . . .............. 4 6 2 5 4 3 
British Columbia .......... ! 

1 __ 
·--- ·-------

Total ................. 328 368 59 390 i 349 33° 

A'1agnetic w.ork at sea.-Observations were secured by the various ships as follows: 
The Bache on her cruise from Baltimore to the coast of Maine last summer obtained 

declination observations by swinging completely through 16 equidistant points of the 
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compass torward and back, at Delaware Breakwater (twice), off Gayhead, :Mass., Johns 
Bay, l\'Ie., Bar Harbor, :'.\1e., and :Kew York Harbor. Also some intermediate compass 
obsen·ations were made on and near the ship's course. 

During the winter she was provided with a gimbal stand and a Lloyd-Creak dip 
circle for ship and shore work. On her cruise from Baltimore to Porto Rico and return 
she was swung completely, securing the three· magnetic elem en ts (declination, clip, and 
intensity) going and returning, at Norfolk, \'a., at Mayaguez, P. R., and also at six 
intermediate places at sea. 

The /Jla/.:c on the cruise last summer from Baltimore to Buzzards Bay, ::VIass., swung 
ship completely for compass deviations and declination, twice at Hampton Roads, three 
times in Buzzards Bay, and once in Chesapeake Bay. During the last swing in Buz
zards Bay and the one in the Chesapeake observations of dip and intensity were also 
made with the Lloyd-Creak dip circle. Some observations were also made at sea on the 
return trip from the New England coast to Baltimore. On the trip to Porto Rico and 
return she was swung completely, securing declination, dip, all() intensity observations 
in the Chesapeake (at the mouth of the Patuxent River), at Korfolk (going and return
ing), at Fajardo Roads (twice), and at seven intermediate places at sea. 

The Endeavor swung ship completely at Fort Monroe for compass cle\·iations and 
declination, and made some compass observations between Norfolk and Key \Vest. · 

The GcdnCJ' made some compass observations on a range course in Gastineau Channel, 
Alaska, to assist in the further development of the local disturbances existing in that 
locality. She also swung ship completely at San Francisco for compass deviations and 
declination. 

The l-f.ydrograp!1er swung ship completely for compass deviations and declination in 
the Chesapeake, at the mouth of the Potomac River, and at Key \Vest, Fla. 

The JfcArtlrnr swung ship completely for compass deviations and declination at 
San Francisco, Sitka, and Dutch Harbor. 

The Patterson swung ship in Sitka Bay, Alaska, for compass deviations and decli
nation. During the winter she was pro\·ided with a gimbal stand and Lloyd-Creak clip 
circle. She was swung completely at Port Angeles, Wash., and twice at sea, and at 
San Francisco, securin!{ compass deviations, declination, dip, and intensity observation"·· 

.s·ummar.y r:l magnetic work done at sea bdwcnt ju(J' I, I 903, and June 30, I90/. 

··--------------------

[ 
: Ohscn·ations from 

~um- · swings. 
oLservations on and 

near course. 

Vessel. General n:giou. her of -- ---- -----
swings. ll<'"ll·-1 I I .... Dip. 1 lntcn- Decli- If , Intcn· ; 

I 'ity. 1 nation.o ip. I sity. I nation. 
i ---------- -·· I ·----l-,-

I7 17 
18 18 

Bache........ . . I Atlantic Ocean ......... . 
Blake ............ I ..... do ........ . 

2 
i 

2 ! 
3 ·' 5 5 

Endeavor ........ ! ..••. <lo . . . . . . . . . . ... 

1

; 

Gedney .......... · Pacific Ocean . . . . . . . . .. . 
1-Iyclrographcr .... ! Atlantic Ocean. . ... , 
McArthur . . . . . . Pacific Ocean ...... . 
Patterson. . . . . . . .... do ................. . 

Total. 47 47 

II 
q 

I 

1 I i 0 . (I I () 
q 40 I .> 3 

5 ........... . 
II! .......... .. 

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

--~-' __ 4_
1 
__ 2_

1 

___ I i 

29 I 29 . ss - 4 
. I 

4 



REPORT OF TIIE SL'PERINTE:\DE~T. 

There were thus secured, incidentally to the regular surveying duties of the 
various vessels, 105 results of magnetic declination (variations of the compass), nearly 
half of which are dependent upon complete swings of the vessels, forward and back, 
and, hence, possess an accuracy of about 1 o' to 1 51

; also 33 results of magnetic dip 
and intensity of magnetic force, nearly all of them derived from complete swings, 
forward and back. 

,llag11clic obscrvaforJ' work.-Continuous records of the variations of the magnetic 
clements were secured throughout the year at five magnetic observatories, situated at 
Chelten!1am, :Md.; Baldwin, Kans.; Sitka, Alaska; near Honolulu, Hawaii; and Vieques, 
P. R. At the Sitka, Honolulu, and Vieques observatories some records of earth
qnakes were obtained, and at the Cheltenham observatory some incidental obsen·ations 
in atmospheric electricity were secured. Registrations of the magnetic variations on 
the rapid (two-hour) rate were made simultaneously at all the observatories on the 
1st and 15th of each month. During the past year a large number of very notable 
magnetic storms were recorded, the most remarkable one being. that of October 31-
1\ ovember 1, which disturbed the telegraph and cable lines for several hours and 
disturbed the compass by a degree and a half and more, according to locality. 

V. OFFICE OF DISBURSING AGENT. 

Sco·rT NESBI'I', /Jisb11rsi11g Agt'nt. 

~atne. 

N. G. Henry ......... . 
Miss l<la 1\1. Peck .... 'I 
l\lrs. Jennie H. Fitch .. 
L. C. Ritchie* ....... . 
l\l. B. Sturgus * ....... ! 

Pcrso1111cl. 

Occttpntion. 

Confidential clerk ancl cashier. 
Clerk. 
Clerk. 
Captain's clerk, July r lo June 25. 
Captain's clerk, June 11 to June 30. 

The disbursement of the funds of the Coast and Geodetic Survey is made not only 
by payments directly from the Disbursing Age1it, but also largely through the medium 
of its Assistants and other officers when acting as chiefs of parties. These officers, on 
approval of the Superintendent, receive advances of puhlic funds from the Disbursing 
Agent in lump smns, under authority of an Executi\·c order dated March 26, 1886. 

In conformity to this order there are now 64 officers of this Service bonclecl in the 
sum of $2 ooo to $5 ooo each. When acting as chiefs of parties, these officers recci\'e 
from time to time such advances of public funds from the Disbursing Agent as are 
required to meet the necessary current expenses of the work in hand. 

A ledger account is kept in the office of the Disbursing Agent with each chief of 
party receiving an ad\·ance, each one being charged with all ach·ances made to him, and, 
on the other hand, receiving credit for all proper expenditures made by him when pre
sented on regularly supported vouchers after such accounts ha,·c been audited in the 
office of the Disbursing Agent and found to be correct. All of these accounts, with their 
supporting vouchers, are then sent to the Auditor for the State and other Departments 
for examination and audit by him. 

~·Temporarily detailed in connection with the accounts of \"essels. 
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This system has met the needs of this service, and resttlts, in the main, in economy 
and good order in its expenditures. 

In addition to the regular appropriations of the Coast and Geodetic Survey, Mr. 
Nesbit also disburses the appropriations for the survey and marking of the boundary 
between the United States and Cariada, and the boundary between Alaska and Canada. 
These appropriations are for the sum of $100 ooo each per annum. 

VI. OFFICE OF THE EDITOR OF PUBLICATIONS. 

ISAAC \VINSTON, Editor. 

E. C. Hall, Stcnograpltf'r and 7)pewrilcr. 

The compilation of the Annual Report (pp. 1-1032), covering the progress of the 
work of the Survey, July 1, 1902, to June 30, 1903, was completed, made ready for 
printing, and transmitted to the Senate under date of September 2, 1903. 'l'his report 
was available for issue on April 1, 1904. Thirteen leaflets, describing the work of the 
Survey, used at former expositions, were revised and published for use at the Louisiana 
Purchase Exposition at St. Louis. 

Considerable progress was made in collecting, compiling, and copying material 
relating to the history of the Survey. 

Numerous assignments to temporary duty were completed, and all possible aid was 
extended to officers engaged in preparing material to form a portion of the Annual 
~~- . 

The publ~cations of the Coast and 'Geodetic Survey during the fi!->Cal year are given 
in the following list: 

Report of the Superintendent showing the progress of the work July l, 1902, to June 30, 
1903, 1,032 pages, with following appendices, published also as separates. 

No. 3. Precise Leveling in the United States, 1900-1903, with a rearljustment of the levd 
net ancl resulting elevations. 623 pages. 

No. 4. Triangulation southward along the ninety-eighth meri<lian in 1902. 120 pages. 
No. 5. Results of magnetic observations made by the Coast and Geo<letic Survey between 

July 2, 1902, and June 30, l<JC3· 74 pages. 
~o. 6. Channel and Harber Sweep. 6 pages. 
United States magnetic declination tables and isogonic charts for 1902, and principal facL~ 

relating to the earth's magnetism. ( 2d e<lition) 405 pages. 
United States Coast Pilot, Atlantic Coast, Parts I and II, from the St. Croix River to Cape 

Ann. ( 2d edition) 243 pages. 
Unite<l States Coast Pilot, Atlantic Coast, Part III, from Cape Ann to Point Judith. (2<l 

edition) l 99 pages. ' 
United States Coast Pilot, Pacific Coast, California, Oregon, an<l \\'ashington. 215 pages. 
Supplement, United States Coast Pilot, Atlantic Coast, Part VI. ( 2<l edition) 10 pages. 
Supplement, Unite<l States Coast Pilot, Atlantic Coast, Part VII. ( 2d edition) 18 pages. 
Supplement, United States Coast Pilot, Atlantic Coast, Part VIII. ( 2d edition) 26 pages. 
Supplement, United States Coast Pilot, Pacific Coast, Alaska, Part 1. 14 pages. 
Coast Pilot Notes on \Varren Channel and Davidson Inlet, Alaska. 4 pages. 
Tide Tables for the year 1904. 508 pages. 
Tide Tables, Atlantic Coast (reprint), 1904. 177 pages. 
Tide Tables, Pacific Coast (reprint), 1904. 161 pages. 
Notices to Mariners, ~os. 299 to 312. 
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Catalogue of Charts, 1903. 174 pages. 
Report of Geodetic Operations in the United States to the Fourteenth General Co:1ference 

of the International Geodetic Association. 28 pages. 
Leaflets for distribution at the Louisiana Purchase Exposition at St. Louis, l\10. 
::\'o. I. The Coast and Geodetic Survey. 5 pages. 
No. 2. Triangulation and Reconnaissance. 4 pages. 
::\'o. 3. Base Apparatus. 10 pages. 
Xo. 4. Time, Latitude, Longitude, and Azimuth. 4 pages. 
No. 5. Terrestrial l\fagnetism. 4 pages. 
No. 6. Hydrography. 4 pages. 
No. 7. 'fopography. 4 pages. 
No. 8. Tides and 'fidal Currents. 4 pages. 
~o. 9. Le\•eling. 
::\'o. 10. Coast Pilots. 4 pages. 
Ko. 1 r. Chart Publications. 4 pages. 
No. 12. Gravity. 4 pages. 
::\'o. 13. Geodesy, or ::vJ:easurement of the Earth. 5 pages. 
Notices to :Mariners and volumes of sailing directions were prepared and published in 

:VIanila, I'. I., and issued from the suboffice at that place, as follows, viz: 
Philippine Island Notices to Mariners Nos. 6 to 12 of 1903 and Nos. 1 to 5 of 1904. 
Sailing Directions, Philippine Islands, Part I. ( 2d edition) 61 pages. 
Sailing Directions, Philippine Islands, Part II. ( 2d edition) 59 pages. 
Sailing Directions, Philippine Islands, Part VI. 87 pages. 
Sailing Directions, Philippine Islands, Part VII. I 14 pages. 

NECROLOGY. 

Gc01;r;c ,-1. Faz'>jicld, for many years an Assistant in the Coast and Geodetic Survey 
and at the time of his death the Assistant to the Officer in Charge of the Office, died at 
the home orhis son, in Saco, Me., Oil Friday, July 17, 1903. 

Mr. Fairfield was born at Saco, Me., 1\farch l, 1829. He was a graduate of Bow
doin College, Maine, and entered upon his iife's work on June 23, 1849, in his twenty
first year, when he was appointed an aid in the field force of the Coast Survey. He 
remained in office until death ended his long career of fifty-four years of faithful public 
service. His first service was under the late Assistant C. 0. Boutelle on triangulation 
on the coast of Maine and Massachusetts, and four years later he was made chief of an 
independent party. In 1853-54 he inaugurated and was in charge of a comprehen
sive series of tidal observations along the Atlantic and Gulf coasts. In the spring of 
1855 he was assigned to duty on the Pacific coast, relieving the late Gen. Richard D. 
Cutts of the charge of the triangulation north of San Francit;co. He returned to duty 
on the eastern coast in 1 ~58, and during the civil war served under Gen. J. G. Foster 
and Admiral S. P. Lee, 1863-64, on the coast of North Carolina, where he made 
surveys required by the United States Army and Navy to facilitate their operations. 
His work extended over a large portion of the Atlantic seaboard, and during the years 
1 880-1890 he was in charge of that portion of the transcontinental triangulation lying 
in the States of Illinois and fodiana, a most difficult country for such work, where it 
was necessary to use the highest observing tripods and scaffolds ever used in geodetic 
work up to that date. On August 16, 1893, he was assigned tu the charge of the work 
of furnishing points for State surveys, and continued on this duty until May 17, 1895. 
During this time he also had charg-e of the Tidal Division for a short period in 1894 
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and of the Engraving Division June l l, 1894, to June 30, 1895. He returned to field 
duty in July, 1895, and remained so employed until lVIay 5, 1898, when he was assigned 
permanently to the Office, and sen-ed in the Computing Division and in the Office of 
the Assistant in Charge nntil the date of his death. Mr. Fairfield was more fortunate 
than most men in having served his country faithfully for more than half a century, 
and the record of his work in the archives of the Sun·ey forms an enviable mo11tm1ent 
to his 1:1emory. At a meeting of the memhers of the Coast and Geodetic Sun·ey held 
at the Office on July 20, 1903, the following resolution was one of those unanimously 
adopted: 

That in the death of our late associate, George Albert Fairfield, the public service, and especially 
the Bureau of which he was a member, hiL~ been deprived of the services of a man whose honesty of 
purpose and faithful performance of duty have always been beyonc! question. All duties intrustecl to 
him were conscientiously performed, and he ha~ left an enduring monument in the archives of the 
:Bureau in the record of his large share in the "Survey of the Coast" during his fifty-four years of 
continuous serdce. His methodical nature and painstaking habits re11<lcr the reconls of his work 
standanls well worthy of emulation, and his uniform goocl nature caclearecl him to all who knew him. 

J11arJ' A. Gran/, \Vriter. died on December 29, 1903. She was horn in England, 
Noyember 6, 1836, and was appointed in the Survey from \Visconsin 011 :May 26, 1898. 

J_;'d7ein Jloralio Fowler, Chief Draftsman, died on l\farch 11, 1904. l\Ir. Fowler 
was born in South ).l°ewberry, N. H., October 20, 1856. He graduated from the 
Chandler Scientific Depart111eut of Dartmouth College in l 878, and on July 9. l 879, 
entered the Coast and Geodetic Survey as Draftsman. He served in that capacity 
until l 897, when he was made Chief Draftsman, and held this position when he died. 
During the period l 897-1904 the work of the Drawing Section was ad111irably systema
tized under his immediate direction, all chart corrections being arranged on ''History 
sheets,'' under the card-catalogue system. The process of transferring to original 
sheets the notes, titles, and general lettering which are common to all was adopted so 
that the work of preparing these sheets for approval and registration is reduced to a 
minim nm; and sheets of standard letters with a self-spacing device were prepared and 
resulted in a method of building up titles which will e\·entually insure uniformity in 
the titles of all the field sheets and all the charts published by photolithography. ::\fr. 
Fowler was an accomplished draftsman, and the work executed by him and under his 
direction forms an enduring record of his energy and ability during his many years of 1 

faithful service to the Government. 
JJmri J,ouis Fran~ois .llfarindin, for many years an Assistant in the Coast and 

Geodetic Smvey, and a distinguished member of the field force, died on l\:Iarch 25, 

1904. 
l\fr. l\Iarindin was born at Lausanne, Switzerland, July 2, 1843, and recei,·ed his 

early education in the Swiss schools. He came to the Cnited States before attaining 
manhood, and finished his scholastic education in the Owego Academy at Owego, K. Y., 

. 1860-1863. 
He entered the Coast Survey as aid on November :W, 1863, and was soon assigned 

to duty in a party engaged in the survey of Roanoke Ri\·er, North Carolina, made at the 
special request of Admiral S. P. Lee, flag officer of the :Korth Atlantic blockading squad
ron, the party being quartered 011 the gunboat .C,cJ1mollr for that purpose. In 186..J. he 
served in a topographic party at work in the vicinity of Bermuda Hundred, \'a., under 
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the orders of ::\fajor-General Butler, with Brigadier-General \Veitzel in immediate 
charge of the work; and later in the same year, and in January, 1865, he sen·ecl in a 
topographic party engaged in work along the Potomac River under the direction of 
Maj. C. S. Stewart. He thus began his service to the nation of his adoption by aiding 
in the perpetuation of the Union, and continued to serve his country faithfully until 
death ended his long and honorable career. In 1865 he was engaged in special surveys 
for a canal route through Nicaragua, and in 1870 he was engaged in a similar work on 
the Isthmus of Darien. His special work in the Coast Survey was in the field of 
physical hydrography, and many important features in the currents and in the develop
ment of harbors and bars along the Atlantic and Gulf coasts of the L'nited States ha,·e 
been made known to commerce as the result of his systematic and careful investigation 
of the complex problems presented as the result of th!! action of winds and tides on the 
waters of the sea. He spent more than eighteen years in command of vessels of the 
Sun·ey while engaged in this work. On ::\larch ::q., 1897, he was appointed by President 
McKinley to represent the Coast and Geodetic Sun·ey on the Mississippi River Com
mission, and after that elate devoted much time and attention to the duties thus imposed 
upon him, but continued his regular work on the Sun·ey whenever it was possible to 
<lo so. His particular ability was recognized by numerous special assignments to duty 
in connection with harbor boards to establish harbor lines, and in the establishment t>f 
speed-trial courses for vessels of the Navy, and is shown in several scientific discussions 
of various physical problems relating to hydrography which ha\'e appeared from time to 
time as appendices to the Annual Report of the Superintendent. At a meeting of the 
members of the Coast and Geodetic Sun·ey, held at the Office on March 25, 1904, the 
following resolution was one of those unanimously adopted: 

Hr it rt'so/z1cd, 'fhat the mcm hers of this service desire to express their sense of the irreparable 
loss sufTcre<l hy the Survey in the cleath of so able and efficient an officer, who, in the course of his 
scn·ice of more than forty years, ha<l distinguished himself in many branches of their common labors, 
aml their own sorrow in thus parting from a fricnrl cmlcarcd to them hy many charming traits of 
drnracter and respected by all for his steadfast clcvotion to duty . 

.-Jdolp!t Lindcnko!tl, the Senior Draftsman in the Coast and Geodetic Survey, died 
on June 22, 1904, after a faithful and distinguished sen·ice CO\'ering the past fifty years. 

Mr. Lindenkohl was the son of George C. F. and A. E. Lindenkohl, and was born 
at ~iederkaufnngen, Hesse-Cassel, Germany, on l\farch 6, 1833. He was educated at 
the Realschule (Cassel, 1844-1849) and the PolyteclmischeSchule (Cassel, 1849-1852), 
graduating at the latter institution in l 852. Soon after graduating he came to the 
United States and engaged in teaching for two years. In 1854 he became a citizen of 
his adopted country and was appointed draftsman in the Coast Survey, and held this 
position with distinguished ability until the day of his death. 

He spent much of his leisure time in studying the \'ast physical problems relating 
to the earth, devoting himself especially to physical geography, oceanography, and deep
sea temperatures, densities, and currents. Numerous articles upon these subjects were 
written hy him and have been published as appendices to the Coast and Geodetic Sur
vey Reports, in Petermanns Mitteilungen, and in the American Journal of Science. He 
was always much interested in geographical exploration and spent a good deal of time 
in compiling maps from original sources, unofficially. His ahility was rewarded in the 
Coast Survey by rapid promotion through all the grades of his profession until be 
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became a recognized authority on chart publication. Being endowed with a remarkable 
memory for facts and dates, his intimate acquaintance with the chart work of the Sur
vey during the fifty years of his service was of Yery great value in all matters concern
ing the compilation of charts from the older records, and the numerous drawings com
piled and made by him during the last half century bear witness to the skill and fidelity 
which distinguished his career. His work was always rapidly executed and character
ized by accuracy. During the civil war, in 1862-1864, he was detailed to serve with 
the Army as topographer, thus aiding in the preservation of the Union. His first 
service was in aiding Assistant A. M. Harrison in the topographic survey of the north
ern bank of the Potomac River in the vicinity of Rosiers Bluff in December, l 862, under 
the direction of the Engineer Department of the Army. In the following summer he 
was assigned as topographer under the direction of Col. J. H. Alexander, acting chief 
engineer of the defenses of Baltimore. At the request of the chief engineer of the Mil
itary Department of West Virginia, Lieutenant :\1eigs, Mr. l,inclenkohl was detailed in 
October, 1863, to as.o.;!st in compiling the data which had been collected at Clarksburg 
from army surveys and by expeditions of the cavalry forces. Other material, proc11red 
from the records of surveys at Annapolis and Baltimore, ::\1<l., and from the Engineer 
Bureau, was made auxiliary to the preparation of a military map of the department. 
Mr. Lindenkohl also assisted in the construction of a large map of the em·irons of Cum
berland and computed the longitude of a number of places in the State, from sextant 
observations by Lieutenant Meigs. He was employed in West Virginia until the 16th 
of February, and then returned to duty in the Drawing Division of the Coast Survey 
Office. Mr. Lindenkohl wm; a member of the following Societies: The American 
Association for the AdYancement of Science, the Washington Academy of Sciences, 
the Philosophical Society of Washington, and the National Geographic Society. 
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TABULAR INDEX OF FIELD WORK. 

EASTERN DIVISION-EAST OF THE 111ISSISSIPPI RIVER. 

Alabama. Maine. Ohio. 
Connecticut. Maryland. Pennsylvania. 
Delaware. Massachusetts. Rhode Island. 
District of Columbia. Michigan. South Carolina. 
Florida. Mississippi. Tennessee. 
Georgia. New Hampshire. Venuont. 
Illinois. New Jersey. Virginia. 
Indiana. New York. West Virginia. 
Kentucky. North Carolina. 'Wisconsin. 

Nu-
111erical Character of work. I,ocality. Chief of party. ~ante of vessel. Page. 

No. 

I Magnetic observa-
tions. 

Louisiana. Bauer. 42 
Maryland. 

I 

New Jersey. 
South Carolina. 

2 Magnetic 
tions. 

observa- Maine. Baylor. 42 

Triangulation. 

' --- ------- ---

3 Hydrography. Maine. Boutelle. Bache. 44 
- ---

4 Compass range marks. Delaware. Boutelle. 45 

5 Topography. Maryland. Donn. 45 
-·-~ ---

6 Hydrography. Massachusetts. Faris. Blake. 47 
Magnetic observa- Virginia. 

tions. 

7 Hydrography. Maryland. 
Topography. 

Flower. Matchless. 49 

8 Topography. Maryland. Forney. 51 
Virginia. 

----~-----

10277-04--3 33 
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EASTERN DIVISION--EAST OF THE 11:USSISSIPPI RIVER-Continued. 

I Nu-

I 
n1erical Character of work. I,ocality. Chief of party. Nan1e of vessel. Page. 

No. 

! I -------- ----·---- -------

9 Hydrography. Georgia. Forney. 53 
Topography. 

---------- ---

IO Triangulation. North Carolina. I Hill. 54 
! __ -------- ----

II Magnetic observa- New Jersey. i Houston. 56 
tions. Ohio. 

I ---
i 

---- ----

12 Topography. 
Triangulation. 

Virginia. I Latham. 57 

! ---

13 Magnetic observa- Georgia. Little. 60 
I tions. Kentucky. 

North CaroliL..t. I 
South Carolina. : 

Tennes<..!e. I 
I 

--- ------- ---

15 Hydrography. Delaware. Marindin. 6r 
Topography. 
Triangulatio~. 

---

16 Hydrography. Florida. Parker. Hydrographer. 62 
Topography. Georgia. 
Triangulation. 

---

17 Hydrography. New Hampshire. Parker. 65 
--- -- --------·---- ---

18 Magnetic 
tions. 

observa- Tennessee. Preston. 66 

--- ----

19 Hydrography. New Jersey. Quillian. 66 
Topography. New York. I 

--- --

20 Coast pilot. Conn·ecticut. 
Delaware. 

Ross. 68 

Maryland. 
New Jersey. 
New York. 
Virginia. 

21 Magnetic observa- Alabama. Smhh, L. B. 69 
tions. Georgia. 

I,ouisiana. 
Ohio. 

------
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EASTERN DIV!~'>10N-EAST OF THE llfISSISSIPPI RIVER-Continued. 

Nu-
tnerical Character of work. I..-ocality. Chief of party. Nan1e of )·essel. Page. 

No., 
·--- ------·-----

23 Tide observations Florida. 70 
(continuous). Maryland. 

New York. 
Pennsylvania. 

----- ---
24 Hydrography. Maryland. 

Virginia. 
Vinal. Matchless. I 70 

---- ----·-

! ·New Jersey. 
·--------

25 Magnetic observa- Wallis. 
I 

73 
tions. i 

--- -----··-

26 Hydrography. Maine. Welker. Bache. 73 
Magnetic observa- New Jersey. 

tions. Virginia. 
---

27 Hydrography. Florida. 
Maryland. 

Young. Endeavor. . 74 

South Carolina. 

I Virginia. 

JJfIDDLE DIVISION-BETWEEN THE JJIISSISSIPPI RIVER AND THE ROCKY 
klOUNTAINS. 

Nu
tnerical 

No. 

Arkansas; 
Indian Territory. 
Iowa. 
Kansas. 

Character of work, 

Louisiana. 
Minnesota. 
Missouri. 
Nebraska. 

I,ocality. Chief of party. 

------~------ ------------
28 Leveling. Texas. Baldwin. 

29 Reconnaissance. Minnesota. Burger. 

Burger. 
1---------- ------·- ---- ----------

1 

30 Astronomic observa- Minnesota. 
tions. North Dakota. 

North Dakota. 
Oklahoma. 
South Dakota. 
Texas. 

Na1ne of Yessel. Page. 

77 

77 

So 

Triangulation. South Dakota. 1--- ·--.--.. --·-------- ----------- -----------1--------
31 Triangulation. Texas. Ferguson. 

32 Tide observations. 

Minnesota. 
South Dakota. 

Texas. 
------- ---- ----------1--------

33 Magnetic observa- Kansas. 
tions. 

34 Tide observations. Texas. 

35 Magnetic observa- Kansas. 
tions. 

8r 

---------- ------·-·---
Marindin. \ 84 

Smith, L. B. 

85 

Wallis. 85 



Nu- I 
mericali 

No. ! 

---
I 

36 I 
I --, 

37 

1--·--

38 

39 

---

40 

41 

42 

---

43 

44 

---

45 

---

46 
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WESTERN DIVISION-WEST OF THE ROCKY i1'IOUNTAINS. 

Arizona. 
California. 
Colorado. 
Idaho. 

Character of work. 

Leveling. 

Hydrography. 
Topography. 
Triangulation. 

Hydrography. 

Astronomic observa-
tions. 

Magnetic observa-
tions. 

Astronomic observa-
tions. 

Reconnaissance. 
Triangulation. 

Magnetic observa-
tions. 

Leveling. 

Leveling. 

Charge of suboffice. 
Tide observations. 

Leveling. 

Tide observations. 

Montana. 
Nevada. 
New Mexico. 
Oregon. 

I 
Locality. 

Washington. 

California. 

I 'V ashington. 

Montana. 

California. 
Oregon. 
Washington. 

I 

I 
California. 

Idaho. 
Wyoming. 

I 

Idaho. 
Utah. 
'Vyoming. 

California. 

Idaho. 
Oregon. 

Washington. 

Chief of party. 

Baldwin. 

Denson. 

Dickins. 

Eimbeck. 
Preston. 

French. 

Hazard. 

King. 

Libby. 

Rodgers. 

Sewall. 

I 

I 

Utah. 
Washington. 
Wyoming. 

Na1ne of vessel. 

Gedney. 

--

Page. 

86 

86 

88 

89 

1~. 
90 

---
I 

94 I 

94 

95 

96 
I 
I 

96 
i 
! 

-----·- I 

96 I 
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DIVISION OF ALASKA. 

·---· 
I Nu-
merical Character of work. Locality. Chief of party. Nan1e of vessel. Page. 

!~ -·----- ----I 

1, 47 Hydrography. Alaska. Dickins. Gedney. 97 
i Topography. 
I Triangulation. 
I 
---
I 

---

I 
48 Magnetic observa- Alaska. Edmonds. JOO 

tions. 

---- --------

I 49 Base measurement. Alaska. Pratt. Patterson. JOI 
Hydrography. 
Magnetic observa-

tions. 
Physical hydrogra-

phy. 
Topography. 
Triangulation. 

I 
i 
! 50 Hydrography. Alaska. Ritter. Taku. ro6 
I ' Topography. 
1 

OUTLYING TERRITOR 17: 

" 

I 
cal Character of work. Locality. Chief of party. Name of vessel. Page. 

-------- ---

I N1;1 

l"'iJ~ 
I Astronomic observa· Hawaii. Alexander. ro9 

I 
tions. 

Base measurement. 
Magnetic observa· 

tions. I 

I , 
Tide observations. 
Triangulation. 

I ·-

I 
---

2 

I 
Magnetic observa- Hawaii. Deel. II2 

tions. 

---

1-
1 

I s 
I 

5 3 Hydrography. Hawaii. King. 112 
Magnetic observa-

tions. 

I Topography. 
I 
1---

5 4 Astronomic observa- Pacific Islands. Smith, E. I II4 
tions. Morse. 

----- ---

5 5 Combined operations. Philippine Islands. Putnam. ITS 
McGrath. 

" 

6 Topography. 
Tnangulation. 

5 Philippine Islands. Bach. r23 

--------- --~-- ---------------- ---~-------·------ -- ---------------------------·----
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OUTLYING TERR/TORY-Continued. 

. 
Nu-

n1erical Character of work. Locality. Chief of party. Nan1e of vessel. Page. 
No. 

' 
57 Base measurement. 

Hydrography. 
Topography. 
Triangulation. 

Philippine Islands. Bowie. r23 

58 Astronomic observa- Philippine Islands. Derickson. Research. 125 
tions. 

Base measurement. 
Hydrography. 
Magnetic observa-

tions. 
Topography. 
Triangulation. 

---

59 Topography. Philippine Islands. Fairfield. i27 

I 
Triangulation. 

--- ---

60 Astronomic observa- Philippine Islands. Flynn. 127 
tions. 

Base measurement. 
Topography. 
Triangulation. 

---

61 Base tneasurement. China Sea. Gilbert. Pathfinder. 128 
Hydrography. Philippine Islands. 
Physical hydrogra-

phy. 
Toppgraphy. 
Triangulation. 

62 Astronomic observa- Philippine Islands. McGrath. 133 
tions. Fairfield. 

Magnetic observa-

--1 tions. 
---

631 
Hydrography. Philippine Islands. -Westdahl. Pathfinder. 134 
Topography. 

! ___ , 
64 Hyclrography. Porto Rico. Faris. Blake. 137 

Magnetic observa- I 
tions. 

----

65 Magnetic observa- Porto Rico. Keeling. 138 
tions. 

--

66 Hydrography. Porto Rico. Landers. 139 
---

67 Magnetic observa- Porto Rico. Welker. Bache. l4I 
tions. Boutelle. 

Hydrography. 
\ 
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SPECIAL DUTY. 

Character of work. Natne. I Page. 

Examination of Virginia oyster lands. Baylor, J. B. 144 
Survey of Louisiana oyster beds. Baylor, J.B. 144 
Hempstead Harbor speed-trial course. Boutelle, J.B. 144 
Resurvey of Mason and Dixon's line. Hodgkins, W. C. 145 
Members of Mississippi River Commission. {Marindin, H. L. 

}145 Ritter, H.P. 
Triangulation of the city of New York. Mosman, A. T. 145 
Patrol duty. Ross, John. 147 
Northwest boundary. Tittmann, 0. H. 148 
Alaska boundary. {Tittmann, 0. H. }151 Hodgkitis, W. C. 
International Geodetic Association. Tittmann, 0. H. 152 
Louisiana Purchase Exposition. Wainwright, D. B. 153 
Patrol duty. 'Vainwright, D. B. 153 
Farallon Islands. \Vestdahl, F .. 153 



TECHNICAL INDEX OF FIELD vVORK. 

Classification. 

COAST PILOT: Page. 

Connecticut . . . . . . . . . . . . . . . . . . . . 68 
Delaware. . . . . . . . . . . . . . . . . . . . . . . . . . . . 68 
Maryland . . . . . . . . . . . . . . . . . . . . . . . . . . . 68 
New Jersey.......................... 68 
New York........................... 68 
Philippine Islands . . . . . . . . . . . . . . . . . . . 119 

GEODF.SY: 

Astronomic observations-
California ................ . 
Hawaii.......................... 109 
Montana . . . . . . . . . . . . . . . . . . . . . . . 89 
Pacific Islands . . . . . . . . . . . . . . . . . . . I 14 
l'hilippine Islands ..... 125, 127, 128, 133 

Base measurement-
Alaska.......................... 10I 
Philippine Islands ........ .' 123, 125, 127 

Reconnaissance-
California . . . . . . . . . . . . . . . . . . . . . . . 9'> 
Minnesota... . . . . . . . . . . . . . . . . . . . . 87 
Oregon............ . . . . . . . . . . . . . 90 
Washington . . . . . . . . . . . . . . . . . . . . . 90 

Triangulation--
Alaska ......................... 97, IOI 

California ....................... 86, 90 
Delaware........................ 61 \ 
Georgia . . . . . . . . . . . . . . . . . . . 62 I 
Hawaii.......................... 109 
l\1aine. . . . . . . . . . . . . . . . . . . . . . . . . . . 42 
l\'.!innesota. . . . . . . . . . . . . . . . . . . . . . . So, 81 
New Hampshire . . . . . . . . . . . . . . . . . 65 
New York.... . . . . . . . . . . . . . . . . . . . 145 
North Dakota.................... So 
North Carolina . . . . . . . . . . . . . . . . . . 54 
Oregon.......................... 90 
Philippine Islands . . . . . 123, 125, 127, 128 
South Dakota .................... So, 81 
Texas........................... 81 
Virginia. . . . . .. . . .. . . . . .. .. . . . . . . 57 

Classification. 

HYDROGRAPHY: Page. 

Alaska ......................... 97, IOI' 1o6 
California . . . . . . . . . . . . . . . . . . . . . . . . . . 86 
Delaware... . . . . . . . . . . . . 61 

Florida........................ 62, 74 
Georgia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53, 62 
Hawaii.............................. 112 
:\faine. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44, 73 
Maryland ........................ 49, 70, 74 
::vrassachusetts . . . . . . . . . . . . . . . . . . . . . . . 45 
New Hampshire . . . . . . . . . . . . . . . . . . . . . 65 
New Jersey .......................... 66, 73 
New York........................... · 66 
Philippine Islands . . . . . . . . . 123, 125, 128, 134 
Porto Rico .................... 137, 139, 141 
South Carolina . . . . . . . . . . . . . . . . . . . . . . 74 
Virginia .......................... 70, 73, 74 
Washington . . . . . . . . . . . . . . . . . . . . . . . . . . 88 

LEVELING: 

Idaho . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94. 95, 96 
Oregon...................... . . . . . . . 96 
Texas............................... 77 
Utah................................ 95 
\Vashington . . . . . . . . . . . . . . . . . . . . . . . . . 86 
Wyoming ....................... · . . . 94, 95 

MAGN"1<T1c OnSERVA'fIONS: 

Alabama . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69 
Alaska ............................ 100, IOI 

Atlantic Ocean .................. 73, 137, 141 
California . . . . . . . . . . . . . . . . . . . . . . . . . . . 94 
Georgia ............... -. . . . . . . . . . . . . . 6o, 69 
Hawaii ........................... w9, I 12 
Kansas. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84, 85 
Kentucky........................... 61 
Louisiana . . . . . . . . . . . . . . . . . . ........ 42, 69 
Maine............................... 42 
l\larylancl . . . . . . . . . . . . . . . . . . . . . . . . . . . 42 
Massachusetts . . . . . . . . . . . . . . . . . . . . . . . 47 
:ilissouri . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85 
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Clussification. 

J.\IAGNETIC OBSERV A TlONS-Continued. 
l\Iontana ........................... . 
New Jersey ....................... 42, 56, 73 
North Carolina . . . . . . . . . . . . . . . . . . . . . . 6o 
Ohio ................................ 56, 69 
Philippine Islands ................. 125, 133 
Porto Rico ........................ 137, 141 
South Carolina ...................... 42, 6o 
'fennessee ........................... 6o, 66 

TIDE OBSERVATIONS: 
California........................... ¢ 
Florida ............................ ., 70 
Hawaii.............................. 109 
:\Iary land . . . . . . . . . . . . . . . . . . . . . . . . . . . 70 
New York.......... . . . . . . . . . . . . . . . . 70 
Pennsylvania. . . . . . . . . . . . . . . . . . . . . . . . 70 

Clus..c;;.ificntion. 

TIDE OBSERVATIONS-Continued. l'nge. 

Philippine Islands . . . . . . . . . . . . . . . . . I 17, 124 
Texas............................... 85 
\Vashington . . . . . . . . . . . . . . . . . . . . . . . . . 96 

TOPOGRAPHY: 
Alaska ......................... 97, IoI, 106 
California . . . . . . . . . . . . . . . . . . . . . . . . . . . 86 
Delaware ..................... : . . . . . 61 
Florida . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62 
Georgia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53, 62 
Hawaii.............................. 112 
Maryland ..................... 45, 49, 51, 57 
New Jersey.......................... 66 
Philippine Islands . . . . . 123, I 25, I 27, 128, I 34 
Virginia ............................ 51, 57 



DETAILS OF FIELD OPERA TIO NS. 

MAGNETIC OBSERVATIONS. 

EASTERN DIVISION. 

LOL'ISIANA. 

lllARYLAND. 

NEW JERSEY. 

SOUTH CAROLINA. 

L. G. SCHULTZ, 11fag11etic Observer. 
\V. F. \\'Au.rs, 11/agnetic Observer. 
S. G. TOWNSHEND, 11fag11ctic Observer. 
W. M. H11.r., Magnetic Observer. 

L.A. BAUER. 

Aug. I to ro. 
Aug. 2 to June 30. 

Aug. 1 lo June 30. 

Mar. ro to Apr. ro. 

The direction of the work at the Magnetic Observatory* at Cheltenham, Md., 
August 1 to June 30, was assigned to Assistant Bauer. Magnetic Observer W. F. \Vallis 
was placed in immediate charge of the work on August 1 and continued in charge 
during the fiscal year. Mr. L. G. Schultz was on duty at the observatory August 1 

to IO, Mr. S. G. Townshend from August 1 to June 30, and Mr. W. M. Hill March IO 

to April 10. 

Two sets of self-registering magnetographs were in continuous operation. Abso
lute observations for the determination of the base lines were made at least once a week, 
and some check determinations were made with another set of instruments. The 
scale values for the self-registering instruments were determined once a month. Obser
vations of atmospheric electricity were made once a week. Special records on the 
magnetographs were obtained on the first and fifteenth of each month. 

Various visits of inspection were made to the field parties in the eastern division, 
and during these, magnetic observations were made by Assistant Bauer at the following 
places: In September at Elizabeth and Salem. :N. J.; in February at Lafayette and St. 
Bernard, La., and at Aikin, S. C.; and in June at Linden, Md. 

MAGNETIC OBSERVATIONS.' 

TRIANGULATION. 

MAINE. 

B. C. LII,LIS, Aid. 
SUMMARY OF RESULTS. 

Magnetic observations: 
2 stations occupied. 

Triangulation: 
187 square miles area covered. 

5 stations occupied. 

J. B. BAYLOR. 

14 geographic positions determined. 
------·· ·-----------

*The work at this observatory was under the direction of L. G. Schultz, Magnetic Observer, July 
I to July 3r. 

42 
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The determination of the geographic position of certain .light-houses on the coast 
of Maine was assigned to Assistant Baylor, and he began the necessary field work in 
the vicinity of Kennebunkport on September 30, 1903. 

He recovered the old triangulation stations Agamenticus and Stage Island, and 
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used the line between them as a base in determining by triangulation the position of 
the following light-houses, viz: Wood Island, Goat Island, Boon Island, and Cape 
Neddick. 

The two triangulation stations named and three of the light-houses were occupied 
for observations of horizontal angles. Several days were spent at Boon Island Light-
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house, but unfavorable weather prevented observations, and the attempt to secure 
observations at this point was finally abandoned because of the difficulty of leaving the 
island so late in the season. 

Observations were made to determine the three elements of terrestrial magnetism 
at two stations, Kennebunkport and Portland. 

The work for the season closed on November 21 on account of unfavorable weather. 

HYDROGRAPHY. MAINE. 

WM. M. ATKINSON, First Watch Officer. 
G. E. MARCHAND, Surgeon. 
M. F. FLANNERY, C/iief Engineer. 
J. A. MCGREGOR, Second Watch Officer. 
WM. SANGER, Captain's Clerk. 
E. c. SASNETT, Aid. 
J. W. YATES, Jr., Deck Officer, Second Class. 
E. V. MILLER, Junior Captain's Clerk. 

SUMMARY OF RESULTS 

Hydrography: 
152 miles lines sounded. 

ro 700 soundings made. 
12 tide stations established. 

J. B. BOUTELLE, Commanding, 
Steamer Bache. 

15 hydrographic sheets completed. 

Hydrographic examinations on the coast of Maine were assigned to Assistant 
Boutelle, commanding the steamer Bache. The vessel left Delaware Breakwater on 
August r7 and proceeded to Bar Harbor, Me. Field work began in that vicinity on 
August 20 and was continued until August 26, when the vessel left for New York 
under instructions for special duty in connection with the patrol of the first annual 
regatta of the New York Bay ~egatta Association. (See Special Duty.) 

Field work was resumed on September 4 and continued without forther interrup
tion until November 4. During this time hydrographic examinations were made in the 
following lo~alities, viz: Eastern Bay, White Ledge, Winter Harbor, Mouth of Blue 
Hill Bay, vicinity of Green Islands, Harrimans Ledge, Blue Hill Bay, York Narrows, 
Penobscot Bay, vicinity of the Sloop and Barred islands, Muscle Ridge Channel, Hur
ricane Sound, Muscongus Sound, Johns River, mouth of Kennebec River in vicinity of 
Bath and Richmond, Casco Bay in vicinity of Stave Island, and two ledges in Saco Bay 
off Old Orchard Beach. The iield work of the party under Mr. Boutelle closed on 
November 4, when he transferred the command of the ship to Assistant P. A. Welker. 
Further details of the work are given under Mr. Welk er' s name. 

Mr. Boutelle states that all the officers, except the Chief Engineer, took part in 
the. surveying operations and in the navigation of the vessel, and testifies to the will
ingness and efficiency with which they performed the duties assigned them, and Mr. 
Atkinson receives special mention as a very able and efficient navigator and seaman. 
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COMPASS RANGE MARKS. DELAWARE. J. B. BOUTELLE. 

The erection of marks on Delaware Breakwater, entrance to Delaware Bay, to 
serve as ranges in the determination of the deviation of ships' compasses, was assigned 
to Assistant Boutelle. 

_ The exact location of all the marks had already been determined by Assistant 
H. L. Marindin, who had also ordered the marks, and Mr. Boutelle found them at 
Lewes, Del., when he arrived on May 13. 

These marks are galvanized iron tubes 14 feet long and 5 inches in diameter, set 
about 3 feet in the stone forming the breakwater, in the proper positions to indicate, 
when used in connection with a single back range, angular changes of r 0 in the lines 
joining the ranges. 

The zero mark, or range indicating the true north and south line, has. an iron 
triangle bolted to the top of the iron post, and the posts indicating the line of 5° west 
of the zero mark and the lines of 5°, 10°, 15°, and 20° east of the zero mark have 
circular targets bolted to their tops. These targets are formed of iron rings filled with 
wire netting with large white figures at their centers indicating the proper number of 
degrees from the zero mark which the line joining them and the back range makes 
with the north and south line. The other posts marking the degrees up to 5° west 
and up to 20° east of the zero mark are without targets. A house 011 the breakwater 
prevented the use of posts to mark the line of 7° and 8° east of the zero mark. 

The back mark to be used in connection with all the marks on the breakwater is 
the east one of two tall chimneys to a fish-oil factory at Lewes, and on this -chimney 
a white band, 12 feet wide, was painted near the top. 

Ships anchored off the breakwater can determine the compass corrections by 
noting the bearings of the ranges as the ship swings with the tide. 

The work was completed and Mr. Boutelle reported at the Office on June r. 

TOPOGRAPHY. MARYLAND. 

SUMMAR y OF RESur:rs. 

IS square miles area covered. 
16 miles shore line of rivers surveyed. 
27 miles shore line of creeks surveyed. 
53 miles of roads surveyed. 

2 topographic sheets completed. 

J. W. DONN. 

On July r the topographic resurvey along the Maryland shore of the Potomac 
River north of Indian Head was in progress under the direction of Extra Observer 
J. W. Donn. His party was quartered at Ale~andria as the only available boarding 
place for the members of the party. The War Department granted authority for the 
teamster and horses to occupy quarters at Fort Foote, and a launch was used to 
transport the party fronl Alexandria to and from Fort Foote and in making the 
survey of the shore line of the river and creeks. The horses and wagon were used in 



COAST AND GEODETIC SVRVE\." REPORT, 1904. 

No. 2. 

3 

Topography, Potomac River. 



APPE:N"DIX XO. x. DETAILS OF FIELD OPERATIONS. 47 

making the topographic survey away from the river, and the poor condition of the 
roads caused considerable delay in the progress of the work. 

At the request of the comn;anding officer at J<'ort \Vashington, the distances to 
certain points, referred to certain other points on the ranges used in gun practice, were 
determined. 

The survey was completed to the boundary line of the District of Columbia on 
October 31, and the field work closed for the season. 

H YDROGRAPHY. l\IASSACHUSETTS. 
::VlAGNHTIC OBSERVATIONS. VIRGINIA. 

L. l\l. FURMAN, First Watch Ojjicer. 
L. :\1. HOPKINS, Chief Rngillecr. 
D. C. YOUNG, Acli11g Cllief E11gi11ccr. 
\\'111. B. PROCTOR, Second /Vatch Officer. 
J. H. EGBERT, Assistant S111;1rco11. 
\\'. F. GLOVER, Third Watrh Officer. 
G1w. 0LSi>N, Fourth Watch Offircr. 
E. \\'. KRAMER, Aid. 
H. :\'I. 'fRUEBLOOD, Aid. 

St:MMARY OF RESULTS. 

Hydrography: 
6oo square miles area covered. 

1 145 miles line sounded. 
9 441 soundings made. 

3 tide stations established. 
1 current station occupied. 

R. L. FARIS, Commanding, 
Steamer Blake. 

Aug. 7 to Aug. 17. 
Aug. 28 to Oct. 26. 

Oct. 6 to Oct. 26. 

5 hydrograpl.1ic sheets completed. 
Magnetic observations: 

4 stations occupied. 

Hydrographic examinations on the coasts of Virginia and Maine '"ere assigned to 
Assistant Faris, commanding the steamer Bla/,:e. On August 7 the vessel, with Assist
ant E. B. Latham temporarily in command, proceeded to make magnetic observations 
afloat in the vicinity of Old Point Comfort by swinging the ship, and in the afternoon 
sailed for Winter Quarter Shoal. Several hours were spent in sounding in this vicinity 
without developing any indications of the reported shoal. 

The ves.'iel reached ~ew Bedford on the 10th, and magnetic observations were 
made the same day hy swinging the ship. A tide gauge was established, signals were 
erected, and hydrographic work began on the 12th and was continued until the 20th, 
when Assistant Faris came on board and relieved Mr. Latham of the command of the 
ship. 

\Vork in Buzzards Bay was then suspended and preparations were made to take up 
the examination of Nantucket South Shoals in the vicinity of Nantucket light-vessel. 
Soundings began on August 27 and were continued, whenever the weather permitted, 
until October Io. In the development of Phelps Bank a notable change in the depth 
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of the water was found. Most of the shoal spots reported by passing ships were found 
to exist. The execution of this work was difficult and unsatisfactory 011 account of 
the fog, haze, and windy weather that prevailed and the irregularity of the tidal 
currents in this locality. Continued bad weather made it desirable to close work on 
Nantucket Shoals at this time. On October 12 the de,·elopment of certain critical 
spots in Buzzards Bay was resumed, and was completed on the 15th. 

On the 19th Rhode Island Rock, near Cottage City, Mass., was located, and 
magnetic obse;Tations were made at a station on shore near Kew Bedford. On the 
20th magnetic observations were made afloat by swinging the ship, and on the same 

,. 
J1 
11· 
11 
I I 

I I 
/ I•. 

1sllf"" 
.~I 

10 

0 10 

69' 00' 

Nautical Miles 
c 10 

KilornEters 

llydrography, ::s'nntucket Shoals, rtfassachusetts. 

Xo. _-;. 

30' 

50 ... 
.{U_· 00' 

day Almys Rock, in Sakonnet River, Rhode Island, was found and located and lines of 
soundings were run to develop the region in the vicinity of the rock. This closed the 
hydrographic work for the season, and on October 22 the ship sailed for Baltimore and 
reached there on the 26th. Durin.g the voyage such magnetic observations as the 
weather permitted were made daily, but a complete set could not be made until the 
25th, in Chesapeake Bay. Assistant Faris states that all the officers on board, ~xcept 
the Chief Engineer, assisted in the general survey duties assigned to the ship, and 
expresses his hearty appreciation of the way in which they cooperated with him in 
carrying out his instructions. 
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HYDROGRAPHY. MARYLAND. 

ToPOGRAPHY. 

G. L. FLOWER, Commanding, 
Schooner J11atcliless. 

J. C. LANDHRS, Aid. 
G. c. BAT,DWIN, Aid. 
J. \\'. 1\1..1.l:J>IN, Aid. 
G. T. RUDE, Deck 0.flicer, Tlzird Class. 

SU'.\fMARY 01' RESULTS. 

Hydrography: 
55 square miles area covered. 

520 miles lines sounded. 
Topography: 

20 square miles area covered. 
1 mile shore line surveyed. 

40 miles roads surveyed. 

July 1 to July 27. 
July 1 to Oct. 10. 
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On July 1 the continuation of the resurvey of the Severn River was in progress 
under the direction of Assistant Flower, commanding the schooner 1lfatcliless. 

The topographic work was done hy Mr. Lat'1ders and Mr. Maupin and was com
pleted within the limits assigned on July 22. The hydrographic work was completed 
on the 25th and the vessel sailed for West River, via Annapolis, for supplies, and 
resumed work in that locality on July 29. 

Nearly all the hydrographic signals built during the previous season were down. 
These were rebuilt and others were constructed for the work in hand. Mr. Maupin 
was placed on shore at West River with a plane-table party to continue the interior 
topographic work while the vessel completed hydrographic work oi1 the eastern shore. 
On August 8 the vessel returned to \Vest River and completed the hydrographic work 
on the west shore from Franklin Point to Thomas Point, including \Vest River, Rhode 
River, South River, and the shoal water offshore to a depth of 5 fathoms on October 14. 

This compkted work of the party under Assistant Flower, and on October 15 the 
vessel proceeded to Baltimore. Mr. Flower states his pleasure in commending the 
officers of the vessel for their valuable and efficient services and for the zeal and cheer
fulness with which they performed the duties assigned to them. 

TOPOGRAPHY. MARYLAND. 

VIRGINIA, 

SUM:llARY 01-' RESULTS. 

July 1 to F>rcember 21. 

43 sql\are miles area covered. 
16 miles shore lii1e rivers surveyed. 
20 miles shore line creeks surveyed. 
95 miles roads surveyed. 
2 topographic sheets completed . 

• ·lpri! 30 to June 30. 

6o square miles area covered. 
31 miles shore line rivers surveyed. 
63 miles shore line creeks surveyed. 
12 miles railroads surveyecl. 

105 miles roacls surveyed. 
2 topographic sheets completed. 

s. FORNEY. 

On July r the topographic resurvey along the Potomac River in the vicinity of 
Maryland Point was in progress by a party under the direction of Assistant Forney, 
and the work was continued until December 2 I. During this period the resurvey was 
completed on the Maryland shore from K anjemoy Creek to Budds Ferry and on the 
Virginia shore from Matomkin Point to Aquia Creek. 

The work was extended inland from the river from 2 to 3 miles and includes the 
principal country roads and the prominent hills and ridges which overlook the river. 
The survey of the shore line of the creeks entering the river was based on a plane-table 
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triangulation and transverse lines. Taken as a whole, the changes that have taken 
place since the previous survey are slight and unimportant. On December 2 r the·work 
was suspended for the winter and the party was disbanded. 

Work on the resurvey of the banks of the Potomac River was resumed by Assistant 
Forney on April 30 and was in progress on June 30. The shore line of the river was 
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completed to Stump Neck, and also the shore line of Mallows and Chicomuxen creeks 
in Maryland. l n Virginia the shore line of the river was completed to Cockpit Point, 
and also the shore line of Aquia, Chopawamsic, and Quantico creeks. The interior work 
(contouring and roads) was completed to Chopawamsic Creek, in Virginia, and to Chico
muxen Creek, in Maryland. 
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GEORGIA. 

SU:IIMARY 01' RRSULTS. 

Hydrography: 
2 square miles area covered. 

71 miles lines sounded. 
8 718 soundings made. 

2 tide stations established. 
2 hydrographic sheets completed. 

Topography: 
14 miles shore line of rh·ers surveyed. 

I topographic sheet completed. 

53 
S. FORNEY. 

The extension of the survey of Medway and Belfast rivers, Georgia, to the head of 
navigation was assigned to Assistant Forney. He reached Savannah on January 28 

No. 7. 

Hydrography and topography, Georgia. 

and Belfast on the 31st. After considerable delay a suitable launch was hired for the 
work. Several of the old triangulation stations were soon reco\·ered and signals were 
erected by using poles cut by the party, as it was impracticable to obtain sawed lumber. 
A plane-table triangulation was extended from the old work up the Medway and Bel
fast rivers to a point 1 mile above Belfast. The shores of the river are formed of marsh, 
which is covered at high water, and consequently it was nes:essary to build platforms as 
supports for the plane table. The shore line was surveyed between Sunbury and a point 
1 mile above Belfast, and the hydrography covered the same region. 

The work w.as completed, and on April 18 Mr. Forney started to the Office. He 
expresses his appreciation of the many courtesies extended to the party by the officers 
and employees of the Hilton & Dodge I..,umber Company, who did everything in their 
power to advance the progress of the work. 
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TRIANGULATION. NORTH CAROLIXA. J. S. HILL. 
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roS square miles area co\·ercd. 
16 stations occupied. 
r2 geographic positions delenninc<l. 
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'!'riangulation, North Carolina. 

The recovery of old triangulation stations in the vicinity of Albemarle, Croatan, 
Pamlico, and Core sounds, North Carolina, and the determination of the position of 
certain light-houses in the same locality was assigned to J. S. Hill, Aid. 

He reacheci Elizabeth City on October IO, and made the necessary arrangements 
for beginning the work. After several days delay, waiting for the arrival of the 
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instruments and other outfit, the field work began on the 19th by a general exami
nation. of the region in a small schooner chartered for that purpose. The shores are 
generally low and covered by marshes, and a considerable change in the shore line was 
noted, many of the stations having been destroyed as the result of erosion. An 
attempt was made to recover 50 of the old stations, and 20 of these were found and 
re-marked when necessary. Several triangulation stations were occupied in the 
vicinity of the following light-houses, and observations were made to determine their 
geographic positions,· viz: Gull Shoal, Bluff Shoal, :Northwest Point Royal Shoal, 
Southwest Point Royal Shoal. Observations were also made at stations in the vicinity 
of Swan Quarter and Pamlico light-houses, but the necessary work was not completed. 

The winter was unusally severe and the work was delayed by unfavorable weather 
to a serious extent. Field operations closed for the season on the 29th of March. 

MAGNETIC OBSERVATIONS. NEW JERSEY. 

J. M. KUEHNE, llfagnetic Observer. 
L. B. S1111TH, 1Jfagnetic Observer. 
G. B. l'EGRA:O.I, llfag11etic Observer. 

OHIO. 
C. J. Hm;sToN. 

The supervision of the extension of the magnetic survey in New Jersey and Ohio 
was assigned to Mr. C. J. Houston, Computer, Coast and Geodetic Survey. 

Mr. Kuehne reported to Mr. Houston at Greenfield, Ohio, on July 3 and began 
magnetic observations at that place. On July 7 the work was turned over to Mr. 
Kuehne, who continued it until September 18. During this period the elements of 
terrestrial magnetism were determined at the following places in Ohio: 

Berea. Greenfield. Ottawa. 
Bowling Green. Kelleys Island. Paulding. 
Bryan. Kenton. Port Clinton. 
Bucyrus. Lima. Put in Bay. 
Celina. Mansfield. Sandusky. 
Defiance. Marysville. Tiffin. 
Delaware. Maumee. Toledo. 
Elyria. Mount Gilead. Upper Sandusky. 
Findlay. Napoleon. \\'apakonela. 
Forest. Norwalk. \Vauseon. 
Fremont. Oberlin. 

Messrs. L. B. Smith and G. B. Pegram began work in New Jersey on July 3. Mr. 
Smith remained in the field until July 11 and Mr. Pegram made magnetic observations 
at three stations under his direction and instruction. After that date he continued the 
work until September 22. During this period observations were made to determine the 
elements of terrestrial magnetism at the following stations: 

Atlantic City. 
Barnegat Light-house. 
Bridgeton. 
Camden. 
Cape May Point. 
Chatsworth. 
Egg Island Light-house. 

Freehold. 
Lonr,branch. 
Mays Landing. 
Mount Holly. 
Mount Rose. 
Mount Royal. 
New Brunswick. 

Perth Am boy. 
Port ::-;'orris. 
Salem. 
Sandy Hook. 
Sea Isle City. 
Toms River. 
Trenton. 
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TOPOGRAPHY. VIRGINIA. E. B. LATHAM. 

TRIANGULATION. 
SUMMARY OF RJ;;SULTS. 

July 2 to .September 22. 

Topography: 
4 square miles area covered. 
3 miles shore line surveyed. 
2 miles shore line ponds surveyed. 
1 mile road surveyed. 
1 topographic sheet completed. 

Triangulation: 
56 square miles area covered. 

8 stations occupied. 
19 geographic positions determined. 

J\'ovember 4 to June 30. 

Topography: 
135 square miles area covered. 
170 miles shore line surveyed. 
76 miles shore line creeks surveyed. 

124 miles roads surveyed. 
2 topographic sheets completed. 

Triangulation: 
110 square miles area covered. 

15 stations occupied. 
23 geographic positions determined. 

The determination of the geographic position of certain objects in the vicinity of 
Hampton Roads, Virginia, was assigned to Assistant Latham. He began field opera
tions on July 2 and completed the work on the 20th, and was then engaged on other 
duty (in command of the steamer Blake), until September 16, when he returned to 
Hampton Roads to locate the position of the wharf at Sewells Point and to make an 
examination for a reported shoal spot in the vicinity of Willoughby Spit. This work 
was completed, on September 22, and the party was disbanded. 

The extension of the survey along the shore of Chesapeake Bay, south of Pocomoke 
River, was also assigned to Assistant Latham. He made the necessary preparations, 
and on November 4 organized a party at Onancock, Va. The triangulation was 
extended from Pocomoke River to Onancock Creek and the topography was extended 
a short distance beyond this point, to Pongoteague Creek. Unfavorable weather con
siderably delayed the work during the winter months. The work was in progress at 
the close of the fiscal year. 
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MAGNETIC OBSERVATIONS. 

Statesboro. 

Barboursville. 
Beattyville. 
Booneville. 
Brookville. 
Campton. 
Falmouth. 
Frenchburg. 
Georgetown. 
Harlan. 
Harrodsburg. 
Hazard. 
Hi ndmand. 
Hyden. 

\Vadesboro. 

Aiken. 
Aiken (Eustis Park). 
Bamberg. 
Barnwell. 
Beaufort. 

Athens. 
Clinton. 
Crossville. 
Dayton. 
Decatur. 

GEORGIA. 

KENTUCKY. 

NORTH CAROLINA. 

SOUTH CAROLINA. 

TENNESSEF,. 

Stations occupied. 

GEORGIA. 

KENTUCKY. 

Irvine. 
Inez. 
Jackson. 
Lancaster. 
Lawrenceburg. 
I,ondon. 
Louisa. 
Manchester. 
McKee. 
Monticello. 
Owenton. 
Paint5ville. 
Pikeville. 

NORTH CAROI,INA. 

SOUTH CAROI,INA. 

Bennettsville. 
Conway. 
Darlington. 
Georgetown. 
Kingstree. 

TENN!>SSEE. 

Dunlap. 
Hunt5dlle. 
Jamestown. 
Jasper. 

F. M. LITTLE. 

Pineville. 
Prestonsburg. 
Salversville. 
Sandy Hook. 
Somerset. 
Staunton. 
Versailles. 
West J,ibcrty. 
i;vhiteshurg. 
Williamsburg. 
\Villiamstown. 

!\fanning 
Marion. 
Moncks Corner. 
St. George. 
\Valterhoro. 

Kingston. 
LotHlon. 
Pikeville. 
\\'arthurg. 

The extension of the magnetic survey in various localities in the eastern division 
was ai-;signed to Assistant Little, and observations were made at the stations named 
above to determine the elements of the earth's magnetism. He reached Williamsburg, 
Ky., on July 3, and continued the work in this State until· October IO. The work in 
Tennessee began on October 22 and extended to November 27. The work in North 
Carolina was done in January, beginning on January 6, and in February the stations in 
South Carolina and Georgia were occupied. The field work for the fiscal year closed 
at Statesboro, Ga., on February 27. 
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HYDROGRAPHY. 

TOPOGRAPHY. 

1'RIANGULATION. 

DELAWARE. H. L. MARINDIN. 

ST.::ll:llARY OF RHSULTS. 

Hydrography: 
I square mile area co\·ered. 

29 miles lines sounde<l. 
r 988 soundings made. 

I tide station establishe<l. 
I hydrographic sheet completed. 

Topography: 
3 square miles area cm·ercd. 
8 miles coast line surveyed. 
4 miles shore line of creeks sun·eyecl. 

23 miles roads surveyed. 
1 topographic sheet completed. 

Triangulation: 
5 square miles area cm·cred. 
4 stations occupied. 

10 geographic positions determined. 

~------------------ --·--··--------··-

w----+---E 

,;,,, 0 --
Presb. Ch.t/-----1, - -

Starulpipcc/:--------

1 

Hydrogmphy and topography, Delaware. 

Nautical Miles 

0 
Kllonwlers 

1 

No. 1>. 

... -····· 

z 

The establishment of compass deviation range lines at Delaware Breakwater and a 
resurvey of the harbor of Lewes, Del., and the 11eighbori1ig shores were assigned to 
Assistant Marindin. He reached Lewes on July 18 and began work immediately. 
Some of the old triangulation stations were occupied and a mtmber of new geographic 
positions were determined. The position of the points on the breakwater where the 
range marks should be erected were determined and targets of an appropriate form 
were ordered. 
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The topographic work began on August 7 and was continued whenever the weather 
and other duties permitted until September 21. 

Assistant \V. I. Vinal joined the party on September 15 and assisted in the hydro
graphic work, remaining with the party until the 30th. A small naphtha launch was 
hired for use in the hydrographic work. 

The construction of the targets to mark the magnetic deviation ranges was delayed 
much longer than was expected, and on October 8 Mr. Marindin returned to \\Tashington. 

In December, while returning to \Vashington from special duty with the l\Iississippi 
River Commission, Mr. Marindin stopped at Fernandina, Fla., from the 3d to the 7th, 
and connected the tide staff with the numerous bench marks at that place by leveling 
between them. 

HYDROGRAPIIY. 

ToPoG RAP II v. 
TRIANGUI,ATION. 

FLORIDA. 

GEORGIA. 

W. E. PARKER, Commanding, 
Steamer 1-fydrographer. 

GJWRGE Or,SEN, Watch O.fficer. 
W. F. G1.ov1rn, /Vatcli O.flicer. 
\V. H. STANFORD, TVatd1 Officer. 
WM. B. PROCTOR, TVatd1 O.fficer. 
H. \V. l'i;;ERCE, Chief H11gi11eer. 
C. G. Qun.r.IAN, Aid. 
G. c. BAI.DWIN, Aid. 
T. T. FITCH, A id. 

SUMMARY OF RESULTS. 

Florida-- December IJ to June 4. 

Hy<lrography: 
16 square miles area covered. 

781 miles lines sounded. 
37 465 soundings made. 

2 tide stations established. 
3 hydrographic sheets completed. 

Topography: 
2 miles shore line surveyed. 
1 topographic sheet completed. 

Georgia-June I6 toJ1111e 30. 

Hy<lrography: 
11 square miles area covered. 

189 miles lines sounded. 
6 692 soundings ma<le. 

2 ticle stations established. 
1 hydrographic sheet completed. 

Topography: 
3 miles shore line surveyed. 

Triangulation: 
21 square miles area covered. 
5 stations occupiccl. 

Dec. 1 to Dec. 14. 
Dec. 1 to Dec. 29. 
Jan. I to l\Iar. 24. 
June 9 to June 30. 
Dec. 1 to June 30. 
Jan. I 1 to June 30. 
Mar. 24 to Apr. 16. 
Nov. 9 to June 30. 

5 geographic positions cle'_ermined. 
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Hydrographic examinations and surveys in the Yicinity of Key West, Fla., were 
assigned to Aid \V. E. Parker, commandiug the If_ydro.[rrnpl1cr, and he reached Key 
\Vest on December r 3. The signals in use during the previous season were found in 
position and only needed slight repairs. The tide-gauge station on Saml Key was 
recovered and a gauge was installed. From December to March unfavorable weather 
prevailed aud slow progress was made. 

Lines of soundings were made at intervals of 50 meters in two directions, nomial 
to each other, and these distances were subdivided whenever the soundings iudicated 
that this was desirable. A considerable portion of the area was coyered with the chan
nel sweep in use. The Southwest Channel was sounded for a width of one-fourth of a 
mile, from the Middle Ground to and across Satan Shoal, by lines a1ong the channel, 
and wherever the width of the channel made it practicable to maneuver the yessel these 
lines were crossed by others. Dangerous localities were covered with the channel sweep 
in use, to determine the greatest depth which could be carried over them with safety. 
In addition to the work mentioned above, an examination was made of several shoal 
spots in this vicinity. 

A channel was developed between Satan and Vestal shoals, and its limits and depths 
were determined by using the channel sweep. The hydrographic work was completed 
on June 3, and a topographic sun'ey was then made of the water front at Key West. 

On June IO the vessel sailed for St. Catherine Sound, Georgia, and reached there 
on the r 6th. Two tide gauges were established and the positions of signals were 
determined for use in the hydrographic survey of the entrance to St. Catherine Sound. 
This work was completed on June 30. 

H\'DROGRAPHY. 

1'RIANGUI,ATION. 

NEW HAJ\IPSHIRE. 

F. T. LAWTON, Aid. 

SU!lt:\IARY OF RESlII,TS. 

Hy<lrography: 
3 square miles area covered. 

138 miles lines sounded. 
9 315 soundings ma<le. 

3 tide stations established. 
3 current stations occupied. 
1 hy<lrographic sheet completed. 

Triangulation: 
2 square miles area CO\"ered. 

14 stations occupied. 
16 geographic positions determined. 

w. E. PARKER. 

The hydrographic resurvey of the Piscataqua River in the vicinity of Portsmouth, 
N. H., was assigned to Aid W. E. Parker. He reached Portsmouth on July 28 and 
made preparations to take up the work. Mr. La~vton reported on August ro, and the 
field work began on August 15. Several old triangulation stations were recovered and 
a number of new positions were determined for use in the hydrographic work. The 

10277-04--5 
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hydrographic survey of the river between Clarks Island and Birch Point began on 
August 27 and was completed on September 28. Simultaneous tide observations were 
made on a tide staff at Portsmouth and on one connected with the bench mark at Fort 
Constitution. Hydrographic work was then taken up in Little Harbor and in the 
passages south of the Piscataqua River. All the work was completed by October 15 
and the party was then disbanded. The ledge off Goat Island and the ledge above 
Three Tree Island were developed by special soundings. 

MAGNETIC OBSERVATIONS. 'fJ<;NNESSEE. E. D. PRESTON. 

The extension of the magnetic sun·ey in Tennessee was assigned to Assistant 
Preston, and the following stations were occupied between July 3 and September 5, 
when he was assigned to other duty and the field work closed: 

Athens. 
Benton. 
Rlountville. 
Cleveland. 
Dandriclge. 
Elizabethton.· 
Erwin. 

Greeneville. 
Jonesboro. 
Knoxville. 
l\Iaclisonville. 
Maynarclsville. 
Maryville. 
Morristown. 

Mountain City. 
Newport. 
Rogerville. 
Rutlcclgc. 
Se\·ierville. 
'fazewell. 

Observations to determine the elements of the earth's magnetism were made at all 
the stations named above. 

HYDROGRAPHY. 

TOPOGRAPHY. 

NEW JERSEY. 

NEW YORK. 

J. C. LANDERS, Aid. 

St;:l!:\lARY OF Rl\St:I.TS . 

. New Vork-.·lrt;.;ust 5 to .':iepte111ber II. 

Hydrography: 
60 miles lines sounded. 

3 081 soundings maclc. 
1 tide station established. 

1\'ew Jersey -September 23 to December 5. 

Hydrography: 
142 miles lines sounded. 

I 2 401 soundings maclc. 
2 tide stations established. 

Topography: 
31 miles of shore line surveyed. 
10 miles of low water shoals surveyed. 
3 miles of creeks surveyed. 

C. G. QuILLIAN. 
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The hydrographic examination of the Hudson River in the vicinity of Peekskill, 
K. Y., was assigned to Aid Quillian. He arrived at Peekskill in the launch Inspector 
on August 5 and made all necessary preparations for the work, under the direction of 
Assistant J. B. Boutelle, who had accompanied the party for the purpose of starting the 
work. In the vicinity of Stony Point lines of sounding were made along the ri\'er be<! 
and cr~ssed by a system of lines normal to the direction of the river, all lines being 200 
meters apart. Off Jones Point similar lines were sounded at intervals of r 40 meters, 
and these were crossed by other lines oblique to the direction of the river. Off .triangu
lation station Gra\'el the distance between the lines of soundings was decreased to r 20 

meters. 
From August 28 to 3 r the work was temporarily suspended while the party 

assisted in patrolling a regatta held by the Kew York Bay Regatta Association in the 
Kill von Kull. 

The work was completed 011 September I I. On September I 7 the launch, with 
the party on board, left New York via the Delaware and Raritan Canal and Cape !\fay, 
and reached Beachhaven, N. J., on the 23d. Signals were erected at old triangulation 
stations and the positions of other points were determined. 

Necessary repairs to the launch and unfavorable weather delayed the beginning of 
the work until October 19. The hydrographic work consisted of the sur\'ey of Kew 
Inlet, outside from a point opposite 1'ucker Beach Light to a point a short distance 
south of Little Beach Life-Saving Station, and offshore to the 3-fathom curw; and 
inside, the main channel to the northward was surveyed to the head of Tuckers Island, 
and the Shooting Thoro up to Se,·en Islands. Two systems of sounding lines were nm 
normal to each other with intervals of from r 50 to 200 meters. A survey was mnde of 
the shore line of Little Beach and the islands inside, and also of the changes at Tuckers 
Beach since the previous survey. The work was completed in the latter part of Kovem
her and the launch was taken to Atlantic City and stored. The party disbanded on 
December 5. 

COAST PILOT. CONNECTICCT. 

DBI.AW ARI<'.. 

MARYLAND. 

NEW JERSEY. 

NEW YORK. 

VIRGINIA. 

C. L. GREEN', Fh·st Watch Officer. 
H. C. GRAVBS, ,Vautical Expert. 
H. \\'. Pr:i,;RCE, C!zie.f Engineer. 
T. 0. l'l:J,IZZI, lVriter. 
J. W. OGDEN, !.'ecorder. 

J01-1N Ross, Commanding-, 
Steamer ffJ,drograp!icr. 

Sept. I to Nov. II. 

Oct. I to No\•, I I. 

Aug. 25 to Sept. 19. 

The work of making the investigations along the coast between Point Judith, 
Rhode Island, and the entrance to Chesapeake Bay, necessary for a revision of Parts IV 
and V of the United States Coast Pilot, Atlantic Coast, was assigned to Nautical Expert 
Ross, commanding the 11,ydrographer. He took command on August 24, but he was 
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delayed by an assignment to special duty and in making repairs until Septemlier 2, 

whe11 the Coast Pilot work began in the Hudson River. The work was continued until 
September I I, when the ship was again on special duty for two clays. The work was 
then continued without interruption until October 14, when it closed at \Vashington, 
D. C. 

Duri11g the season the vessel steamed through Lo11g Island Sound; New York Bay; 
Raritan Bay; Staten Island Sound; the Raritan River to New Brunswick; along the 
coast of :New Jersey to Lewes, Del.; through Delaware Bay and Raritan River to 
Gloucester; and then passed through tlie Delaware and Chesapeake Canal en route to 
\Vashington. Various places were visited and coast pilot information was collected 
from all available sources. 

The work was seriously delayed by unfavorable weather, but the locality covered 
hy the volumes mentioned was examined as thoroughly as the conditions permitted. 

In his report :Mr. Ross expresses his appreciation of the faithful and able manner 
in which the member;; of his party performed the duties assigned to them. 

MAG!\'E'rrc OBSERVATIONS. 

Ashville. 
Binningham. 
Center. 

Trenton. 

Alexandria.* 
Arcadia.* 
Bastrop.* 
. Renton. 
Colfax. 
Coushatta. 
Farmerville.* 
Floyd. 
Franklin. 
Franklinton. 
Gretna. 

ALARA:illA, 

GEORGIA.. 

LOUISIANA. 

OHIO. 

Stations ormpied. 

AI,AllAMA. 

Fort Payne. 
Gadsden. 
Guntersville. 

GIWRGIA. 

J,Ot:JSJANA. 

Harrisonburg.* 
Ho111er. 
Lake Charles.* 
I,ake Providence. 
Leesville. 
l\1ansfield. * 
:\!any.* 
Meriden. 
Monroe. 
Natchitoches.* 
l'laque11.1ine. 

* Meri<lian lines already established at these places. 

L.B. S!llITH. 

Oneonta. 
Scottsboro. 

Pointe a la Hache. 
Royville.* 
Ruston.* 
St. Bernard . 
St. Joseph. 
Shrc\·eport. 
Springville. 
Vidalia. 
Winnfield. 
\\'innshoro. * 
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Chardon. 
Eaton. 
Lancaster. 
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OHIO. 

Mansfield. 
Mount Vernon. 

Meridian. 
Ravenna. 

The extension of the magnetic survey in various localities in the eastern division 
was assigned to Mr. L. B. Smith, Magnetic ObserYer. He left Baldwin, Kans., on 
October 19 and proceeded to Oi1io, where he began work immediately after his arrival. 
After completing the observations at the stations in Ohio, named above, he continued 
his work in Alabama by making observations at the stations given in the above list, and 
completed it on December 26. Magnetic work in Louisiana was then taken up, and the 
places named in above list were occupied. 

The meridian lines already established at the Louisiana stations were verified, and 
similar lines were established at all stations where such lines were not in ex·istence, 
except at Leesville, where it was impracticable to mark such a line, and an azimuth 
line was substituted for it. The work for the season closed on March 3 r. 

W. S. Earhart, Magnetic Observer, was a member of the party October 21 to 22, 

and C. J. Metlicka, Magnetic Observer, from October 25 to December 4. 

TIDE OBSERVATIONS. FLORIDA. 

MARYLAND. 

NEW YORK. 

PE:"NSYLVANIA. 

Self-registering tide gauges were kept in operation throughout the year at the 
following places: 

Fort Hamilton, N. Y., J. G. Spaulding, Observer; Philadelphia, Pa., H. E. Olsen, 
Observer; Baltimore, Md., F. A. Ktnnmel, Observer, and Fernandina, Fla., B. \V. 
\Veeks, Observer. 

HYDROGRAPI-IY. l\IARYLAXD. 

VIRGINIA. 

W. I. VINAL, Commanding, 

J. \V. MAUPIN, Aid. 
R. J,. Lmnv, ..-lid. 
F. H. 8gWAJ,I,, Aid. 
C. V. IIODGSON, Aid. 
c. v. HODGSON, /Jcck Officer. 
G. T. RUDE, Deel.: Officer. 

SUl\l:llARY Ol' RHSC!,TS. 

Schooner flfatdtlcss. 

Oct. 24 to :\for. 30. 
No\'. 14 to June 20. 

Mar. 28 to Apr. 15. 
Apr. 13 to June 30. 
Mar. 31 to Apr. 12. 

Oct. 24 lo June 30. 

Little C!wpta11k Nivcr-1Vovcmbcr 4 to 11/arcll 23. 

62 miles lines sounclccl. 
3 086 soundings maclc. 

Potomac Nivcr-1Jfarc/1 25 to June 30. 

265 miles lines soundecl. 
15 413 soundings 111acle. 
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The continuation of the hydrographic survey of Little Choptank River, :Maryland, 
was assigned to Assistant Vinal, commanding the schooner .111atdiless. He sailed from 
Baltimore on October 31, and on November 4 the work in the ri,·er began. It was 
continued whenever the weather conditions permitted until December 24, after which 
date the unu~ually cold weather and resulting ice prevented soundings until :\farch 23, 
when the vessel sailed for Alexandria, to begin tJ1e hydrographic resurvey of the upper 
Potomac River. 

:. 0 

Hyclroi;:raph'y, :llnry\nn<I. 

Nautical Miles 

Ki lometersz 

; . ' 

No. 16. 

' 
The old triangulation stations were recovered, signals were built, and tides were 

observed. 1'he sounding work began on April 12 and was continued until June 30, and 
was in progress on that date. The area surveyed extends i;outhward from the line 
between Gravelly Point and Giesboro Point to Little Hunting Creek. 

In his report Assistant Vinal commends the efficient service rendered by the officers 
of the vessel. 
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M~GXBTIC OBSERVATIOXS. :-;mv JERSEY. 

\V. :\I. HILL, 11/agnetic Observer. 

Elizabeth. 
Fl em in g~o n. 

Stations occupied. 

Hackensack. 
Newark. 

W-ni. F. WALLIS. 

Paterson. 
Somen·ille. 

The direction of magnetic observations in ::-irew Jersey was assigned to Magnetic 
Observer \Vallis, and Mr. Hill was detailed to make the observations. 

'Mr. \Vallis accompanied l\'lr. Hill and assisted in the work at Elizabeth, Fleming
ton, and Somerville, and Mr. Hill occtrpied the remaining stations without assistance. 
Observation:.; began on June 7, and were in progress at the close of the year. Observa
tions to determine the elements of the earth's magnetism were made at each station. 

HYDROGRAPHY. MAINE. 

:MAGNETIC OBSERVATIONS. NEW JERSEY. 

VIRGINIA. 

\V:11. M. ATKINSON, First Watch Officer. 
G. E. MARCHAND, Surgeon. 
:M. F. FLANNERY, Chief Engineer. 
J. A. :McGREGOR, Scro11d /Vatch Officer. 
WM. SANGER, Captain's Clerk. 
E. c. SASNETT, Aid. 
J. W. YATES, Deck Officer, Second Class. 
E. V. MILLER,]imior Captain's Clerk. 

P. A. \VEI.KER, Commanding, 
Steamer Bache. 

Hydrographic examinations, off the coast of Maine, off the coast of Virginia, and 
off the coast of New Jersey, and magnetic observations at sea were assigned to Assistant 
\Velker, commanding the steamer Bache. 

The vessel left Baltimore on August 13 and proceeded to Winter Quarter Shoal, 
off the coast of Virginia, where several miles of lines were soui1ded without discovering 
any uncharted shoal. 

At Delaware Breakwater, on the 15th, observations were made to determine the 
magnetic variation in this vicinity. For this purpose two complete sets of observations 
were made by swinging the ship and noting the deviation of the standard compass. 
One set was made in the morning and the other in the afternoon, the deviation being 
noted on the sixteen main points of the compass by swin~ing the ship in each set with 
the starboard and with the port helm. 

From August 16 to November 4 Mr. Welker was <tbsent from the ship on other duty, 
and the account of the work of the party during this period is given under the name of 
Assistant J. B. Boutelle, who was temporarily in command. 

An attempt was made to discover a shoal reported in the vicinity of Boon Island 
Light-house, Maine, but without success. 

This work was completed on the 9th, after several days' delay on account of unfa\'or
able weather, and the ve~sel then proceeded to New York to make a special examination 
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in the vicinity of Sandy Hook Light-ship, where a shoal had been reported. The shoal 
was found and developed, the entire locality being thoroughly covered by sounding and 
by going over the area with a channel sweep. 

The work was ag-ain delayed by unfavorable weather and was not completed until 
November 25, when the vessel sailed for Baltimore, arriving there on the 27th. 

HYDROGRAPIIY. FLORIDA. 

:MAR \'LAND. 

SOU'rH CAROLINA. 

J. A. McGREGOR, /Vatch Officer. 
R. McD. l\Ios1<:R, /Vatch Officer. 
H. G. LOCKE, Chief E11gt'11cer. 
D. R. jF.WEI.I., .-lid. 
E. \V. KRAMER, .-lid. 
B. D. BARKER, Aid. 
J. H. S11\IPSON, /Jeck Qflicer. 

VIRGINIA. 

Sl::lf!llARY 01' RESUI.'l'S. 

F. A. YOUNG, Commanding, 
Steamer Endeavor. 

July r to Aug. 8. 
Sept. 4 to :-iov. 9. 

Feb. 2 to June 30. 

July I to July 12. 

July 16 to :NO\·. 9. 

Potomac Niver-July I lo .Vovember8. 

275 miles lines soun<lecl. 
20 477 soundings made. 

I tide station occupiecl. 

Key 1Vcst-FebrulllJ' 23 to 11/ay JI. 

472 miles lines sounded. 
18 484 soundings maclc. 

lbrt Noya!-j1111e 8 to I7. 

2 miles lines souncled. 
I geographic position t!etermine<l. 

On July 1 the hydrographic resurvey of Kettle Bottom Shoals in the Potomac River 
was in progress by a party on the steamer E11dca-vor under the. command of Assistant 
Young. 'rhe work was continued whenever the weather and other conditions permitted 
until November 8, when the work closed for the season, and the vessel sailed f~r 
Baltimore. 

The work consisted in developing the shoal spots, which are very numerous in that 
portion of the river between Cobb Point Bar Light and Lower Cedar Point Light-house, 
and the progress was slow, as the shoal spots are generally small and difficult to locate. 
A small buoy was placed over each spot selected for examination, and radial lines of 
soundings were made from it as a center in various directions, covering the area in its 
vicinity. 

A hydrographic survey was also made of Mattox Creek and Munroe Bay, and tide 
observations were made at Colonial Beach the· entire season. Between Julv 7 and 12 
the vessel was at Norfolk having repairs made, and the launch was absent on special 
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duty August 27 to September r 1. From September 6 to 8 the Endeavor was detailed 
to patrol duty in the Potomac regatta, under direction of Assistant D. B. \Vainwright, 
and 011 the 9th was hauled out at Alexandria, Va., to dean her bottom and paint the 
propeller. The Yessel arrived at Baltimore on November 9. 

On February 15 Assistant Young, commanding the Endeavor, sailed from Norfolk, 
Va., for Key \Vest, Fla., with Mr. Charles H. Lewis on board as pilot. The vessel 
reached her destination on the 23d, and some necessary repairs were made. The hydro
graphic work began on March 2, and systems of lines normal to each other were sounded 
at intervals of 30 meters. The greater portion of this work was done with the channel 
sweep in use, and many shoal spots were discovered in this way which were not indi
cated by the soundings, in spite of the fact that they were uuusually close together. A 
shoal in the southeast channel on which the U. S. S. Jfo11tgome1y touched iu entering 
the harbor was located and its pos;tion determined, and it was found that the channel 
buoy \\'as 200 meters away from its proper position. 

Necessary repairs to the boilers of the vessel were made between April 26 and 
:'.\fay 7. 

The hydrographic work was completed on May 3 r. 
In his report Assistant Young expresses his appreciation of the courtesy and 

kindness shown him by Capt. G. A. Bicknell, U.S. Navy, commandant of the naval 
station at Key \Vest, in supplying the ship with coa~ and water and in allowing the use 
of the machine shop to make repairs to the ship. He also commends the proficiency 
and zeal displayed by the officers in perfonning the duties assigned to them. 

On June 5 the ship sailed for Port Royal, S. C., and reached there on the 8th. 
The geographic position of the new Hilton Head front range light was determined, 

and a line of soundings was made on the Hilton Head range from the bell buoy to the 
sea buoy, a distance of about 2 miles, which completed the field work for the Eeason. 
The vessel was detained in Port Royal until June 17, and reached Norfolk on the 19th. 



LEVELING. 

F. H. SEWALL, At'd. 

MIDDLE DIVISION. 

TEXAS. 

Sl'.:111\IARV OF RESt:I,TS. 

303 kilometers of line completed. 
76 bench marks established. 

G. C. BALDWIN. 

The extension of the standard levels in -Texas was assigned to G. C. Baldwin, Aid, 
Coast and Geodetic SurYey. He reached Taylor, Tex., on November 3, 1903, com
pleted the necessary preparations for field work, and began observations on November 5. 

The levels began on bench marks previously established at Holland and ended at 
New Braunfels. The route followed the Missouri, Kansas and Texas Railway to San 
Marcos, via Smithville, and the International and Great Northern Railroad from that 
place to New Braunfels. From Elgin a branch line was leveled along the Houston and 
Texas Central Railway to Austin, and thence 1 3 kilometers across the country to station 
Barton of the triangulation along the ninety-eighth meridian. From New Braunfels 
another branch line was leveled 7 kilometers across the country to station Seguin \Vest 
Base of the triangulation along the ninety-eighth meridian. Seventy-six permanent 
bench marks were established during the season; 49 of these were new and 27 had 
been pre\'iously established by the United States Geological Survey. One of the monu
ments marking the longitude station in the grounds around the capitol at Austin and 
the monuments at the triangulation stations Barton and Seguin \Vest Base were used 
as bench marks. The usual method of work was followed and the line was leveled 
at least once in each direction. Temporary bench marks were established at intervals 
of 1 to 2 kilometers for the purpose of comparing the results obtained from the forward 
and backward lines. 

The extremely rough character of the country between Austin and triangulation 
station Barton caused some delay in the work, but no other serious obstacles were 
encountered during the season. 

Mr. Sewall shared in the work of making the observations during the entire season. 
Velocipede cars were used as the means of transportation, and the thanks of the 

StirYey are due the rail way companies mentioned for their courtesy in granting the 
privilege of using these cars on their tracks. 

RECONNAISSANCJ~. 

SIGNAL BUILDING. 

l\1INNESOTA. 

SUMMARY OF RESUJ,TS. 

Reconnaissance: 
4 1 oo square miles area covered. 

55 triangulation stations selected. 
Signal building: 

16 signals erected. 

w. H. BURGER. 

77 
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On July I, 1903, the reconnais.o;ance and signal-building parties under the direction 
of Assistant Burger were acth·ely engaged in field work, as stated in the preceding 
Annual Report, in the Yicinity of Felton. 

The work made rapid progress, and the reconnaissance was completed to the bound
ary line between the L'nited States and Canada on July 31. The work follows the 
valley of the Red River of the :•forth 011 the east side of the river, and the triangulation· 
stations 011 the west side of the scheme are all near the Great Northern R\ilway. The 
use of the grain elevators at the railway stations materially aided in the progress of the 
work. 

On August r the party proceeded to Stephen, Minn., and selected a site for a base 
line a short distance from the town. After marking the ends of the base line, the party 
and outfit went hy rail to Fergus Falls, Minn., for the purpose of extending the recon
naissance east from the vicinity of that place. The work began on August 14 and was 
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extended east to the Mississippi River, and a connection was made with the triangulation 
of the Mississippi River Commission at Brockway station. The work then follows the 
Missis.-;ippi River to the vicinity of Aitkin, where the work stopped for the season. 
The work was again connected with the triangulation of the Mississippi River Commis
sion at Brainard station, and other stations are available for this purpose. A base line 
was selected and marked near Rice, Minn., and on October 7 the field work closed for 
the season. The progress of the reconnaissance, July r to October 7, equals 480 kilo
meters, measured along the axis of the scheme . 

.:\fr. Burger commends all the members of his party for their faithfulnes.-; and zeal 
in performing the duties assigned to them. He states that Signalman J. S. Bilby and 
Foreman V.l. C. :Nohl deserve special praise, and that, to a great extent, the rapid 
progress of the work was due to .Mr. Bilby's experience and to Ins ability to perform 
all duties assigned to him. 
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As'rR0No11nc OnsERVATIONs. 

TRIANGULATION. 

IIIINNESOTA. 

NORTH DAKOTA. 

SOUTH DAKOTA. 

V./. H. BURGER. 

W. A. Krn.IPllR, Aid. 
E. R. \V1nIA!I.', Nccorder. 
J. 8. RH.BY, Sig11alma11. 
E. E; 'roRREY, Foreman. 

SUM:\!ARY OF RJ<;.<;UI,TS. 

Astronomic observations: 

97 oo' 

1 azimuth <letermine<I. 
Triangulation: 

500 sc1uare miles area covered. 
s stations occupied. 

June 24 to June 30. 

May 24 to June 19. 

No. 2t. 

96 oo' 

Mll'l'NESOTA 

__ .... -_...oBulh.'11 

IO t 0 10 10 M) 

'frinn~ulatiou. 

The extension of the triangulation northward along the ninety-eighth meridian, in 
Miimesota, was assigned to Assistant Burger. A signal building party was organized 
at Brown Valley, Minn., on May 10, in charge of J. S. Bilby, and signals were erected 
at six triangulation stations before the end of June. The observing party was organ
ized at Brown Valley on May 24, and the measurement of angles began at triangulation 
station Drywood on May 30. Stations Layden, Enwiller, Hankinson, and Oscarson 
were then occupied in the order named, and the observations at Oscarson were in progress 
at the close of the fiscal year. 

Mr. E. E. Torrey died in camp on June 19, 1904, after many years of faithful service 
as foreman in various parties of the Survey. 

Unfavorable weather caused some delay in the work in the early part of June. 
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TRIANGULATION. TF:XAS. 0. \\T. FERGUSON. 

MINNESOTA. 

SOUTH DAKOTA. 
\V, H. BuRGBH, Assistant. Nov. 10 to Jan. I I. 

SUM~lARY OF RF.SUI.'rs. 

Jlfi1111esola and Soutli /)akota.-July 1 to October fl· 

3 ooo square miles area co,·ere<l. 
29 stations occupied. 
90 geographic positions detennine<l. 

Texas . ...,-lVoz,c111bt•r 10, 1903, t0Ja1111a1y 11, 1904. 

2 400 square miles area co,·erecl. 
26 stations occupiecl. 
82 geographic positions determine<l. 

The triangulation along the ninety-eighth meridian northward in South Dakota 
was in progress on July 1 under the direction of Assistant Ferguson, and the party had 
reached station Crane. The following primary stations were then occupied before the 
work closed on October 17, viz: Caldwell, l'l'liner,· Drakocola, Brock, Hansen, Jeska, 
Larson, \Vciss, Oakwood, Lake, Horswill, Olson, Elfring, Franklin, Helgen, :Mottnd, 
Boating, \Vaubay, Pickerel, Preachers Hill, Drywood, Layden, Brown Valley :North
west Base, and Brown Valley Southeast Base. 

In addition to these stations, six auxiliary stations were occupied. All the necessary 
obsen-ations were completed on October I 7 and preparations were immediately made to 
continue the triangulation southward in Texas from the vicinity of Lampasas. A 
portion of the outfit, which was not needed in Texas, was stored at Brown Valley, and 
the rest of it was shipped by rail to Texas. The party started south on October 22 
and reached Lampasas on the 25th. Repairs were made to the outfit and all other 
preparations were completed to place a signal-building p;:irty and two observing parties 
in the field. 

The si~nal-building party started to work on K ovember 4, under charge of Signal
man J. S. Bilby, and on :November 10 the light keepers were in place and the observers 
were ready to begin observations. 

Assistant W. H. Buq.~er had repoTted for duty as chief of the second observing 
party and remained with. Mr. Ferguson during the occupation of the first two stations, 
May and Gabriel, and the observations at these stations were divided between these two 
observen;. 

On :November 19 Mr. Burger began work with a separate party and from that date 
ttntil the close of the season the two observing parties were at work continuously when
ever the weather and other conditions permitted until January 1 I, when the obsen·a
tions were completed for the season. 

The following triangulation stations were occupied, viz: May, Gabriel, Post, Buz
zard, Travis, Shovel, Shingle, Barton, Cedar, Carpenter, Loneman, Krueger, Hugo, 
Gus, Bear, Mission, Tieken, Seguin East Base, Seguin \Vest Base, l\lott, Herndon, 
Central, Thomas, Lavernia, Serita, and Stockdale. 

The observations were made in the afternoon and at night, the vertical angles being 
10277-04--6 
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measured first, then the horizontal angles for secondary and tertiary determinations, 
and finally, the observations on the primary triangulation stations were mac\e. 

In South Dakota the observations began at 3 p. m. and continued until 1 r .30 when 
the conditions were suitable, and in Texas the observing hours extended from 2. 30 p. 111. 

until 11 p. m. 
The outfit was placed in storage at Floresville, Tex., and on January 18 the party 

was disbanded. 
~Ir. Ferguson reports the valuable assistance rendered by Assistant Burger, and 

makes favorable mention of, Signalman J. S. Bilby, Foremen E. E. Torrey and C. E. 
Schurch, and Recorders E. R. \Vitman and \V. A. Barber. 

EsTABLISHllIENT OF TrnE GAUGE. 'rEXAS. H. L. MARINDIN. 

A<;ivantage was taken of Assistant Marindin's presence in New Orleans, La., on 
duty with the Mississippi Ri\•er Commission, by directing him to establish a self
registering tide gauge at Galveston, Tex. He reached Gah-eston on November 18 and 
immediately visited the office of Capt. Edgar Jadwin, Corps of Engineers, U. S. Army, 
in charge of the harbor improvement at Galveston, for information as to the best 
available site for the tide gauge. The officer in charge of the office offered the use of a 
tide-gauge house at Fort Point, the best available situation for the gauge. The 
necessary repairs were made and a self-registering tide gauge was mounted and placed 
in running order. The tide staff was referred to permanent bene:h marks by leveling 
and the work was completed on November 29. 

MAGNETIC Ous1mvATIONS. KANSAS. 

R. E. ::s'YSWANDER, 11/agnctic Observer . 

Cottonwood Falls. 
Council Grove. 

. 5tatio11s occupied. 

Emporia. 
:Marion. 

L. B. S!llITH. 

Newton. 

The extension of the magnetic survey in Kansas was assigned to Mr. L. B. Smith, 
l\fagnetic Observer. 

On June 8, Mr. R. E. Kyswander, Magnetic Observer, reported to him for instruc
tion in magnetic work. Observations were made on two days at the observatory at 
Bald\\'in, and then Mr. Smith accompanied l\Ir. Nyswander to Council Grove and 
Emporia, where the elements of the earth's magnetism were determined previous to 
June 22. On that date Mr. Smith returned to Baldwin and Mr. Nyswander proceeded 
to make magnetic observations at the other stations named in the list. The work was 
in progress at Newton at the close of the fiscal year. 
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Tum 0BSERVA TIO NS. TEXAS. 

A self-registering tide gauge was established at Galveston, Tex., in November, and 
a record of the tides was obtained <luring the remainder of the year. From November 
to April, J. P. Fine was the observer; and after May 1, this position was held by J. D. 
\Varren. 

MAGNETIC 0BSBRVATIONS. KANSAS. 

:lllSSOURI. 

\V. C. BAUER, Jl/ag11ctic Observer .. ,,. 
L. B. S:111TII, Jfagndir Obscr<'cr. 
R. E. ~\'SWANI>ER, Jlfagnctic Observer. 
H. I. \Vooos, Jlfag11ctic Obscrz•cr. 

\V:-.r. F. \\TALLIS. 

Jan. 1 to June 30. 

Mar. 15 to June 5. 
July l to Aug. 15. 

The direction of the \vork at the Magnetic Observatory at Baldwin, Kana., was 
assigned to Magnetic Observer \V. F. \\Tallis. He was present at Baldwin and assisted 
in the work July r to 31, and after that date he conducted the work at the 1vlagnetic 
Observatory at Cheltenham, Mel., under the direction of Assistant L. A. Bauer, but still 
retained the direction of the work at Baldwin. From August 1 to December 31, Mr. 
\V. C. Bauer was in immediate charge of the work at Baldwin and from January 1 to 
June 30 Mr. Smith was in immediate charge. A self-registering magnetograph was in 
continuous operation during the year, and absolute observations for the determination 
of the base lines were made once a \Yeek and of the scale values once a month. On the 
1st and 15th of each month, the magnetograph was run at a rapid rate for two hours to 
cooperate in the international programme of observations undertaken June r, 1903. 

Two hands, D. C. Sowers and J. P. Ault, were employed at this observatory and 
performed such duties as were assigned to them. 

Mr. H. I. \Voocls, Magnetic Observer, made observations to test his instruments at 
the Magnetic Observatory at Baldwin. Kans., and on July 4 proceeded to Missouri and 
determined the elements of terrestrial magnetism at the following places: 

Albany. 
Bolivar. 
Bowling Green. 
Chillicothe. 
Clinton. 

Edina. 
Fayette. 
Gallatin. 
Lexington. 
Marshfield. 

:\lcxico. 
Osceola. 
Plattshurg. 

On August 15 he was compelled by sickness to close field for the season. 
--------·-----·--·· ·-·-·-·------------·-·-----

*Service not continuous. Employed at such intervals as proved to be necessary. 



LEVELING. 

WESTERN DIVISION. 

WASHINGTON. 

SUMMARY OF RESUI,TS. 

159 kilometers of line completed. 
46 bench marks established. 

G. c. BALDWIN. 

The extension of the standard levels eastward from Seattle, \Vash., was assigned 
to G. C. Baldwin, Aid, Coast and Geodetic Survey, and he reached Seattle on May 1. 

A party was organized and preparations were made for the field work, which began on 
the 7th. The line began on the reference bench marks for the tide gauge at Seattle 
and was extended along the Northern Pacific Railway to Auburn, and thence eastward 
along the same railroad to Clealum, where the party was at work on June 30. The 
work was done in the usual manner, and all portions of the line were leveled at least 
once in each direction. Instead of establishing temporary bench marks, as usual, a nail 
driven into the woooen posts erected by the railroad company at nearly all mileposts to 
support extra rails, was used. The rods were supported at turning points on the rails 
of the roadbed, except that foot pins were used as often as possible when trains passed 
and during very windy days. In the progress of the work it was carried through the 
Stampede Tunnel, 2 miles long. While working in the tunnel, small electric reading 
lights were used by the observer and rodmen, and the rods were illuminated by using 
acetylene gas lamps. The work in this tunnel and the steep mountain grades over a 
portion of the line retarded the progress of the work considerably. 

The officials of the Northern Pacific Railway were unwilling to grant the privilege 
of using velocipede cars on their tracks, but they generously placed a freight car at the 
disposal of the party and hauled this car from place to place as requested. No charge 
was made for this service, which greatly facilitated the progress of the work in the 
sparsely settled region over which a portion of the route passed. The thanks of the 
Survey are due the company for the above and other courtesies extended to the party. 

The chief of the party commends the service of all the members, and especially 
mentions the efficient work done by Mr. George W. Myers, Recorder. 

HYDROGRAPHY. 

TOPOGRAPHY. 

TRIANGULATION. 

CALIFORNIA. H. C. DENSON. 

In accordance with a request from the Secretary of the Navy a survey was made 
of a tract of land near California City Point, San Francisco Bay. This work was 
assigned to Assistant H. C. Denson under the general direction of Assistant A. F. 
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Rodgers, in charge of the suboffice at San Francisco, Cal. Ile reported to Assistant 
Rodgers on October 9, and the work in the field covered the period from October 23 to 
January 6, A self-registering tide gauge was established on October 23, and a con
tinuous record was obtained for two and one-half months. A short base line was 
measured with a steel tape, from which a triangulation covering the area to be surveyed 
was extended to a connection with the triangulation of San Francisco Bay. Cross
section liues were run at intervals of 25 feet by leveling, from the line of mean low 
water to an elevation of 40 feet, and the elevation was determined at each intersection. 
From these ele\·ations contour lines at intervals of 2 feet up to 30 feet were determined 
with a plane table. The lines of mean high water and of mean low water were also 
determined. The cross-section lines were extended offshore to a depth of 50 feet. A 
line marked at intervals of 25 feet was fastened on shore and then stretched over the 
water, and the soundings were made at the points indicated by the marks, and the time 
was recorded at intervals of five minutes, in order to correct for changes of the tidal 
level. This system of doing the hydrographic work was suggested by Assistant Rodgers, 
and was entirely satisfactory. The progress of the work was slow on account of unfa
vorable weather, which delayed the completion of the work until January 6, when the 
party was disbanded. 

HYDROGRAPHY. W ASI-IING'rON. 

\V. H. STANFORD, lVatc/1 Oj/irer. 
A. A. DUNNING, lllatc. 
J. R. HURI.EY, Assista11t Surgeon. 
J. w. MAUPIN, Aid. 
LARS JENSEN, Pilot. 

SUi\DIARY OF RJ(SUI,TS . 

E. F. DICKINS, Commanding, 
Steamer Gedney. 

. San j11a11 Clza1111el, .South Jc.'11/ranre. 

10 square miles area covere<l. 
102 miles lines sounded. 

I 442 soundings ma<le. 
1 tide station established. 

Hein Rank, Juan de l;itea Strait. 

2 square miles area covcre11. 
39 miles lines sounded. 

5<)8 soundings ma<le. 

Hydrographic examinations in San Juan Channel and in Juan de Fuca Strait were 
assigned to Assistant Dickins, commanding the steamer GedneJ'· He made prepara
tions for the work at San Francisco and sailed for San Juan Channel on May 8. Coal 
and mess stores were obtained at Victoria, British Columbia, and the field work began 
on the 17th. The work in San Juan Channel was completed on the 27th and the 
examination of Hein Bank began the same day. The position of a dangerous rock on 
this bank was determined. The work was completed on the 30th, and the vessel 
proceeded to Seattle, via Victoria, British Columbia. 
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AsTRON011nc OBSERVATIONS. 

lVIAG.NETIC OBSERVATIONS. 

:;l!ON'l'ANA. 

SU:\IMARV OF RESUJ,TS. 

Astronomic observations: 
I longitude detenninecl. 

l\Iagnetic obsen·ations: 
3 stations occupiecl. 

\V:.11. EllllBECK. 

E. D. PRESTON. 

The determination of the longitude of Chinook, ::\font., from Helena as a base 
station was assigned to Assistants Eimbeck and Preston, who were placed in charge 
of cooperating parties. 

Mr. Eimbeck reached Chinook on September 11, 1903, and immediately selected 
a suitable site for the longitude station. A pier was erected to support the astronomical 
transit, and a small observatory was constructed for temporary use. After considerable 
delay the observatory was connected by wire with the \Vestern Union Telegraph lines 
at the railroad station, but the preliminary test of the line connection with Helena 
could not be made until September 20. Further delay was caused by cloudy weather, 
and the observers were not ready to exchange stations until October 7, when the first 
part of the work was completed. 

Mr. Eimbeck waited in Chinook until :\fr. Preston arrived, and went to Helena 
on the 11th. It was cloudy on the 12th, but observations were obtained on the 13th, 
14th, and 15th, thus completing the determination of the difference of longitude 
between Helena and Chinook. 

. While at Helena :\Ir. Eimbeck measured a short base line and connected the longi
tude station with one of the triangulation points of the United States Geological 
Survey, and determined the geographic position of three church steeples at the request 
of the officer of that Survey who was extending the topographic survey in the vicinity. 

Mr. Eimbeck left Helena on October 24 en route to \Vashington. 
Mr. Preston reached Helena on September 14 and immediately began preparations 

for the work. There was some delay in securing workmen to build a pier and to con
nect the astronomic station with the main line of the \Vestern Union Telegraph Com
pany, and the station was not ready for ast.ronomic observations until September 23. 
\Vhile waiting for the cotnpletion of this work, observations were tnade to determine 
the elements of the earth's magnetism. On September 23 preliminary observations 
were made, but bad weather prevented regular observations until the 28th, and the 
necessary observations were not completed until October 7. On the 9th Mr. Preston 
proceeded to Chinook to exchange stations with Mr. Eimbeck, and made magnetic 
observations on the 12th and I 3th, and again on the 19th and 20th. 

The astronomic observations at Chinook were completed on the 15th. On Octo
ber 24 he went to Glasgow, Mont., and made observations to determine the elements of 
the earth's magnetfsm at that place. He completed the work on the 26th. and closed 
field work for the season on that date. 
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AsTRONO!liIC OnsERVATIONs. 

RECONNAISSANCE. 

TRIANGULATION. 

CALIFORNIA. 

OREGON. 

WASHINGTON. 

SUMMARY OF RESUJ,TS. 

July I to LVovember 20. 

Astronomic observations: 
4 azimuths detem1ined. 

Reconnaissance: 
7 200 square miles area covered. 

19 triangulation stations selected. 
Triangulation: 

1 I 350 square miles area covered. 
19 stations occupied. 
78 geographic positions determined. 

April 2 to June 30. 

Reconnaissance: 
10 ooo square miles area covered. 

9 triangulation stations selected. 
Triangulation: 

10 ooo square miles area covered. 
9 stations occupied. 

25 geographic positions determined. 

0. B. FRENCH. 

The extension of the primary triangulation in Oregon was in progress on July r by 
a party under the direction of Assistant French, and on that date the observing party 
was ready to mo\·e from station Roman to station Spencer. The following stations 
were then occupied in the order stated, viz: Spencer, Peterson, Mary, Yam, Hult, 
Barnes, Larch, Rocky Butte, River, Oregonian, Warren, Harney, Rauch, South Base, 
and University. 

Rocky Butte, River, Oregonian, and Harney were occupied as secondary points to 
connect the Columbia River triangulation and the bench mark and astronomic station 
at Portland, Oreg., with the work in hand. University was used to connect the bench 
mark and astronomic station near Eugene, Oreg. 

Four additional secondary stations were occupied to connect a general land survey 
monument in the vicinity of Portland. The astronomic azimuth of a line in the main 
scheme of triangulation was determined at fotir stations, viz: Spencer, Mary, Yam, and 
Barnes. 

It was necessary to erect signals at 6 out of the 19 stations. Heliotropes, lamps, 
and signals or targets were used on this work. In spite of these precautions the work 
was considerably delayed by unfavorable weather conditions. The observations for 
horizontal angles were made in the afternoon and at night until midnight whenever the 
lights could be seen. The signals or targets were rarely available for observations 
except on lines less than 20 miles long, and then only under favorable conditions. The 
light from the lamps was too indistinct for good observations on lines over 40 miles long 
unless the atmosphere was fairly clear. 

The positions of a number of mountain peaks were determined. 
nection was made with a bench mark established by the United 

At Portland con
States Geological 
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Survey and with the Coast and Geodetic Sur\'ey astronomic station. A connection was 
also made with the triangulations along the Columbia Ri\'er and along the \Villamette 
River. The geographic position of the mom1ment marking- the intersection of the 
Willamette meridian and the First Standard Parallel, of the Vnited States General Land 
Office, '"a:.; clcterminecl. 

At Eugene connection was made with a bench mark of the United States Geolog
ical Sun·ey and with the old obser\'atory on Skinners Butte. 

The \\'Ork of preparing the stations for occupation, of opening trails, etc., was done 
by a sul>party in charge of the foreman, D. A. I.,ewis, who did his work in a thorough, 
expeditious, and complete manner. There were only three stations where it was neces
sary to use pack auimals. 

Observations were discontinued on October 14. and the party proceeded to Eugene, 
where the property was stored and the party disbanded. 

::\fr. French started on the r 8th to extend the reconnaissance to the southward 
from the line Yellow to Fairview, and continued the work until Koyember 20, aided by 
Foreman Lewis. Fourteen stations were visited on this work and a scheme of triangu
lation was selected which extends the work 350 miles southward to a junction with the 
transcontinental triangulation along the thirty-ninth parallel on the line :\fount Helena 
to Marysville Butte. 

\Vork on the primary triangulation north of San Francisco was resumed in April 
by Assistant French. He reached Tacoma, Wash., on April 2, and began the work of 
reconnaissance immediately. Stations were selected to connect the Tacoma longitude 
station with the triangulation and a site for a base line \\·as also selected. Five days 
were spent at Eugene, Oreg., putting the camp outfit in order and completing the organ
ization of the party. On April 12 the outfit for the building party was sent by rail to 
Corning and for the observing party to Marysville, Cal, while Assistant French yisited 
two stations on reconnaissance. The building party in charge of D. A. Lewis, Fore
man, started from Corning on April 2 r, and prepared the following stations for occupa
tion before June 30, viz: Kent, Round, Bally, Redding, Astronomic Station, Mears, 
Spur, Boliver, Gazelle, Sterling, and Soda. At Round, the lines to the other stations 
were cut through timber and at two of the stations the construction of trails was espe
cially difficult. At Mears station, it was necessary to build ladders for use in reaching 
the station. Mr. Lewis is commended by his chief for his faithful attention to his work 
and for accomplishing so much in the face of so many difficulties. The observing party 
was left at work preparing Marysville Butte station while Mr. French visited Snow 
Mountain to verify the reconnaissance and post a heliotrope. He returned to Marys
ville Butte on May 2, and the observation of angles began on the following day. There 
was considerable delay at this station caused by unfavorable weather, failure of helio
trope to show, etc., and finally a severe storm destroyed the tent and injured the instru
ments by rolling some of them off the low signal on which they were mounted to the 
rocks below. Deep snow was encountered at Snow Mountain, and the wind was very 
strong nearly all the time. The observations at Lyons were made by l\fr. J. S. Hill, 
Aid, while Mr. French was on reconnaissance in the vicinity of Mount Shasta. Mr. 
Hill also made the observations at station Bally while l\Ir. French was on reconnais
sance near the California-Oregon boundary. The following s'tations were occupied in 
the order named: Marysville Butte, Snow Mountain, Kent, Lyons, Round, Redding, 



APPE.NDIX NO. 1. DETAILS OF FIELD OPERATIO~S. 

123° 30' 

Roman 

.. 

+ 

_J_ 
I 

JO 10 

N.Yallo 
Baity 

122· 30' 121· 30' 

Stat..te Miles 

Kilometers 

"' 000 ''° 

1.'riaugulalion nnd reconnaissance, Ca1iiornia and Oregon. 

No. 26. 

i.o· 

--

•OO 

... 

93 



94 COAST AND GEODETIC SURVEY REPORT, 1904. 

Bally, Mears, and Spur. The observations were in progress at Spur on June 30. 
Observations to determine an azimuth were made at ~Iarysville Butte, Snow .Mountain, 
Kent, Lyons, and Round. Observations for time were also made at these stations. 
Observations were made at all stations to determine the double zenith distance of the 
other stations visible from the observing point and the positions and elevations of all 
prominent mountain peaks were determined. Mr. J. S. Hill reported for duty in the 
party at Marysville Butte on April 27. 

MAG:N"ETIC OBSERVATIONS. CAUFORNIA. D. I,. HAZARD. 

Advantage was taken of the presence of Mr. D. L. Hazard in San Francisco on other 
duty by instructing him to make magnetic observations at a few stations in that vicinity. 
The old magnetic station in San Francisco at thePresidio is no longer available, and a 
new one was established and occupied on Presidio Hill. Stations were then occupied 

-in the following places, and at all these stations observations were made to determine 
the elements of the earth's magnetism: Berkeley, Goat Island, San Jose, Santa Cruz, 
and Stanford University. The work was done between April 21 and May 12, at such 
times as the demands of Mr. Hazard's assignment in connection with magnetic observa
tions on board ship permitted. 

LEVELING. IDAHO. 

WYOJIIING. 

SUMMARY OF RESUl.TS. 

534 kilometers of line completed. 
72 bench marks established. 

H. D. KING. 

On July l, the standard levels were being extended westward in \Vyoming by a 
party under the direction of Aid H. D. King, and the work had reached a point l 3 
miles east of Greenriver. The leveling instrument was accidentally injured on July 8, 
and this caused several days' delay, but with this exception the work proceeded without 
interruption until July 31, when the levels joined the line from the westward at a point 
about 2 miles west of Azusa, Wyo. 

The route followed the Union Pacific Railroad and the usual method of leveling 
was followed, all portions of the lh1e being leveled at least once in each direction. 

On August r, the party proceeded to Pocatello, Idaho, a station on the Oregon 
Short Line Railroad; and on August 3 began leveling northward from that place. This 
region is more favorable for leveling operations than western \Vyoming and the wind 
does not blow so continuously. The track is laid on the ground without ballast, and 
portions of it have been sprinkled with oil. In addition to this the trains were not so 
numerous as on the Union Pacific Railroad. 

In September a change in the method of supporting the level rods was introduced. 
On the previous work the rods were al ways held on '' foot pins'' or '' foot plates'' 
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made stable for the purpose, but in this month the observer satisfied himself that the 
use of the steel rail as the rod support was desirable from the fact that more progress 
could be made and that no loss of accuracy would result from its use. The rods were 
placed on marks made on the rails, and the use of the rails became more and more 
general as the season advanced until a point was reached where the ''foot pins'' were 
''only used in emergencies.'' The observer recom111ends this method in regions ''where 
the rainfall is light and comparatively few trains nm.'' The work was continued to 
Owyhee, Idaho, where the field work closed for the season on October 26 and the party 
was disbanded. 

The usual methods were followed except as noted above, and all portions of the 
line were leveled at least once in each direction. Permanent bench marks were estab
lished at suitable intervals, and numerous temporary bench marks were used as the 
means of comparing the results obtained in the forward and backward lines. 

Velocipede cars were used as the means of transportation throughout the season, 
and the thanks of the Survey are due the Union Pacific and Oregon Short Line Railway 
companies for their COJtrtesy in granting the privilege of using their tracks. 

LEVELING. IDAHO. 

UTAH. 

WYOMING. 

SU:\IMARY OF RJ,SUJ,TS. 

302 kilometers of line completed. 
33 bench marks established. 

R. L. LIBBY. 

On July r the standard levels were being extended eastward from Ogden, Utah, by 
a party under the direction of Aid R. L. Libby, and the work had reached a point in the 
vicinity of the Aspen Tunnel on the Union Pacific Railway. This tunnel is more than 
a mile long and repairs were in progress in the tunnel (with a construction train running 
in and out) making it i111practicable to level through the tunnel, and the line was car
ried over the top of the mountain. Heavy grades on the railroad and strong wind also 
delayed the work and slow progress was made. On July 31 the levels joined the line 
from eastward at a point 2 miles west of Azusa, Wyo. 

The route followed the Union Pacific Railway and the usual method of leveling 
was followed, all portions of the line being leveled at least once in each direction. 

The party then went to Ogden, Utah, and extended the levels northward from that 
place along the Oregon Short Line Railway to Pocatello, Idaho, where the work closed 
September 30 on bench marks established earlier in the season by Aid H. D. King. 

In August the use of steel '' foot pins '' as rod supports was abandoned and the 
rods were held on the rails of the railroad, a mark being made on the rail to indicate 
the exact spot. The observer satisfied himself after several trials '' that the rail returned 
to its former position after a train passed.'' \Vi th this exception the usual method was 
followed and all portions of the line were leveled at least once in each direction. 

Velocipede cars were used as the means of transportation, and the thanks of the 
Survey are due the railway companies, mentioned above, for their courtesy in granting 
the privilege of using their tracks. 
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CHARGE OF SUBOFFICE. 

Trng OBSERVATIONS. 

CAI.IFORNIA. AUG. F. RODGERS. 

The suboffice of the Survey in San Francisco was continued under the charge of 
Assistant Rodgers, who attended to numerous duties, many of them matters of routine, 
as the representative of the Superintendent on the Pacific coast. All matters 
referred to the suboffice were promptly attended to. Various officers were temporarily 
attached to the suboffice during the year, and others were on duty there completing 
the records of the field work done under their direction. Assistant Rodgers had 
general direction of a special sun·ey in San Francisco Bay near California City, made 
by Assistant H. C. Denson at the request of the ='l'avy Department. 

A continuous record of the tides at the Presidio station was obtained, with 
H. S. Ballard as Tide Observer. Mr. Ballard is commended for his faithful attention 
to duty. Mr. James Sullivan, Chief Engineer, is also commended for his useful and 
efficient service while temporarily attached to the suboffice. Robert E. Carson served 
as messenger until January 4, when he became ill. He died on June 26 and was 
succeeded by Henry Bernhardt, who held the position until April 7. Peter A. 
Thomasen and George A. 1vlcEldowney held th.e position at different times during the 
remainder of the year. 

LEVELING. IDAHO. 

OREGOC'f. 

SU)ll\IARY OF R~SULTS. 

199 kilometers of line completed. 
79 bench marks established. 

F. H. SEWALJ •. 

The extension of the standard levels westward from Owyhee, Idaho, was assigned 
to F. H. Sewall, Aid, Coast and Geodetic Survey. He reached ~ampa on May 4, and 
began leveling the next day at Owyhee, Idaho, starting from bench marks established 
at that place during the previous fiscal year. The route followed the Oregon Short 
Line Railroad to Huntington, Oreg., and thence along the line of the Oregon Railroad 
and Navigation Company, and reached the vicinity of Durkee, Oreg., by the end of 
J tme. 

Velocipede cars were used as the means of transportation, and the thanks of the 
Survey are due the corporations mentioned for their courtesy in granting this privilege. 

All portions of the line were le\·eled at least once in each direction and temporary 
bench marks were established at frequent intervals, to afford the means of comparing 
the results obtained by the lines in opposite directions, in addition to the number of 
permanent bench marks stated above. The work was in progress at the close of the 
fiscal year. 

TIDE OBSERVATIONS. W ASHI!"GTO~. 

A self-registering tide gauge was maintained throughout the year at Seattle, Wash. 
W. C. Meyer, Obsen-er. 



DIVIS/01\T OF ALA SJ< A. 

HYDROGRAPIIY. 

ToPoc;RAPHY. 

T!UANG ULATION. 

ALASKA. E. F. DICKINS, Commanding, 
Steamer Gedney. 

,·I 11J.:-11st ,rt to .'ii'jJtn11ber30. 

W. H. STANFORD, Walc!i UjJiccr. 
c. E. l\lORFORD, .-/id. 
G. C. BAr,r,ARD, .rlssistanl S111;i:1·011. 

J. l\I. ::\Irr.r.ER, Aid. 
A. J. STII,ES, Aid. 

St:~l!llAR\" OF RESl'I,TS. 

Hydrography: 
53 square miles area co\·ere<l. 

162 miles lines sounded. 
1 093 soundings made. 

2 ti<le stations established. 
r hydrographic sheet completed. 

Topography: 
24 square 111 ilcs area covered. 
48 miles shore line surveyed. 

r topographic sheet completed. 
Triangulation: 

187 square miles area covered. 
36 stations occupie<l. 
49 geographic positions determined . 

.f1111t' 23 to 30. 

\\'. I-I. STAN"FORD, /Fa!c/1 l?fliccr. 
A. A. I>exxrxl;, ;)fate. 
J. R. Hnu,EY, .;/ssista11t .'>111;i;co11. 
J. \\'. :\1.U"l'JX, Aid. 
LARS JENSON, Pilot. 

The survey of DaYidson Inlet, Alaska, was assigned to Assistant Dickins, command
ing the steamer Gedllf)'. The vessel left San Francisco 011 July 12 and proceeded to 
Seattle, where certain necessary repairs were made to put the ship's boilers in good 
order. 

On Augnst 5 the \'essel sailed for Alaska, with the launch Cosmos in tow. ,·ia 
Victoria and Union Bay, British Columbia, and on the 11th anchored at the north encl 
of Mary Island, Alaska. 

Three of the old triangulation stations were recovered and occupied for the purpose 
of determining the geographic position of the light-house, and a topographic sun·ey of 
the light-house resen·ation was made. 

The yessel then proceeded to Ketchikan for the purpose of locating a reported clanger 
at the south entrance to Tongass )farrows. A rock of small extent, with deep water 

10277-04--7 97 
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all around it, was found, directly in midchannel and a temporary buoy was placed over 
it and the inspector of the light-house district was notified. 

The vessel reached Shakan on Saturday, August 1 s. A general reconnaissance of 
the neighboring waters and shores was made in the Cosmos and signals for the triangu-
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lation were erected. A triangulation party was placed on the Cosmos in charge of Mr. 
Morford, and on August 27 the Gedney sailed for Sitka to bring up Launch No. 1 17. 
This launch was put in order, the necessary supplies were obtained and the vessel, with 
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the lau:nch in tow, arrived at the working ground on the 6th. :Next day a tide gauge 
was established and a reconnaissance was made for a safe anchorage, which was found 
in an arm or bay on the south side of Davidson Inlet just inside the entrance, and this 
body of water was named Port Alice. On the night of the jth it began to blow and by 
morning it was blowing hard and a heavy sea was rolling in, which washed away the 
tide gauge in the forenoon. The ship and launches crossed Iphigenia Bay and found 
a safe ~nd quiet anchorage in Port Alice. On September 1 I another tide gauge was 
established, and on the 24th the topography and hydrography were begun. The 
topographic work was done by Mr. Morford with Mr. Stiles as his aid, and the 
hydrographic work by Mr. Stanford, \Vatch Officer, and Mr. Miller, Aid, with Doctor 
Ballard as recorder, both parties using launches, while the commanding officer extended 
the triangulation up the Inlet, toward the Holbrook Fishery, using the Cosmos. 

There was great difficulty in keeping the signals up, and so field work was closed 
on the 30th of September. The vessel then proceeded to Sitka, via Fort \Vrangell, and 
stored the Cosmos and Launch No. I Ij. ()11 October IO the vessel sailed for Seattle, 
and reached that place on October 23. 

On October 13, while passing the light-house on Five Finger Islands, a signal was 
received desiring to communicate with the ship, and a boat came off containing the first 
officer and five men of the steamer Fara/Ion, with the information that this yessel had 
broken her shaft and lay anchored in an exposed position in Frederick Sound. The 
Gedney proceeded to the locality and towed the Fara/Ion to a safe anchorage off Tonka 
Cannery, in \Vrangell Narrows. 

The GednCJ' left Seattle on October 29 and reached San Francisco on November 4, 
after passing through a southeast storm lasting four days. 

Mr. Dickins states that the officers of the ship all attended to their duties faith
fully and well, and were always ready and willing to perform all duties assigned to them. 
He reports that the pilot, Capt. A. C. Jansen, was an exceptionally good man for the 
place, being well acquainted with all parts of southeast Alaska and taking a great 
interest in the work. Captain Jansen's advice was often of great assistance, and he is 
thoroughly trustworthy an<l reliable. 

\Vork in Davidson Inlet was resumed in June hy Assistant Dickins, commanding 
the steamer GcdneJ'. The vessel sailed from Seattle on June 6 for Alaska, yia Union 
Bay, British Columbia, for coal, and reached Sitka on the 12th. The Cosmos and 
I.,aunch Xo. 1 lj were put in order and the ship reached \Varren Cove on the 23cl, 
and the erection of signals began the same day. A tide gauge was erected and tide 
observations began on the 28th. The triangulation work commenced on the 29th, and 
all the work was in progress at the close of the fiscal year. 

l\lAG:-;ETIC OBSERVATIONS. ALASKA. H. :\!. \V. En:Ho:-ms. 

S. J. BAR:-<ETT, 11!ag11dir Observer. July 8 lo Aug. 30. 

The work at the Magnetic Observatory at Sitka, Alaska, was continued during the 
year under charge of H. M. W. Edmonds, Magnetic Obsen·er. A continuous record 
of the changes in the magnetic elements was obtained by the self-registering magneto-
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graph, and the temperature changes were recorded by the thermograph. Obscr\'ations 
were made at least once e\'ery week to determine the absolute \'alue of the magnetic 
elements and obser\'ations for time were made whenever the weather permitted. The 
maximum and 111i11i11111m tc-mperatnre was recorded daily and other meteorological 
observations were made. A seis1110graph was added to the instrumental outfit 011 
Ko\'emher rq, and it was installed in a small room added to the astronomic observatory 
for that purpose. Observations with this were obtained on sixty-fi\'e days before the 
close of the year. 

l\lr. S. J. Barnett, :;\lagnetic Observer, was assigned to the party for the purpose 
of making obsetTations to determine the magnetic elements at numerous stations in 
the vicinity of Juneau to investigate the marked magnetic disturlxmce in this locality, 
and especially 011 Douglas Island. The instruments were compared at Sitka and then 
observations were made at Juneau and at 4 r stations on Douglas Island, which completed 
the field work. 

BASE .:'vlr~ASURF.:IIE:'\T. 

H YDJ{Q(;RAPHY. 

:\L\GNETrc OnsER v A TIO:"S. 

PHYSICAL HvnROGRAPIIY. 

TOPOGRAPHY. 

1'RIANGl:I.A TION. 

Al,ASKA. 

H. w. RHODES, Assistant. 
:\. I,. GtACO:lll:'\I, TVatd1 Oj/hcr. 
GEo. N. :\lcLorc11r,1:-1, Assista11t .<·>111:r;co11. 
A. R. Ht:NTER, Wrctr/1 l?flio:r. 
H. l\l. HATHAWAY, Deck Officer, First Class. 
D.R. JEWELJ., Aid. 
J. \\'. l\III.llUR::S-, .-lid. 
H. L. BECK, Aid. 
C. C. CRAl·vr, Aid. 
l'. c. \VllITNEV, Aid. 
R. J. CHR1sn1AN, JJrajts111a11. 

SU:llllIARY OF RESUJ,TS. 

Base measurement: 
1 base line measure<l. 

Hydrography: 
10 square miles area covered. 
75 miles lines sounde<l. 

2 058 sournlings rnacle. 
1 tide station established. 
2 current stations occupied. 

J. F. PRATT, Connnanding, 
Steamer Patterson. 

1 hydrographic sheet completed. 
l\Iagnctic observations: 

4 stations occupied. 
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Physical hydrography: 
2 068 miles lines sounded. 

475 deep-sea soundings made. 
3 hydrographic sheets completed. 

Topography: 
3 square miles area covered. 

12 miles shore line surveyed. 
Triangulation: 

95 square miles area covered. 
20 stations occupied. 
46 geographic positions detennined. 

On July r the party on the steamer Patterson, with Assistant Pratt in command, 
was engaged in running a line of deep-sea soundings from Juan de Fuca Strait to 
Alaska to obtain information desired by Gen. A. V•l. Greely, Chief Signal Officer, 
U. S. Army, to be used in laying a cable from Seattle, \Vash., to Alaska, as stated in 
the previous Annual Report. The line of soundings reached Sitka Sound on July 3, 
and was extended to the entrance to Chatham Strait on the 8th. Soundings were 
made in the lower portion of Chatham Strait on the 1 rth, 13th, and 16th, and the 
relative positions of Hazy Islands, off the e1itrance to the strait, were determined by 
sextant angles. The ship then proceeded to Juneau to furnish information to the cable 
ship Burnside, and returned to Sitka on the 2 rst. A reconnaissance was made between 
Cape Bingham and Cape Edgecombe for the purpose of determining the position of 
objects on shore to he used in connection with the deep-sea soundings off this locality. 
On July 27 the line between Sitka Sound and Prince \Villiam Sound was begun and 
continued until August 7, when the work was sw;pended off Cape St. Elias. 

Magnetic observations \Vere made at a station on Yakutat Bay. 
The survey of Controller Bay was begun on August 8 and continued until Sep

tember 19 whenever the weather was favorable and other conditions permitted. The 
triangulation was extended from a line already established in the Copper River Delta to 
the eastward as far as the northeast corner of Kayak Island, and a base line was meas
ured on Octalee Spit. The topographic work consisted of the survey of a portion of 
Kanak Island and a small portion of the shore line at the moqth of Bering River. 
Hydrographic work was done in the lower portion of Octalee Channel. 

On September r9 telegraphic orders were received to close work and proceed to 
Kiska, Alaska, for work in that vicinity. The vessel went to Orea for coal and then 
sailed for Dutch Harbor, and reached that place on tl}e 29th. En route, on the 25th, 
a crack developed in the outer corrugation of the port furnace, which proved to be too 
serious to permit the voyage to Kiska. Eight clays were spent in making temporary 
repairs, and 011 October IO the vessel sailed for Seattle, and reached that place on the 20th. 



+ 

+ 

+ 

+ 
10 0 

'"" F3 F3 
10 0 

APPENDIX NO. 1. DETAILS OF FIELD OPERATION'S. 

135 133 131 

+ + + + 

+ + + 
_iI 

4,,\, ~~ + 
'·1;-_,·1... ~ 

l,,, ~\~~¥ 
~·\,,. + ~ +~ 

'''t' ~; 0~'1 + 
t +o..-v 
'[!\. .e.IVTRANCE 

+ ''"f sk.;,, \ 

I 
+ 

Nautical Milos 

ltO 00 

KilometerB 
F3 F3 E3 E3 E3 S3 Ff3 I 

uo 100 

_+· ± ___ _ ± 
Decp·sen soundings, Alu.sk!l. 

103 

-=-o. 29. 

·~ I 
I 



I-< 

No. 30. £ 
135 

r; 
0 
:i. 
(/) 

>-l 
> z 
tJ 
c 
t'1 

60 I 0 
tJ 
t'1 

"</ I I I 
j 
r; 
CJ) 

c: 
~ 
< 
~ ,., 
~ 

~ 

~ c 
:-0 
.:l 

'8 
-!-

Nnutical Mile" 

0 JO ~0 00 

Kilometers 

r::. ea ea ,_. ea .. 7 ..................... =--=;.o- I I I 1 ·.:c"· / ,t;"'''''~-~: ss· 

Deep-S<:a soundings. Alaska. 



---+-

I 
-1-

--+ 

APPEXDIX XO. 1. Dl~TAILS OF FIELD OI'ERATIOXS. 

-r 

+ 

I 
-1-

+ 

\ 
\ 

i/~O 
i 

-t-

\ 
\ 
\ 
\ 
\ 

+ 

\ 

\ 

\ 

\ 
\ 
I 
I 

\ 
\ 
\ 
\ 
\ \ I 
\I I 

20 

+ + + 

.s 4' 3 2 1 0 ..... ·-~ 

- NOllticnl Milos 
i== ....... -----== ---·· . -· 
513210 

Kilometers 

10 LS 

'11 
\Piruwcle R.oc!.i 

I 
Hy<lrography, topography, nu<\ triangulation, Controller Bny. Alaska. 

105 

No. 31. 

144 00 

2 ' +--9-

JO 

--- ------, 
j f>O' 



ro6 COAST AND GEODETIC SURVEY REPORT, 1904· 

HYDROGRAPHV; 

TOPOGRAPHY. 

ALASKA. 

H. BERNHARDT, Observer. 
T. V. CONNOR, Recorder. 
B. M. MCATEE, Recorder. 

SUl\t:IIARY 01' RESULTS. 

Hyrlrography: 
65 square miles area covered. 

218 miles lines sounded. 
5 362 soundings macle. 

6 current stations occupied. 
2 hy'arographic sheets completed. 

Topography: 
154 square miles area covered. 

20 miles general coast line sun·eyed. 
1 topographic sheet completed. 

H. P. RITTER. 

On July 1 the survey of Prince William Sound, Alaska, was in progress under the 
direction of Assistant Ritter. A brief statement in regard to the work, :tvfay 18 to June 
30, appears in the previous Annual Report, but the following general statement refers to 
the work of the whole season, May 18 to September 30, while summary of results 
applies only to the work between July 1 and September 30. 

The hydrographic work extends along the eastern side of Prince \Villiam Sound 
from the southern end of Bligh Island, across the entrance to Fidalgo Arm, and thence 
to Knowles Head. The soundings extend offshore to deep water, 200 fathoms or 
more. The area sounded includes the waterway between the mainland in the vicinity 
of Knowles Head and Goose Island and that portion of Fidalgo Arm extending from 
the entrance inland as far as Fish Bay. The soundings also covered the minor bays in 
this region known as Fish, Landlocked, and Bowie bays, and Snug Corner Cove. Tide 
observations were made in Snug Corner Cove. They began on June 1 and were con
tinued until September 19. From June 1 to July 14 they were made continuously, day 
and night, and coesisted of hourly readings, with readings every ten minutes from 
thirty to sixty minutes before and after each high and low water. After July 14 the 
readings were made only during the day. Whenever the steamer Taku was at Orea for 
coal or stores, simultaneous readings were made on the staff at that place and at Snug 
Corner CO\·e. Current observations w~re made at a number of stations during the 
season in the vicinity of Knowles Head and Goose Island, and at the entrance to 
Fidalgo Arm. 

The topographic work augmented the work of previous seasons by extending it 
some distance inland. The c~untry thus mapped embraces the northern shore of Valdez 
Ann from Point Frcmantle to the vicinity of Saw Mill Bay; Bligh Island; the area 
between Tatilack Narrows and Celena Bay; the vicinity of Copper Mountain; vicinity 
of Knowles Head; and both sides of Fidalgo Arm from the entrance back to Fish Bay. 
In addition to this the shore line on both sides of Fida Igo Arm and in the adjacent bays, 
from the entrance to Fish Bay, was surveyed. 

The small steamer Ta!m and a launch were used by the party during the season 
and the party li\'ecl in camp on shore. The work for the season closed on September 
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20, when the party proceeded to Orea and stored the outfit for the winter. The party 
sailed for Seattle on October r and arri\'ed on October 15. 

ivir. Ritter reports the courtesy and assistance extended to the party during the 
season by ::\'.Ir. \Valter Storey, superintendent of the Alaska Packers Association, and 
by Mr. \V. H. P. Brownell, superintendent of the Pacific Packing and ::\'aYigation 
Company's cannery. He also states that much of the success of the season's work was 
due to the proficiency and cheerful cooperation of '.\Iessrs. Henry Bernhardt, J. R. 
\Vestdahl, Thomas V. Connor, and B. }\1. McAtee. 



OUTLYING TERRITORY. 

ASTRONOMIC OnsERVATIOxs. 

R\SE MEASlJRE:llEN1'. 

l\IAGNETIC OBSERVA'l'IONS. 

TIDE OBSERVATIONS. 

TRIANGULATION. 

HAWAII. 

SU:\IMARY OF RESUI,TS. 

Astronomic obscrYat1011s: 
1 azimuth detenniuecl. 

Base measurement: 
1 base line measured. 

i\Iagnetic ohscn·ations: 
4 stations occupied. 

'rriang-ulations: 
73 square miles area co\·crccl. 
13 stations occupied. 
I 3 g-cographic positions determinccl. 

\V. D. ALEXANDER. 

The trigonometrical connection of the island of Niihau with Kauai, Hawaii, was 
assigned to Assistant Alexander. He made preparations for the work and reached 
Kauai on December 4. Mr. S. :\1. Kerns of the Sur\'eyor's office was detailed by his 
chief, ::\fr. 'J..l. ll. \Vall, to assist in the work, and he went at once to Niihau where he 
measured a base line and occupied se\'en triangulation stations which he established on the 
island. He also observed the magnetic declination at Nonopapa and at Kii. On Kauai 
the distance from Pun Lani to Pnu o Papai, previously determined was' used as a base 
from which to extend the triangulation necessary to furnish the positions needed in the 
connection. Dr. A. C. Alexander assisted in this work and occupied the two stations 
Pun ka Pele and Puu Opae. 

An azimuth was obser\'ecl on Kauai. 
Acknowledgement is made to Mr. B. D. Baldwin, manager of the Makaweli 

plantation, to Mr. A. F. Knudson, of Kehaha, and to Mr. Aubrey Robinson, one of 
the proprietors of Niihau, who extended hospitality and courtesies to members of the 
party. 

Magnetic observations were made at Honolulu and at \Vaimea. 
The work was completed and the party returned to Honolulu on December 23. 
The observation of the tides by means of a self-registering gauge was continued 

during the year at Honolulu. 
109 
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MAGNETIC 0BSER\.ATIOXS. HAWAII. S. A. DEE!,. 

The work at the Honolulu Magnetic Observatory in Hawaii was done by Magnetic 
Observer Deel, under the direction of Assistant Fremont Morse, J nly 1 to October 31, 
and on Ko\·ember 1 the charge of this work was transferred to 1\fr. Deel. A practicaJly 
continuous record of the relative changes in the magnetic elements was obtained on the 
self-registering magnetograph throughout the year. The absolute values of these 
elements were determined once a week. Observations to determine time were made 
three times in each month. 

A new recording apparatus was installed on January 5 and the work of testing it 
began immediately, and was in progress on June 30. 

The seismograph was kept in operation during the year except for eight days 
(April 16 to 22) when no suitable photographic paper was available. Meteorological 
observations were made throughout the year. A small building was erected to be used 
for office work and quarters. 

HYDROGRAPHY. HAWAII. H. D. KIXG. 

MAGNE'rIC OBSERVATIONS. 

TOPOGRAPHY. 

The survey of Hanapepe Bay, Kauai, Hawaii, was assigned to Aid H. D. King. 
He reached Honolulu on February 8, and after making the necessary preparations to 
begin the work, proceeded to Eleele on the r 2th. A tide gauge was established and 
some of the o.Jd triangulation stations were reco\·ered. The lines between these were 
used as bases to determine the additional hydrographic signals needed. The topography 
was limited to the delineation of the shore line. The hydrographic work was done 
from a boat not suited to the work and with a native crew who understood ,·ery little 
English, as the only means available. The weather was yery unfa\·orable and the per
son engaged as recorder proved to he incompetent. In spite of these conditions the 
work was continued until :'!larch 9, and on the r 1th the party returned to Honolulu. 
The continued rough weather made it advisable to close operations as soon as the abso
lutely essential work was completed. 

Magnetic obsen-ations to determine the declination were made at two stations, and 
the correction for the compass declinomder used was determined at the Honolulu Mag
netic Observatory. 

J. \V. Milburn, Aid, assisted in the work enumerated above. 
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As'!'RONO;\IIC Ons1mv ATIONS. PACIFIC ISLANDS. EDWIN S111ITH. 

FREMONT MORSE. 

On July 1 the work of extending the longitude connection across the Pacific Ocean 
was in progress, with Assistants Smith and Morse in charge of cooperating parties. 
On that date Mr. Smith sailed from Honolulu for Guam, while Mr. :Morse remained at 
Honolulu for the purpose of determining the difference of longitude between these two 
stations by joining the cable temporarily at Midway Island. 

Mr. Smith reached Guam on July I 4, and in the afternoon of the same day went 
ashore at Soumaye, where the cable had landed, and through the courtesy of Mr. 
Daniel Coath, the superintendent of the Guam cable station, was enabled to bring his 
outfit ashore the next day and establish himself near the proposed longitude station. 
Mr. Coath was instructed by Mr. George G. \Vard, vice-president and general manager 
of the Commercial Pacific Cable Company, to facilitate the work of the longitude party 
in every way in his power, and the assistance rendered by him was most important and 
necessary to the success of the work. 

Mr. Smith called on the governor of Guam, and he also courteously offered to do 
everything in his power to facilitate the work. 

The work was greatly delayed by rainy weather, but everything was in readiness 
on the 27th, and on that date the cables were joined at Midway Island and signals were 
exchanged with Honolulu, but they were not suitable for use in the longitude work, 
and the attempt to eliminate Midway as a longitude station was abandoned. Mr. Morse 
then proceeded to Manila, and reached there on August 31. The officers of the cable 
company at Manila did everything in their power to expedite the work of preparation, 
·and Maj. \V. A. Glassford, Signal Corps, U. S. Army, had the observatory and cable 
office connected by telegraph and telephone wires. The thanks of the Survey are due 
these gentlemen for their courtesy and kindness, and especially to Major Glassford for 
the promptness and energy displayed in erecting the wires mentioned above. 

Observations were made and signals exchanged between Manila and Guam on 
September 8, 12, 14, 15, and I6, thus completing the work at Manila. 

Transportation .from Guam to Manila was easily obtained, but there was no regular 
communication in the opposite direction, and consequently the plan of having the 
observers exchange stations was abandoned and Mr. Morse sailed from Manila on 
September 19 for Honolulu, via Hongkong, en route to Midway. He reached 
Honolulu on October 15, and was fortunate in securing his passage to Midway on the 
U. S. S . .Iroquois, which sailed from Honolulu on October 29 and reached there on 
November 3. There are no facilities or supplies at Midway except those of the cable 
company, and everything needed for an indefinite stay there was procured in Hono
lulu and carried on the Iroquois. Everything was ready for observations on the 13th, 
but clouds prevented work until the r6th, when the observations began and were 
continued on all available nights until December 5, when _the ten nights' work desired 
was completed. 

While at Gaum Mr. Smith made magnetic observations at five stations, viz, Agana, 
Dano Island, Merizo, Soumaye, and Umata. Mr. Smith sailed from Guam for Manila 
on January 10, en route to Honolulu. He re~ched Cavite about 5 p. 111. on January 
15, and fortunately found the Pathfinder anchored near by. A steamer was due to sail 
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the next morning for Hongkong, and Assistant Gilbert, commanding the Patlijindcr, 
made it possible for Mr. Smith to take this steamer by transporting him and th<.:. outfit 
to Manila the next morning, thus enabling him to make close connection with the 
steamer for Honolulu. These details are stated to show the difficulties in the way of 
prompt transportation in this region, which greatly delayed the work. 

Mr. Smith reached Honolulu on February 8 and promptly prepared for work; but 
bad weather interfered and no observations were made until February 22, and the 
necessary work was not completed until March 24, as Honolulu proved to be an excep
tionally unfavorable place for astronomic observations. On the date mentioned, March 
24, 1904, the determination of the difference of longitude between San Francisco and 
Manila, begun during the previous fiscal year, was completed, except for the detenni
nation of the personal equation of the observers, and the observers deserve credit for 
the manner in which the numerous difficulties and obstacles encountered were overcome. 
Mr. Morse returned to Honolulu on the U.S. S. Iroquo£s on April 16, but transportation 
to San Francisco could not be obtained until April 26. An effort was made to obserye 
for personal equation of the observers, but bad weather prevented work except on two 
nights, and the results were unsatisfactory. 

Messrs. Smith and Morse reached San Francisco on May 2, and the observations 
for personal equation were completed on May 9, and the field work closed on that date. 

In closing his report, Mr. Smith expresses the highest appreciation of the attention 
and kindness shown the observers by the officers of the cable stations, and of the generous 
cooperation of Mr. George G. Ward, vice-president and general manager of the Com
mercial Pacific Cable Company. Without this aid the work would have been extremely 
difficult if not impracticable. 

C0Mnrn1m OPERA TIO NS. PHILIPPINE ISLANDS. G. R. PuTNA11r. 
J. E. McGRATH. 

The important work of surveying the coast of the Philippine Islands was continued 
under the direction of Assistants Putnam and McGrath, July 1 to April 30 and May 1 

to June 30, respectively, who represented the Superintendent in all matters requiring 
immediate decision. 

In performing this duty they adopted plans for field operations, issued instructions 
for field work, compiled all data secured, and prepared and published charts of the 
waters surveyed. Notices to Mariners and Sailing Directions were prepared and pub
lished. 1'hey were aided in this work by such advice and instructions issued from 
\Vashington as became necessary. 

The work continued under the plan of cooperation between the Philippine Com
mission and the Coast and Geodetic Survey adopted in 1901 and stated in the Annual 
Report for 1 902. 

The field parties were at work in various localities, as shown in the following 
statement and in the following abstracts from the reports of the chiefs of the parties. 
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FIELD WORK. 

Nortlz coast ef Luzon.-The triangulation and topography was extended from 
Bontolan Point to Bolinao, where the field work was suspended at the beginning of the 
rainy season. This survey shows the actual shore line and correct representation of· all 
towns, roads, natural features, and prominent landmarks. The triangulation stations 
on which it is based have been carefully marked and will supply bases for extensions of 
future caclastral surveys and for studies for works of public improvement. 

Point Dile to Culili Point.-A hydrographic survey was made of this section of the 
coast of Luzon, including surveys of Port Currimao and Salomague Harbor. 

,1fani!a Ba;'.-An inshore hydrographic survey was made of the waters of :Manila 
Bay from Malate to a point 4 miles SW. of Sangley Point, including a large scale 
survey of Bacoor find Canacao Bays; the topography was completed from Cavite to a 
point on outside coast clue we-;t of Cavite Viejo; a topographic su·rvey was made of the 
coast line around Malabon; and an examination was made for a shoal off the east encl 
of Caballo Island, marked doubtful on recent charts, but no such danger was found in 
the position hitherto given. 

Danao River and approaclzcs.-The lower part of this river, to the highest point 
serviceable for navigation, and the coast line around to Escalante, was surveyed. This 
embraces the only protected harbor on the north coast of A'cgros. 

North coast ef Pana)'.-A complete survey (triangulation, topography, and hydrog
raphy) was made of this coast from Capiz to Fort Batan with the exception of 
topography and hydrography of Sapian Bay, the change of monsoon pre\·enting the 
completion of Sapian Bay. 

LagonOJ' Gu((.-A complete survey was made of Lagonoy Gulf and 'fobaco Bay, 
embracing the triangulation, topography, and hydrography. This includes south coast 
of Catai1duanes Island from Point Nagumbuaya to Sialot;. Luzon from Point Bungus to 
Bagacay, and from northwest point of San Miguel Island to northeast end of Ba tan 
Island. The shape of the coast line of Catanduanes Island was materially changed by 
this survey, but the most important result was the proof of the freedom of the waters 
of the gulf from large areas of shoals hitherto shown on the charts. 

Jloilo Strait and approaclzes were surveyed on a large scale. The triangulation 
was extended from a line joining Dumangas Point, Panay, with the northeast point of 
Guimaras Island, to a line joining Point Dolores, Guimaras Island with Talisaya Point, 
Pana)'· The topography was extended from Dumangas Point, Panay, to Tigbauan and 
from northeast point of Guimaras Island to Point Dolores on west coast of Guimaras 
Island. A detailed survey was made of Iloilo River. The hydrography extended from 
a section 8 miles east of Siete Pecados Light, including the Iguana Bank, to a junction 
with the work of the Navy in Iloilo Harbor, the navy work being supplemented hy the 
survey of a section extending from Lusaran Light-House northward, which includes 
Ports Santa Ana and Igan. This survey removes the doubt felt as to the practicability 
of the use of the eastern approach to Iloilo by large vessels, and shows that a good safe 
passage for vessels drawing 30 feet exists. 

Guimaras Strait. -The survey of this strait was begun on January ro, and con
tinued until March 27, when the steamer had to return to :Manila for docking and 
repairs. The triangulation was extended from center of the strait to its southern end; 
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the topography was embraced within the same limits and the hydrography co\'ers almost 
ai1 equal area. In the course of the work Rosario Rock was found to he three-fourths 
mile northwest of the position shown 011 the charts, and a very much more danger
ous condition was found to exist on Pandan Shoal. The snrvey also shows considerable 
changes in the appearance of the coast line and in the area covered. 

Gcograp!iic j>ositious. -The latitudes and longitudes of Cu yo ( 011 Cu yo Island) and 
San Jose de Buena\'ista, Panay, were determined during the year, thus completing the list 
of desirable points for which necessary telegraph connection could be secured at the 
time. 

11-fagnclic obscrvations.-To secure information necessary for charts, magnetic 
obser\'ations have been made at eight stations. Meridian lines have been laid out at 
the astronomic stations, and azimuth determinations in connection with all the triangu
lation work, to enable surveyors with ordinary instruments to readily lay off true 
meridians from any two intervisible triangulation stations. 

Tide obscr<:atious were made at ten stations. Nine of these were in connection with 
the various hydrographic operations. At :Manila the tide record is a continuous one for 
the year; at Iloilo a similar record was obtained for ten months. These supply valuable 
data for the predictions in the annual tide tables published by the survey for the Phil-

. ippine Islands. 
Pcrsonnd.-The field work has been executed by the following chiefs of parties: J. J. 

Gilbert, Assistant CJ uly 1 to January 3 r), and Fenlin:rnd \V estdahl, Assistant (February 
r to June 30). general sttr\·cy work with steamer Patlijiudcr; John E. McGrath, Assist
ant, astronomic determinations; \ \7. B. Fairfield, Assistant, astronomic, magnetic 
obsen·ations, topography, and triangulation work; \Villiam Bowie, Assistant, general 
sun-ey work; H. F. Flynn, Assistant CJ uly r to December 3 r), astronomic determina
tions, magnetic observation.s, triangulation, and topography; H .. B. Derickson, Assist
ant, general survey work with steamer Rcsearr/1; John Bach, Obsen·er, triangulation 
and topography. 

Steamers. --The Coast am! Geodetic SmTey steamer Patlijiuder was employed in 
surn:ys in the archipelago previous to May 27, when it was found necessary to send her 
to Hongkong for repairs. 

The steamer Rl'st:ard1 was acti\·ely employed throughout the year, with the excep
tion of the period between :\larch 27 and Jnne 10. During this time she returned to 
l\Ianila for repairs, and then went back to her working ground. 

Fi,·e clifTerent shiplrnikling concerns submitted tenders for the construction of the 
new steamer which was provided for by the Commission, ancl the terms of the Hongkong 
and \\'hampoa Dock Company proving to be the best, a contract ,\·as made with them 
011 January 27, which was approved by the civil go\·ernor. On Febrnary 3 I\Ir. Charles 
C. Yates, Assistant, proceeded to Hongkong to act as the inspecting officer of construc
tion and the progress 011 the vessel was very satisfactory; two-fifths of the contract price 
has already been earned. The steamer is framed, engine, bed plates, and cylinders are 
cast, crank and propeller shaft forged, small boats framed, and ship's fittings are well 
under way. According to the terms of the contract the steamer should be ready for her 
trial trip ou October 15, 1904. 
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OFFICE WORK. 

The scheme of organization of the Manila suboffice continues the same as hereto
fore reported, and its detailed operations are as follows: In November extensive changes 
were made in the quarters in the Intendencia Building, enlarging greatly the space 
assigned to the computing and drawing sections, improving the light and air conditions 

·and placing an admirably situated chamber at the disposal of the office as a store room 
for instruments and general property of the Survey. 

Computing.-The Computing Division conti1iued in charge of Mr. E. R. Frisby, 
who was regularly assisted by Mr. F. F. Pangan, Junior Computer, and l\Ir. Ignacio 
Cruz, Junior Clerk. Messrs. McGrath, Ferguson, Fairfield, Flynn, Assistants, Coast 
and Geodetic Survey, Mr. Staples, Aid, Coast and Geodetic Survey, and Mr. Bach, 
Observer, were employed in the division at different times on computations necessary 

·for the completion of the field work executed by them and while awaiting orders for 
the field. 

The following is a statement of the work executed in this division during the time 
covered by this report: 

TRIANGULATION. 

Office reduction of angles and computation of triangle sides, geographic positions, base measurc-
menl~, computation of heights and incidental azimuth and time detenninations. 

Vigan to Aparri N: and \V. coast of Luzo1t. 
Capiz to Batan N. coast of .I'a11ay. 
Iloilo Strait and approaches Point Dumangas to Tali~aya Point. 
Danao River N. coast of Ncgros. 
Puerto Galera llfi11doro. 
Mangarin Bay and Ilin Strait llfi11doro. 

Correcting computed triangulation to accord with new data: 
San Fernando to Bolinao \V. coast of Luzon. 
San Fernando Harbor \V. coast of Luzon. 
Santo Tomas Harbor 
Bolinao Harbor 
Sual Harbor 

W. coast of Luzon. 
W. coast of Luzon. 
Vv. coast of Luzon. 

ASTRONOMIC COMPUTATIONS. 

Differences of longitude: 
Cuyo, Cuyo, and Iloilo, .I'anay. 
San Jose de Buenavista and Iloilo, .I'anay. 
Onnoc, Leytc, and Surigao, Jl.finda11ao. 
Calapan, llfindorc, and Romblon, Romblon. 
Batangas, Luzon, and Romblon, Romblon. 
Masbate, Masbatc, and Romblon, Romblon. 
Boac, Marinduque, and Romblon, Romblo11. 

Abstracts of I7 volumes containing observations to determine differences of telegraphic longitude 
were prepared and the adjustment of the longitude net in the Archipelago was made. 

Tl\RRESTRIAI, MAGNETIS:O.I. 

Observations for magnetic declination, dip, and horizontal intensity at: 
Batangas Boac 
Calapan Catbalogan 
Iligan Legaspi 
Surigao San Jose de Buenavista 

Magnetic declination were computed at r8 other stations. 

Calbayoc 
Cu yo 
Romblon 
Valle Hormosa 
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H\"DROGRAPH\". 

Tabulations of hourly tide readings were made from records with self-registering gauges at the 
following stations for the periods stated: 

Manila, Io months. 
Iloilo, 9 months. 
Capiz, 2 months. 
Inampulugan Island, 2 months: 
Puerto Galera, 2 months. 
Mangarin Bay, 2 months. 
Port Sual, 8 months. 

The regular list for issue of the Notices to Mariners now calls for 734 copies'of 
each edition, and 11 numbers were published in the period covered by this report. 

Drawing.-The chief duties of the Drawing Division are: the inking of topo
graphic sheets and the plotting, inking, and verification of such hydrographic sheets 
as can not be completed in the field; the preparation of projections for field parties; and 
the preparation of finished drawings for chart publications. At the date of the last 
report the force of draftsmen comprised Messrs. P. B. Castles and J. P. Keleher in 
charge of th.e subdivisions of the division, and IO native draftsmen. In January the 
force of native draftsmen was increased to 15, and on the departure of Mr. Castles the 
entire charge of the division devolved upon Mr. Keleher, who is still in charge, 

Reduction of tide staff readings and comparisons with a principal station were 
made for Siete Pecados, Santa Ana, Batan, Dagupan, and Bvlinao. 

Reductions of soundings were made as follows: 

Lingayen Gulf 
11oi1ci 
Guimaras Strait 
Capiz and Batan 
Puerto Galera 
Mangarin Bay 
Danao River 

llfISCELLA N EOUS. 

Volumes. 

24 
18 
8 

7 
7 
7 
5 

Duplicates were prepared and verified of all records not completed in field and of 
all computations and abstracts of results prepared or received in the suboffice. Infor
mation in the shape of descriptions of stations, instrumental constants, and triangula
tion sketches was supplied to field parties and in reply to requests from various sources. 

·The local values for magnetic declination and standard geographic data were prepared 
for charts in process of construction. 

Sailing Diredions.-In th!'! nautical information section, Mr. J. C. Dow, Nautical 
Expert, in charge, continued the preparation of the "Notices to Mariners,,. wherein 
the earliest information of all changes of which reliable information can be secured and 
which are of importance to mariners is communicated to the public. In addition to this 
work Section II, Philippine Island Sailing Directions, southwe8t and south coast of 
Luzon from Manila to San Bernardino Strait, was revised and published; Section III, 
Sailing Directions for the coasts of Panay, Negros, Cebu, and adjacent islands, and Sec
tion IV, Sailing Directions for the coasts of Samar and LeJ1le and the east coast of 
Luzon were revised, rewritten to a large extent, and sent to the printer. The prepa-
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ration of the Sailing Directions necessitated trips of inspection to the sections noted and 
actual verification (where no recent surveys have been made) of all new material that 
had been collected. The nautical information section in Manila offers all the coopera
tion within its power to the maritime interests and every possible assistance that lies 
v..ithin the capacity of a hydrographic office is always at the service of shipping interests. 
The demand for the Sailing Directions is evidence of the importance of the work. 

The work of verifying every step in the production of the charts which insured 
the independent checking of e\'ery sounding, position and feature which they contain 
was clone by the Chief of the Bureau, the Chie( Draftsman, :t\-Ir. Charles C. Yates, 
Assistant, July r r to December 31, and l\fr. \Villiam Bowie, Assistant, April 23 to 
June JO. 

The work of the native draftsmen is surprisingly excellent and their services are 
worthy of great praise, but as only two of them ever had experience in the class of 
work on which they are now engaged, scarcely anything can be left to their initiative 
and the work of supervision has to be incessant and untiring. 

Statement ef work executed between July I, J 903, and June 30, 1901. 

Topographic sliccts inkt•d. 

No. Title. Seal<:. 

. .. ····-·-· ··----1------

P_lane table locati?n of, hydrographic signals, I,inga);en Gulf ......... ·1I 
2 I :--;orthwar<l from San l ernanclo ..................................... . 

Darigayos and vicinity. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . 

1-6u ()()() 
1-20 000 
1-20 oou 3 

4 
5 
6 
7 
8 
9 

Io 

II 
12 

13 
14 
15 
16 i 
Ii 
18 
19 
20 
21 
22 

23 
24 

29 
30 
31 
32 
33 
34 
35 

Candon ancl vicinity ............................................... . 
Santa Cruz to Hangar ............. - · · . · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·I 
Solvec Point to Santiago ........................................... . 
Point Dile to Solvec . . . . . . . . . . . . . .................................. . 
I~ap~g Bay to l'oint Solot ........................................... I 
Curnmao ......................................................... . 
Lapog........ . ....................................... . 
J';tStH!llin . . . . . . . . . . ................. , .. , ........... , ......... . 
l>ir . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Cape. Bojea<lor... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Bangui to Puac Point . . . . . . . . . . . . . . . . . . . .................. . 
l'uac l'oint to :\lasisi. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........... . 
::\lasisi to Abu lug River .................... . 
Ahulug River to Aparri ........................................... . 
Danao River (upper section) ........................................ , 
Danao R i \'er (lower section ) . . . . . . . . . . . . . . . . . ................... . 
I>anao River-entrance to Escalante ................................. ' 
Capiz am! Approaches ......................................... . 
Ba tan and Approaches .............................................. i 
Agoclaya Point to Alegria Point .................................... i 
Guimaras Strait, I nampulugan Island ................................ j 
Iloilo Strait ( miclclle portion). . . . . . . . . . . . . . . . . . . . . . . . . . .......... . 
Oton am! westwarcl ................................................ . 
Iloilo .............................................................. . 
Iloilo Strait ( ~almrul Islancl to I,usaran I,ight-house) ................ . 
Iloilo Strait, :\Iolo ancl vicinity ..................................... . 
Northwest coast of Guimaras ( Bonclulan Point to Nahum! Islancl) .... . 
Iloilo Rh·er ....................................................... . 
Eastern entrance Iloilo Strait ...................................... . 
:;-;'avon River to Point Caiman ....................................... ; 
Port Calera ancl Varaclcro Bay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... : 
Dagupan, I,ingayen Gulf ....................... · ..................... ' 

I-20 OUO i 
1-20 (X)() 

1-20 uoo 
l-2o O(X> 

1-20 000 

1-5 000 
1-20 CXlO 

1-20 oou 
r-5 oco 

I-20 000 
I-20 <JOO 

l-20 lXX> 

1-20 000 

1-20 ouo 
1-5 lXXJ 
1-5 000 

I-IO <X)(> 

1-20 uoo 
1-20 <X>O 

l-20 (X)O 

I·-20 O<>O 

r-ru coo 
I-Ju 000 

I-Jo lXXl 

I-Io ouu 

!-Io 000 
1-20 000 

1-2 5cx> 
1-20 000 

1-20 lXXJ 

1-IU 000 

I-Ill CXXJ 



No. 

I 

2 

3 
4 
5 
6 
7 
8 
9 

I'.> 
II 
12 

13 
14 
I5 
I6 
17 
18 
19 
20 

2I 
22 

23 
24 
2s 
26 
27 
28 

29 
30 
31 
32 
33 
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1-lydro,i;rap!iic slll'ds. 

Title. 

Bolinao to San Fernando ............ . 
Point Verde to Panaealan Island 
Northwest of Bolinao ................ . 
Dagupan River and entrance ......... . 
Northwest part of Lingayen Gulf. .... . 
San Isidro to Point V crde ............ . 
General sheet, Lingayen Gulf ....... . 
Mangarin Bay ................ · ........ : 
Ma11i,{arin Bay ........................ ! 
Port Ga !era ......................... . 
Varaclero Bay ....................... . 
Danao River (entrance and lower part 

of river). 
Danao River ( uper part) ............. . 
Danao River to Escalante ............ . 
West part of Sorsogon Bay.. . ...... . 
San Pedro Bay ....................... : 
South coast of 5)a111ar .... ............. : 
Southwest coast of Lcyte . ............. : 
Calauga Bay ......................... ' 
Lagauoy Gulf (south shore of Catan-

duanes Islaud ). 
Lagonoy (~ulf, inshore .............. . 
Lagonoy Gulf, general hydrography .. . 
Tabaco Bay and eastward ............. . 
Iloilo Harbor ............ · · · · · · ..... ·I 
Eastern entrance Iloilo Strait ......... · 
Iloilo River. . ...................... . 
Iloilo Strait ......................... . 
\Vest coa~t of Guimarus Island, be-

tween );almrul Island and Lusaran 
Light-House. 

Capiz ancl westward ................. . 
Batan and approaches ............... . 
South west coast of J.cy/c ............. . 
Sau Pedro Bay ................. . 
Dagupan (Lingaycn Gulf) .. 

Sen le. 

I-60 ooo plotted, inked, verified. 
1-I5 ooo plotted, inked, verified. 
1-15 ooo plotted, inkecl, verified. 
I-IO ooo plotted, inked, verified. 
I-15 ooo plotted, inked, verified. 
1-10 ooo plotted, inked, verified. 
1-6o ooo plotted, inked, verified. 
1-20 ooo plottecl, inked, \·erified. 
I-JO ooo plotted, inked, verified. 
1-5 ooo plotted, inked, verified. 
1-S ooo plotted, inked, verified. 
1-5 ooo, plottecl, inked, verified. 

I-S ooo, plotted, inked, verified. 
1-10 ooo, plottecl, inked, verified. 
1-20 ooo, plottec\, inked, verified. 
1-40 ooo, plotted, inked, verified. 
1-40 ooo, plottecl, inked, verified. 
1-40 ooo, vcrifiecl. 
1-20 ooo, verified. 
1-40 ooo, verifiecl. 

1-40 ooo, plotted, inked, verified. 
1-8o ooo, verifiecl. 
1-40 ooo, \"erified. 
1-IO ooo, plotted, inke1l. 

------1 
I 

.. 

I-15 ooo, plottccl, inkecl (half completed). 
1-25 ooo, plotted, inked. 
1-10 (XXi, plotkd, inked. 
I-IO ooo, plottecl, inked. 

1-15 ooo, plotted, inkecl (half completecl). 
I-15 ooo, plotted, inked (half completed). 
1 -40 0<xi, veri fi C< l. 
I-40 ooo, verifiecl. 
1-10 ooo, plotlccl, inked, verifiecl. 

" __ I·------·· 

No. 

4715 

4718 

47I9 

422I 
4426 

4262 
4264 
4344 
445I 
4450 

Cliarts ro111pll'!t'd. 

Title. i ----------I 
Southeastern part of 1-11=011 . ...••...... · 

Pa11ay, ,\'i:i;ros, am! Cebu .... ........ . 

l.c_J'll' and Surigao Strait ............. . 

~Jliay Gulf ancl part of Lagonoy Gulf .. t 
Southwest coast of Lcy/c . ............. : 
Plan of ::Vlaasin ....................... i 
Cagayan River ....................... : 
Salomague ......................... . 
Port Galcra and Varaclero Bay ........ . 
Approaches to Catbalogan ........ . 
San Juanico Strait and Tacloban Har-

bor. 
'faclohan Harbor .................... . 
Port San Vicente .................... . 

Senk. 

I-4<X.l ooo, sent to \Vashington for publica
tion. 

1-400 ooo, sent to \Vashington for publica
tion. 

I-4ou ouo, sent to \Vashinj..,>"ton for publica-
tion. 

1-1<xi ooo, chart printecl. 
1-I<X.J ooo, chart printed. 
1-10 ooo, chart printecl. 
1-80 ooo, chart printed. 
1-20 ooo, chart printed. 
I-JO <XX>, chart printed. 
1-so ooo, chart printed. 
1-50 ocX.J, chart printed. 

1-20 ooo, chart printed. 
I-20 O<X>, chart printed. 
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Clzarts completed-Continued. 

1-~o·_I __________ .;;1_1e~~~~--= ==-r .. -------~=---sca1c. __ _ 
I p p. . I I . 1 4343 . uerto rmcesa ..................... " 1-40 ooo, c iart prmter . 

and Sorsogon Ba;•. tion. 
4219 j Passages between Lttwn and J1fasbate 

1

. 1-100 ooo, sent to \Vashington for publica-

4321 Southern part of !lfwdoro and Semerara 1-1 oo ooo, sent to \Vashington for publica-
Islands, plan of Mangarin Bay. : tion. 

4613 Iligan Bay ........................... , 1-40 ooo, sent to \Vashington for publica-
tion. 

Plans: 
:V!is~mis · · · · · · · · · · · · · · · · · · · · · · · · ·1} 1-100 ooo, sent to \\'ashington for publica-
Jmnnez ......... · .. · · ·. · · · · · · · · · tion. 
Inamucan ....................... . 

4241 · Sual Harbor . . . . . . . . . . . . . . . . . . . . . . . . . 1-15 ooo, sent to \Vashington for publica

4455 
4454 
4452 

Anchorages on south coast of Jlfi11da11ao. 
Harbors ·of Marinduque and Tablas 

Islands. 
Harbors on coa<;t of JJ!asbate ......... . 
Harbors on Burias and Ticao Islands .. . 
Danao River and approaches ......... . 

tion. 
Sent to \\'ashin1,.Tto11 for publication. 
Sent to \\'ashington for publication. 

Sent to Wa~hington for publication. 
Sent to \Vashington for publication. 
1-10 ooo, sent to Washington for publica

tion. 

Miscellaneous wor/..·. 

Nine topographic sheets showing surveys from Vigan to Claveria were traced for 
the provincial government of Ilocos Norte.· 

One draftsman was employed for two weeks in the determination of the areas of 
the friars' land (under the bureau of engineering). 

A number of projections were prepared for field parties and some tracings were 
made for the army, constabulary, and treasury. The time of one draftsman was 
exclusively required to color lights, buoys, and beacons, and correct the published 
charts to date of issue. 

MISCELLA:-;Eous DIVISION. 

Mr. W. H. MacDonald, Chief Clerk. This division attended to the correspondence 
of the office, kept the files, copied all accounts, reports, and descriptive sheets, made a 
record of all party and office expenses, checked the inventories, and supervised all 
repairs, and had the care of all government property. Mr. MacDonald also had charge 
of the distribution of the published charts and the accounts with chart agents and 
attended to the distribution of all publications. 

The number of charts distributed for official use or disposed of by sale in the 
islands from July 1 to June 30 was ....................................... 4 251 

Number of charts received from the Coa~t and Geodetic Survey Office in 
Washington from July 1, 1903, to June 30, 1904 ............................ 4 125 

The number of charts printed in Manila, July 11 1903, to June 30, 1904 wa~ .... 3 366 

Between July 1 r and February 2, in addition to his duties in connection with chart 
verification, Mr. Charles C. Vates, Assistant, was engaged in the preparation of pre
liminary plans and specifications for the construction of a launch and the steamer which 
is now being built at Hongkong, China. 
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The Sun·ey is indebted for many favors to the bureaus and offices of the general 
and insular governments, and particular acknowledgment is made of valuable informa
tion and material help received from the bureaus of coast guard, transportation, and 
engineering, from the chief quartermaster, the chief engineer officer, and the chief signal 
officer of the United States Army in the Philippines, and from the masters of the mer
chant marine, and who attest by their ready response to requests for cooperation, their 
appreciation of the efforts being made to improve the charts and Sailing Directions of 
the Philippine Islands up to the requirements of modern standards. 

The cost of the Survey, as in the past year, has been met by a division of expenses 
between the United States and the insular government. The United States has 
defrayed all the expenses for the field officers and experts detailed for service in the 
islands, the lithographing, engraving and publishing of charts, and furnished the 
instrumental outfit and supplies from the United States. The insular government has 
defrayed the local field and office expenses, maintained the steamer Researc!t, and is 
paying for the construction of the surveying vessel now being built at Hongkong. 

TOPOGRAPHY. 

TRIANGULATION. 

PHILIPPINE !SI.ANDS. JOHN BACH. 

The survey of the west coast of Luzon north from Santa Cruz was assigned to 
Observer John Bach. He reached Santa Cruz on March 24 and began work immedi
ately. A small triangulation was extended along the coast to the northward, and on 
June 30 was in progress in the vicinity of Agno. A topographic survey was also made 
along the coast within the same limits. Mr. P. A. Staples, Aid, served in the party 
during the season. 

BASE MEASUREMENT. 

HYDROGRAPHY. 

TOPOGRAPHY. 

TRIANGULATION. 

PHILIPPINE ISLANDS. 

JOHN RACH, Observer. 
c. M. SPARROW, Aid. 
P. A. STAPLES, Aid. 

SUMMARY OF RESULTS. 

Base measurement: 
r base line measured. 

Current observations: 
5 stations occupied. 

Hydrography: 
287 square miles area covered .. 
9,6Q mites lines sounded. 

31 790 soundii1gs made. 
3 tide stations established. 
5 current stations occupied. 
5 hydrographic sheets completed. 

WILLIAM Bowm. 

Sept. 26 to Jan. 25. 
Feb. 5 to Feb. 25. 
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Topography: 
w8 miles shore line surveyed. 
18 miles shore line rivers surveyed. 
7 miles shore line creeks sun·eyed. 

15 111iles roads surveyed. 
8 topographic sheets co111pleted. 

Triangulation: 
289 square miles area CO\'ered. 
30 stations occupied. 
91 geographic positions determined. 

The survey of the region in the vicinity of Iloilo, Panay, was assigned to Assistant 
Bowie. He organized a party in Manila and start~d l\Ir. John Bach, Observer, to the 
field on August 3 in charge of the party and outfit. He proceeded to Iloilo and began 

No. 36. 

10 zo 

+ 
,,.,,-# 

-~f~:{:~!~~~~"-------~~~-,__,~~,--~--=:::~ota 

0 

Jiydrography, topography, an<l triangulation, Philit>pi11e 1:-;lands. 

work on the 6th. Mr. Bowie left Manila on the 8th and found the party at work when 
he reached Iloilo. 

A self-registering tide gauge was established at Iloilo and a base line was measured 
in the vicinity. A topographic and hydrographic survey, based on triangnlation, was 
then made to cover Iloilo Harbor and Strait to its eastern entrance, where the reefs 
and shoals lining the strait were thoroughly developed. 

The Il,oilo astronomic station was connected with the triangulation after completing 
the work to the eastward, and the triangulation and topography were extended from 
the base line to the southwest corner of Guimarns Island and westward along the coast 
of Panny for a distance of I 2 miles. The positions of some spires and mountain peaks 
within 36 miles to the westward were determined. A complete hydrogrnphic survey 
was made of that portion of the west coast of Guimaras Island befo·een Nalmral Islancl 
and Lusaran Light-house, inclucling Ports Santa Ana and Igan. A detailed hydro-
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graphic survey was made of the Iloilo River and of the approach to the United States 
Army pier and landing at Buena Vista, Guimaras Island. The topography included 
the details visible from the shore line. Current observations were made at fi\'e stations, 
at one of which, in Iloilo Harbor, the observations were continued for twenty-four 
hours at spring tide. A continuous record was obtained on the self-registering tide 
gauge during the progress of the work, and it was left in operation in charge of a 
native under the direction of the provincial supervisor. For reduction of soundings 
distant from this gauge, observations were made on staff gauges established at Siete 
Pecados and at Port Santa Ana. 

The field work closed on February 25 and the party returned to Manila. Mr. 
John Bach did the triangulation work and assisted in the hydrographic and topographic 
work. Mr. Sparrow did topographic work and ::\fr. Staples assisted in the hydrographic 
work. Mr. Bowie reports that all these officers did their work faithfully and well. 

PHILIPPINE ISLANDS. 

ASTRONOll!IC OBSERVATIONS. 
BASI~ MHASL'RE:'.IEN'I'. 
I-fYDROGRAPHY. 

R. B. DERICKSON, Commanding, 
Steamer Research. 

:\L\GKETIC OBSERVATIONS. 
TOPOGRAPHY. 
TRIANGULATIO~. 

::-; ' G. GRAYSON, /Vatc!t O.tficcr. 
G. \V. IIl;TcHI(SON, Cl1ief E11gi11cer. 
\V. \V. l\'IARKOE, 5i111;t;co11. 
F. n. r,oREN, Aid. 
M. ELLIO'l'T, Observer. 

Sl:llr:l!ARY OF RESULTS. 

Astronomic observations: 
1 azimuth determined. 

Dase measurement: 
3 base lines measured. 

Hydrography: 
r 590 miles lines sounded. 

42 584 soundings made. 
6 tide stations occupied. 
8 current stations occupied. 
2 hydrographic sheets completed. 

Magnetic obsen·ations: 
4 stations occupied. 

Topography: 
134 square miles area co\•ered. 
85 miles shore line sun·eyed. 
15 miles roads sun·eyed. 

July 1 to June 4. 

July I to Sept. 20. 

3 miles shore line of creeks sun·cycd. 
7 miles shore line of rivers sur\'eyed. 
2 topographic sheets completed. 

Triangulation: 
I SS sq narc miles area covered. 
24 stations occupie<l. 
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On July I the survey of the entrance of Danao River, Negros, was in progress 
under the direction of Assistant Derickson, commanding the steamer Research. The old 
triangulation stations were recovered and the topographic survey was extended 6 miles 
up the river and along the coast to Escalante. A traverse line was run across the -land 
between Escalante Bay and Danao Ri\'er and the survey of the shore line was extended 
around Point Ocre. The hydrographic survey was made in connection with the other 
work. The difficulty of obtaining fresh water delayed the work considerably during 
the season. This work closed on August 5. The necessary preparations were made, 
and the survey of Capiz Roads on the north coast of Panay began on August I7. A 
triangulation was extended from the geographic station at Capiz to Port Batan and a 
survey was made of the shore line between these places. A hydrographic survey was 
made of Port Batan and of Capiz Roads, but the shifting of the monsoon prevented the 
completion of the hydrographic survey connecting these two places and the development 
of the outside reefs. The work closed on December 12 and the vessel proceeded to 
IloilJ. 

The survey of the south end of Guimaras Strait was resumed on January 10. The 
triangulation was extended across Guimaras Island and Strait to the west coast of 
K egros from the points previously established in the survey of Iloilo Straits. A short 
base line· was measured on Susan Island for immediate use, and this was subsequently 
connected with the main scheme of triangulation. The topographic survey included 
both shores of Guimaras Straits and the intermediate islands, the south end of Guimaras 
islands, and the Unisan group of islands, the work being done by Mr. F. B. Loren. A 

)1ydrographic survey was made of the main channels and the banks and reefs were 
developed. The work was suspended on March 27 and the Research proceeded to Manila 
for repairs. 

On June 10 the work on the north coast of Panay, suspended in December on 
account of the monsoon, was resumed and was in progress at the close of the year. 

TOPOGRAPHY. 

TRIANGULATION. 

PHILIPPINE ISLANDS. W. B. FAIRFIELD. 

The survey of the west coast of Luzon south from Santa Cruz was assigned to 
Assistant Fairfield. He reached Santa Cruz on February r 1 and began work immedi
ately. A small triangulation was extended along the coast to the southward, and 011 

June 30 had reached the vicinity of Iba. A topographic survey of the coast was made 
within the limits named, by Mr. C. M. Sparrow, Aid in the party. 

AsTRONOl\HC OBSERVATIONS. 

BASE: MEASUREMENT. 

TOPOGRAPHY. 

TRIANGULA'I'ION. 

E. I". DEACON, Recorder. 
c. E. CULLEN. Recorder. 

PHILIPPINE ISLANDS. H.F. FLYNN. 

July I to Sept. 13. 
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SUJ\1:\iARY OF RESULTS.* 

Astronomic observations: 
2 azimuths dctem1inecl. 
r latitude determined. 

Base measurement: 
2 base lines measured. 

'l'riangulation: 
3 r stations occupied. 

On July I the triangulation and topographic survey along the north coast of Luzon, 
P. I., was in progress by a party under the direction of Assistant Flynn, and had 
reached Bangue, !locos Norte. The work was continued along the coast until October 
I I, when the work was completed to Linao, Cagayan. 

Preparations were made to return to Manila, but the party was delayed waiting for 
a steamer until the 24th, and did not reach Manila until the 29th. 

BASE MEASURE:l!ENT. 
HYDROGRAPHY. 

CHINA SEA. J. J. GILBERT, Commanding, 
PHILIPPI=--E ISLANDS. Steamer Patltjiudcr. 

PHYSICAL HYDROGRAPHY. 
TOPOGRAPHY. 
TRIANGll!,ATION. 

H. S. Sl\!I'l'H, First Watclz Officer. 
R. H. HAWKES, Surgeon. 
]. F. Gor.DSBOROUGH, C/n'ef Engineer. 
L. M. HOPKINS, Clzir:f Engineer. 
B. A. RAIRD, Aid. 
\V. C. DIBREI.I., A id. 
J. M. Cor.E::IIAX, Serond TJ/atc/1 Ojjicer. 
L. H. WHSTDAHI,, fJffk Officer, First Class. 
C. F. DEICHMAN, Captain's Clerk. 

SUl\!MARY OF RESULTS. 

Base measurement: 
1 base line mea5urccl. 

Hyclrography: 
841 square miles area covered. 

r 455 miles lines sounded. 
27 219 soundings made. 

6 hydrographic sheeL~ complctecl. 
Physical hydrography: 

600 miles lines soumlccl. 
35 soundings made. 

Topography: 
200 square miles area covered. 
214 miles coast line sun·eyed. 

12 miles shore line of sloughs surveyed. 
14 miles roads and strccL~ surveyed. 
5 topographic sheeL~ completed. 

Triangulation: 
r 90<> square miles area CO\'Crcd. 

28 stations occupied. 
52 geographic positions dctcnnincd. 

July r to Nov, 3. 
Nov. 3 to Jan. 27. 

*Incomplete. Complete data not furnished by chief of party. 
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The steamer Patlz.finder, with Assistant J. J. Gilbert in command, left Manila on 
July r 5 for the purpose of running a . line of deep-sea soundings from a point off 
Lingayen Gulf to a point northeast of the island of Formosa. 

The reel holding the sounding-wire had been immersed in oil since 1900 and should 
have been in good condition, but the wire parted in attempting to make the first sound
ing when the sounding-rod was a short distance below the surface of the water. The 
wire was then tested by attaching a sinker, but the wire parted again after reaching 
bottom in 2 roo fathoms in the attempt to reel in. An unsuccessful attempt was made 
to refill the reel at sea and the vessel then proceeded to Amoy, China, to have her 

No. 40. 

120' 55' 56' 57' izo sa' 

.<., 
(;- . 

-F 
~ 

+ 14'41' 

0 

+ + 4 

'<$ 

+ + 

Topography, Philippine Islands. 

bottom cleaned and painted, and while there 4 ooo fathoms of wire were placed on tl?-e 
reel. 

The vessel left Amoy on the 23d and the next moruing made a departure from 
Agincourt Island. The first sounding was made at r r a. m. with the Tanner machine 
at a point 45 miles northeast from Agincourt Island. The vessel ran S. ro0 E., sound
ing at intervals with the Tanner machine until 7 p. m., when the use of the Sigsbee 
machine began in r 100 fathoms of water. Soundings were made at regular intervals, 
except when delayed by a break in the wire or some other accident, until 5.30 p. m. on 
the 29th, when the last sounding was made off the coast of Luzon, P. I. Courses and 
distances were recorded until the position of the ship was secured off Capones Light. 
The vessel returned to Manila on the 30th of July. 
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Preparations were made for the survey of Lagonoy Gulf, and the vessel left Manila 
on August r 1 and reached the field of work on the r 3th. Signals were erected and the 
triangulation, topog-rarhy, and hydrography began and progressed as rapidly as the 
conditions permitted. 

By the end of the month the work was brought up to Tabaco Bay, and three clays 
later the tmsurveyed portions of the topography arou!1d the bay was completed. After 
some delay in securing coal and other supplies, the triangulation was cxt~ndecl tp the 
head of the gulf and the topographic and hydrog:raphic surveys of the gulf were com
pleted. On October 30 the last sounding was made and the vessel started for ?lfanila. 
The next morning a line of sounding was started from a point near Maraud uqui Island 
and continued at hourly intervals until night. The vessel reached :Manila at 11. 30 
p. m. the same day. 

In the sun·ey of Lagonoy Gulf the topographic work began at East Point, Batan 
Island, and was extended all around the gulf to ~ agumbuyan Point, including several 
miles in Tabaco Bay to fill in gaps in the previous work in this vicinity. The hydro
graphic work with the launches was extended out to the 100-fathom curve except to 
the cast of Calanaga Bay, where it does not extend out .quite so far. A self-registering 
tide gauge \Vas maintained at Tabaco during the prngress of the work, but no other tide 
observations were made. 

On December 14 supplementary survey work wa~ taken up by the party on the 
Patltfindcr in :Manila Bay, vicinity of l\falabon, while some necessary repairs were being 
m::ule, which kept the ship in the dcinity of ?lfanila. This work included the topo
graphic survey of Canacao Bay and the coast southwest from Sangley Point for a dis
tance of 3 miles and the hydrographic survey from a poif1t near Paranaque to the limit 
of the topography. Special work was clone in Canacao Bay at the request of the com
mandant of the Cavite ~avy-Yard. The positiom; of all mo0ring and wreck buoys 
within the area surveyed were determined. The work was completed on January 27. 

AsTRO::-;o:mc OBSERVATIONS. PHILIPl'INJ.; ISJ,ANDS. 

MAGNI<:TIC OBSERVATIONS. 

Astronomic ohsen·ations: 
1 azimuth cstablishcu. 
2 Jatituclcs detcrminccl. 
2 longitudes dctcrmincu. 

Magnetic obsen·ations: 
2 stations occupiccl. 

J. E. MCGRATH. 

W. B.. FAIRFil•:LD. 

The determination of astronomic base positions was assigned to Assistants McGrath 
and Fairfield. They made observations to cleterminc their personal equation and com
pleted all other necessary preparations at Manila. Mr. McGrath sailed for Iloilo, Panay, 
on August 24 and arrived there on the 28th. Preparations were immediately made to 
use the astronomic station at Iloilo as· the base station from which to determine the 
longitude of Cuyo, Cit)'O, and San Jose de Buenavista, Panay. The telegraph line 
between Iloilo and the latter place was in poor condition and caused additional delay to 
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that caused by the exceptionally unfavorable weather. From September to November a 
great deal of rainy weather is usually to he expected at Iloilo, hut during this period in 
1903 an extraordinary amount of bad weather was encountered, and the observations to 
determine the difference of longitude between Iloilo and Cnyo were not completed until 
November 20. Observations were made at Iloilo to determine an azimuth for use in 
the triangulation in the vicinity. On December r the station at San Jose was ready 
for a)l exchange of signals, but the necessary observations to determine the longitude 
were not completed until December· 13. The weather continued bad until the r 7th, 
when the attempt to secure more observations was abandoned, and on December 2 r Mr. 
McGrath sailed for Manila and reached there on the 24th. 

The character of this work rendered it necessary to make many demands upon the 
officers of the Army and Philippine Constabulary for facilities and assistance at various 
points, and Mr. McGrath states his pleasure in acknowledging the unvarying courtesy 
and kindness with which all his requests were granted. At Ormoc, Manila, and 
Iloilo, the aid desired was instantly granted by the officers of the Quartermaster's 
Department, and the cooperation of the Signal Service could not have been more generous 
or more thorough. 

Mr. Fairfield sailed from Manila for Cuyo, Cuyo, on August 23 and reached there 
on the 25th. He was ready for work on the 28th, hut rainy weather prevailed and it 
was not possible to make observations for time and exchange signals with Iloilo on any 
night during the remainder of the month or during September. 

In October almost the same unfavorable weather conditions prevailed. Observations 
were made on a few nights, but until the 29th it was either rainy or cloudy at Iloilo. 
A complete set of observations were made on the 29th, and the weather was clear on 
the 3 rst, but the telegraph line broke down and_ no signals could he exchanged. 
Broken sets of observations were made on October 3, 11, 14, 15, 19, and 20, when the 
necessary observations were completed. Observatiops to determil1e the latitude and 
magnetic observations were also made at Cuyo. 

On November 29 Mr. Fairfield went to San Jose de Buena•>ista, Panay, and on 
December l was ready for ;)hservations, but bad weather prevailed until the r 2th and 
13th. On these dates good sets of observations were obtained. Bad weather again 
prevailed until the 19th, when the attempt to secure other obsen·ations was abandoned 
in order to take advantage of an opportunity to leave this unfrequented port, and 
Mr. Fairfield sailed for Manila, where he arrived on December 27. 

Obsen·ations were made to determine the latitude at San Jose and magnetic 
observations were also made. The stations were marked in a permanent manner. 

HYDROGRAPHY. 

TOPOGRAPHY. 

B. A. BAIRD, Assistant. 
\\'. C. l>IBREI,I., Assistant. 

l'HILIPPINB ISLA~DS. 

II. 8. SMITH, J·i"rst Watch Officer. 
R. I-I. HAWKES, Surgt'Oll. -
L. M. HoPKI:-iS, Cliit:f H11gi11et'r. 
J. M. COLEMAN, Second Watclt Ojjicer. 

F. \VESTDAHL, Commanding, 
Steamer Pathfinder. 
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SU:\I:\IARY OF RBSUI,TS. 

Hydrography: 
2j8 square miles area covered. 

1 068 miles lines souncled. 
22 547 soundings made. 

2 title stations established. 
5 hydrographic sheets completed. 

Topography: 
3 miles shore line surveyed. 
1 topographic sheet completed. 

The hydrographic survey of the west coast of Luzon, hetwee11 Point Candon an 
Currimao, was assigned to Assistant Westdahl, commanding the steamer Patltjindc; 
The vessel sailed from Manila on March 8. A stop of two hours was made at ti: 
entrance to Manila Bay, and an examination was made for the purpose of locating 
shoal reported off the eastern encl of Cavallo Island, but no shoal was found. Only 
general examination was possible, as no signals were available. The ship reached tl1 
working ground on March 9, and a self-registering tide gauge was established ~ 

Salqmague, where observations began on the 15th. Tha triangulation stations we1 
recovered and signals were erected from Salomague Island to Pinguet Island to tli 
southward, the positions of additional stations being determined whenever necessar) 
To the northward a boat could not be used on account of the heavy swell, and so 
party was sent overland under a military escort provided by the insular authoritie: 
Soundings were made from the boats whenever the heavy swell permitted, and wit 
the ship offshore at such times as the work inshore was not practicable. The wor 
was interrupted once in order to permit the vessel to return to Manila for coal. 0 
the return trip the vessel experienced the effect of a northerly current of two miles pc 
hour in the vicinity of Salomague. \Vhile sounding off point Culili the heavy swe 
was breaking on all reefs dangerous to the ship, and consequently soundings could 1: 
made close to them and to the sandy shore between Point Culili and Currimao. 

A hyclrographic survey of Currimao anchorage was made on a large scale and ab 
a resurvey of the shore line. A tide staff was erected in the mouth of a small lagoo 
in a sheltered part of the bight and continuous observations were made during tile tw 
days the sounding was in progress. This work was completed on ::Vlay 14, and on th 
16th the ship went west to Pinguet Island and took up the work in that vicinity. Wor 
was continued whenever the conditions permitted until May 27, when the vessel saile 
for Hongkong for repairs. The work for the season covered the coast from Point Dil 
to Point Culili, including surveys of Salomague and Currimao harbors on a large scah 
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HYDROGRAPHY. 

MAGNHTIC 0BSHRVATIONS. 

PORTO RICO. R. L. FARIS, Commanding, 
Steamer Blake. 

L. 1\L FGR111A:-o, Watch O.ffircr. 
J. T. Gor,DSHOROGGH, C/ii,:f 811.r:;i11ccr. 
\V. F. Gr.OVER, 1Vatcli Officer. 
G. C. BAI,I,ARD, Assista11t S111;i;con. 
GEo. 01.s1rn, Watch <?/firer. 
H. l\l. TRUEBLOOD, Aid. 
B. c. LILl,IS, Aid. 
F. T. LAWTON, .Aid. 

SUM::l!ARY OF RESULTS. 

H ydrogra ph y: 
298 square miles area covered. 

I 503 miles lines sounded. 
32 960 soundings made. 

3 tide stations established. 
4 hydrographic sheets completed. 

"'.\lagnetic observations: 
18 stations occupied. 

Hydrographic work on the east coast of Porto Rico and magnetic observations at 
sea were assigned to Assistant Faris, commanding the steamer Blake. The vessel left 
Baltimore on March 5, and magnetic observations were made the same day in Chesa
peake Bay off the mouth of the Patuxent River, by swinging the ship, and on the 
following day in Hampton Roads. l\fr. D. L. Hazard, Computer .in the Division of 
Terrestrial l\fagnetism, assisted in this work and then landed at Norfolk. 

The vessel sailed from Norfolk on March 9 for San Juan, Porto Rico, and reached 
there on the 15th. During the voyage magnetic obsen·ations were made by swinging 
the ship every day when the weather was suitable. The vessel reached Vieques Sound 
on the r 7th and on the r 9th magnetic observations were made in the usual manner. 
From March r 8 to May 30 the hyclrographic work proceeded without material interrup
tion. Almost half the work of the season consisted of reexaminations of passes and 
channels, leading into Vieques Sound, with the channel sweep. The previous work 
was extended offshore to deep water (over 350 fathoms) along the whole of the north 
shore of Vieques Sound from Virgin Passage to a point 7 miles to the westward of 
Cape San Juan. All this work was done with the deep-sea sounding apparatus except 
the development of the western part of Cordilleras Reef, which extends about s miles 
west of Cape San Juan. About 3 miles of this reef was examined closely with the 

. channel sweep. A number of spots in the vicinity of Culebra and Culebrita islands 
were specially examined and additional buoys and ranges were charted in the vicinity 
of Culebra Island. About 20 square miles of area lying immediately to the eastward 
of Arenas Point bell buoy was closely and carefully resurveyed, by using two systems 
of lines and the channel sweep. 

Tide observations were made at Fajardo during the season and temporary tide 
gauges were established at Target Bay and l\fangro,·e Harbor and simultaneous readings 
were made on these gauges and on the gauge at Fajardo for purposes of comparison. 

On May 30 magnetic observations were made on board and on shore at Obispo Cay, 
and the vessel proceeded to San Juan. On June 2 the ship sailed for Hampton Roads, 
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Virginia, and reached there on the 8th. 
made daily, if the weather permitted. 
Hampton Roads on the day of arrival. 

Dnrini:; the voyage magnetic observations were 
The ship was swung twice at sea and once at 

All the officers exce1:it the Chief Engineer and the Surgeon performed navigation 
duties and stood regular watches at sea. The officers all assisted in the general survey 
duties as.<;igned to the ship. Assistant Faris expresses his appreciation of the willingness 
and zeal displayed by the officers in assisting in the hydrographic and magnetic work. 
He also makes special mention of the uniform kindness with which Capt. Andrew Dun
lap, U. S. Navy, commandant of the San Juan :Naval Station, treated the party upon 
all occasions. 
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Jiy<lrography, Vicques Roun<l 1 Porto Rico. 

MAGNETIC OBSERVATIONS. PORTO RICO. W. B. KEELING. 

The work at the Porto Rico Magnetic Observatory on Vieques Island was con
tinued hy Mr. R. F. Soper, under the direction of Assistant L. A. Bauer, during July, 
and on August 1 the charge of this work was transferred to Magnetic Observer Keel
ing. A continuous record of the changes in the relative values of the magnetic elements 
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was obtained on .the self-registering magnetograph throughout the year. Observations 
to determine the absolute value of the declination and horizontal intensity were made 
twice every week and once a week to determine the vertical force. A seismograph was 
installed in August and observations began September 4. Fourteen well-defined seismic 
disturbances were recorded. 

A small building was erected in December as an observatory for the absolute meas
ures, and observations were made in it after January 4. Meteorological observations 
were made every day and obsenrations for time were made once a week. 

Special rapid registrations of the magnetic elements were obtained on the 1st and 
15th of every month. 

Mr. Keeling reports his appreciation of the faithful and conscientious service 
rendered by Mr. Eustaquio Morales (employed in the observatory) in performing all 
duties assigned to him. 

HYDROGRAPH'\'. 

J. n. :i.\lILLER, Aid. 

POR'ro RI(.'0. 

St;M!l!ARY 01' RHSUI,'fs. 

22 square miles area covered. 
449 miles lines sounded. 

23 886 soundings made. 
2 tide stations established. 
2 hydrographic sheets completed. 

J. c. LANDERS. 

Hydrographic work 011 the southwest coast of Porto Rico was as..'>igned to Aid Lan.
ders. He left Baltimore with his aid, Mr. Miller, January 27, 011 board the Coast and 
Geodetic Survey steamer Baclie, and arrived in Mayaguez February 13. The launch 
Rudy was taken from storage and put in order, under direction of the commanding 
officer of the Bac!ze, Assistant P. A. Walker, but was not ready for use until March 2. 
'l'he members of the party as.-;isted in this work until February 23, when Mr. Miller and 
three men were established in camp at Guaniquilla Point, on the north side of Boq ueron 
Bay, and began building signals at the triangulation points already establii;hed for use 
in the hy<lrographic work. Soundings began on March 8 and were continued when
e\'er the conditions permitted until March 30, when the work in the bay was completed. 
Inside the bay lines of soundings were made east and west at intervals of 100 meters, 
and north and south at intervals of 200 meters. Outside the reef at the mouth of the 
bay the work was extended to cover the area not previously sounded, the lines forming 
a rectangular system, with intervals of from 100 to 150 meters. 

After finishing the work in Boqueron Bay, the party was movecl to Point Jagucy 
and preparations were made for the hydrogrnphic work off Cape Rojo. The launch 
broke down and much of the otttfit was moved in the whaleboat, which caused great 
delay, as only small loads could be carried. Signals were erected at old triangulation 

· points and additional positions were determined. 'fhe hydrogrnphic work began ·on 
April 15, bat the launch was in bad condition and was sent twice to Mayaguez for 
repairs. In spite of delays from this and other causes, the work in the vicinity of Cape 
Rojo was completed on May 13. South and east of the cape a rectangular system of 



COAST AND GEODETIC SURVEY REPORT, 1904. 

lines were sounded, with intervals of 200 meters. To the west the work was done in a 
way to form a proper extension of the survey made in 1901, covering the area between 
that work and the shore. After completing this work, the outfit was moved to 
Mayaguez and stored, and the party, except Mr. Miller, then proceeded to San Juan 
and reported for duty on board the steamer Bache on May 2 r. 
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Hydrography, southwest coast of Por·to Rico. 

Mr. Miller was detached from the party on May r 5 and ordered to the, Office. He 
is highly commended by Mr. Landers for the zeal, intelligence, and executive ability 
displayed in performing the duties assigned to him, consisting of signal building, 
measuring sextant angles, compu.tations, etc. 
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MAGNETIC OBSERVATIONS. 

HYDROGRAPHY. 

PORTO RICO. 

W. M. ATKINSON, Walclz Officer. 
G. E. MARCHAND, Surgeon. 
M. F. FI,ANNERY, Chief Engineer. 
\\'111. B. PROCT<m, !Vatch Officer. 
E. C. SASNE'l"r, Aid. 
\V:\I. SANGER, Captain's Clerk. 
E. l\1i.;m,r,1m, Aid. 
E. V. }hLLBR, J1111ior Captain's Clerk. 

SU:\!!IIARY OF RJ!.SUJ,TS. 

Magnetic observations at sea: 
14 stations occupied. 

Hy<lrography: 

P.A. WELKER, } c d' omman mg, J. B. BOUTELLE, 

Steamer Badie. 

2o6 square miles area covered. 
2 200 miles lines sounded. 

6o 983 soundings made. 
2 ti<le stations occupied. 
5 hy<lrographic sheets completed. 

Hydrographic work 011 the coast of Porto Rico was assigned to Assistant \Velker, 
commanding the steamer Baclie, and he was also instructed t-0 make magnetic observa
tions at sea on the voyage to and from the island. The first set of these observations 
were made in Hampton Roads, Virginia, on February 2, and on the 4th the ship sailed 
for Porto Rico, ancl arrived at San Juan on February IO. Magnetic observations were 
made every clay during the voyage. On the 13th the vessel procee<led to Mayaguez 
an<l the field work began immediately. The triangulation stations between l\fayaguez 
and Caho Rojo were recovered and additional positions were determined for the hydro
graphic work. The launch Rttd)' was put in order for Aid J. C. Landers, in charge of 
a shore party, and he was assisted in establishii1g his camp on Boqueron Bay. 

On February 25 the sounding work ofI the coast began, and was continued without 
interruption whenever the weather conditions permitted, the ship and two launches 
being used in the work. From Febrnary 28 to April 22 the work was done under the 
direction of Assistant J. B. Boutelle, who was in command of the ./Jad1e during the 
absence of Assistant \Velker on other duty. 

The channels between the reefs were sounded with the channel sweep in use, and 
munerous special examinations for shoal spots were made. Lines of soundings from 
one-half to 1 mile apart were run, and intermediate lines were sounded whenever they 
appeared to be necessary. In the vicinity of the 100-fathom curve the channel sweep 
was set to a depth of 4 Yz fathoms, and lines were sounded at inten·ah; of 100 to 300 
meters. By :\lay 14 all of the work inside of the roo-fo.thom curve from Tourmaline 
Reef to a junction with the work finished during the previous season, about 2 miles to 
the westward of Magarita Reef, was completed, and on that date observations to deter
mine the magnetic elements were made on board ship and on shore at Mayaguez. This 
closed the work in this locality and the vessel proceeded to San Juan. 
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During this season the weather was almost continuously fair, with occasional rain 
squalls. The sea was generally rough as a result of the trade winds, but the work with 
the steamer was kept up continuously. 

On May 18 the work off the north coast of the island to the westward of San Juan 
Harbor began, and was continued until the 26th, when the work in Porto Rico closed 
for the season. The trade winds were strong and the sea was usually so rough that 
only the morning hours could be used for sounding. A reported obstruction was located 
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in the entrance to San Juan Harbor, and its position was determined. On May 26 mag
netic observations were made on shore at San Juan. The \'essel left San Juan on May 
28, and reached Hampton Roads on June 3. On account of the rough seas and the 
rainy and cloudy weather during the voyage north, only one set of magnetic observa
tions were obtained at sea.,. Another set was made in Hampton Roads. 

In his report, Assistant \Velker expresses his appreciation of the faithful and intel
ligent manner in which the officers of the ship performed the duties assigned to them, 

·a11Cl states that much of the success of the season's work is due to the aid rendered by 
them. 



SPECIAL DUTY. 

EXAMINATION OF TI-IE VIRGINIA OYSTER LANDS. J. B. BAYLOR. 

On August 7, 1903, under authority of the Secretary of Commerce and Labor, 
Assistant Baylor was detailed to duty with the joint special committee of the general 
assembly of Virginia, appointed to in\'estigate the present conditions of the State oyster 
lands. 

This detail was made in compliance with the request of the chairman of the 
committee, Hon. W. D. Cardwell. Mr. Baylor made a survey of these oyster lands for 
the State authorities l 892-1895. and his assistance was especially valuable to the 
committee. He joined the committee at Norfolk on the date mentioned, and about 
two weeks were spent in making a personal inspection of the oyster lands. 

SURVEY OF LOl'ISlANA OYSTER BEDS. J. B. BAYLOR. 

The survey of the natural oyster beds and reefs in the State of Louisiana begun 
during the previous fiscal year, at the request of the United States Commissioner of 
Fish and Fisheries, was continued, in cooperation with the Louisiana Oyster Commission, 
by Assistant Baylor, who reached New Orleans on January 27. The determination of 
geographic positions by triangulation was continued until April 22, when field work 
closed for the season. Eighteen triangulation stations were occupied and twenty-four 
geographic positions were determined. The positions of numerous subsidiary stations 
were also determined within the 7 5 square miles of area covered by the triangulation. 
The work extends over the region between the mouth of the Mississippi Ri\'er and 
Quarantine Bay, and along the east bank of the river and the shores of the bays to the 
eastward. 

In their annual report, the Louisiana Oyster Commission acknowledges the value 
of this work in controlling the sur\•eys made in subd.ividing the oyster bedding grounds, 
as it is possible to connect the division lines with one or more of the triangulation 
stations. 

HE:'IIPSTEAD HARBOR SPJ<:ED-TRIAJ, COURSE. J. B. BOUTELLE. 

In response to a request from the New York Yacht Club, a speed-trial course was 
established in Hempstead Harbor, Long Island, New York. The work was assigned 
to Assistant Boutelle, and he completed the work between June l l and 25. A line, 1 

nautical mile long, was measured along the shore with a tapeline, and the distance 
between the marks so established was then determined by triangulation from. old 
stations which were recovered in the vicinity. Front and back ranges were established 
at both ends of the course. 

144 
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RESURVEY OF MASON AND DIXON'S LINE. w. C. HODGKINS. 

The resurvey of Mason and Dixon's Line, the boundary line between the States of 
Maryland and Pennsylvania, was in progress on July 1 under the direction of Assistant 
·w. C. Hodgkins, who had been detailed for this duty in response to a request from the 
joint commission, established by the States named, for an officer of the Survey to direct 
the work which was done at the expense of the States. 

::\fr. Hodgkins's services being required for other special duty, the field work was 
done by Mr. R. H. Blain, his assistant, who acted under his direction except during 
the period July 27 to August 7, when Mr. Hodgkins was with the party in the field and 
made all necessary arrangements for the completion of the work. In spite of unfavor
able weather conditions Mr. Blain completed the field work in connection with this 
survey by August 3 1. 

MISSISSIPPI RIVER Co:MIIIISSION. H. L. MARIN'DIN'. 

H. P. RITTER .. 

Assistant Marindin continued his service as a member of the Mississippi River Com
mission, from July 1 to March 25, the date of his death. During this period he per
formed all the duties required of a member and de,·oted a considerable portion of his 
time to the work. 

He left \Vashington on November 5 and attended a meeting of the Commission at 
St. Louis, l\fo., and from November 7 to 17 he was with the Commission on a trip of 
inspection down the river to New Orleans, La. In March he again attended a meeting 
of the Commission in St. Louis and made a trip of inspection down the river, and his 
death occurred a few days after I.is return to the Office. A short biographical notice of 
this distinguished officer appears in the proper place in this Report, under the head of 
Necrology. 

Assistant H. P. Ritter was appointed by the President to succeed Assistant Marindin 
as a member of the Commission, and this appointment was confirmed by the Senate on 
April 14, 1904. His absence on duty in Alaska pre\·ented his acth·c participation 111 

the work of the Commission during the remainder of the fiscal year. 

TRIANGULATION OF THE CITY OF NEW YORK. 

St:~IMAR\' OF RESULTS. 

Reconnaissance: 
379 square miles area co,·ere<l. 
56 triangulation stations selected. 

Triangulation: 
3 I 9 square miles area co\·ered. 
19 stations occupied. 
56 geographic positions detcnnined. 

A. T. lVlOSMA.:\'. 

The triangulation of the city of New York was in progress by the city authorities, 
under the direction of Assistant Mosman, at the close of the last fiscal year, as stated in 
the previous annual report. 

10277--04--10 



146 COAST AND GEODETIC SURVEY REPORT, 1904. 

Messrs. George \Vood and Camille Mazeau continued the work of observing until 
Mr. Mazeau resigned in July. No other-observer was available until November, when 
Mr. F. W. Koop was appointed. The work progressed throughout the year whenever 

--
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Triang-ulation, New York City. 

::>o. 47. 
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the conditions permitted. During a large portion of the time the weather was tmfavor
able for making observations, and many of the lines passed over the manufacturing 
section of the city and were obscured by smoke, even when heliotropes were used, except 
during strong winds in certain directions. The work was in progress on June 30. 
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PATROi, lkTY. NEW JERSEY. JoHN Ross, Commanding, 
Steamer 1-1,ydrographer. 

By direction of the Secretary of Commerce and Labor, officers were detailed to 
patrol the course of the regatta of the New York Bay Regatta Association, to be held 
on the Kill von Kull on August 29, 1903, and Nautical Expert John Ross was designated 
as the commanding officer by the Secretary. 

He reached Tompkinsville, N. Y., on August 27, and communicated with Capt. 
W. M. Folger, U.S. Navy, Inspector of the Third Light-House District, who furnished 
an electric launch to aid in the work. Aid Quillian, with the launch Inspector, reported 
on the 28th, and Assistant Boutelle, with the steamer Bache, early on the 29th. The 
patrol fleet was arranged as follows, viz: 

\·cssc.:1. Cotu11innrli11g rifficer. 

Hydrographer .............. ' John Ross, Xautical Expert. 
Bache ...................... J. R. Boutelle, Assistant. 
Launch Inspector . . . . . . . . . . . C. L. Green, First \Vatch Officer. 
Launch (steam) ............. \V. M. Atkinson, First Watch Officer. 
Launch (oil No. 31) ......... C. E. Marchand, Surgeon. 
Launch (electric) . . . . . . . . . . . \Vm. Sanger, Captain's Clerk. 
J_,aunch (gasoline) .......... C. G. Quillian, Aid. 
\Vhaleboat, No. I ••..••.••• 1 E. V. Miller, Junior'Captain's Clerk. 
\Vhaleboat, No. 2 .......... ·1 E. C. Sassnett, Aid. 

• I ------- ··-----·-- ---· - - -- -- --- - ---------·-

Copies of the rules governing the race \\'ere distributed to the commanding officers, 
who had authority to enforce them. 

In spite of very unfavorable weather, rainy and with the wind blowing at a velocity 
of 20 to 25 miles an hour, the regatta was held, but many of the races failed. 

The 1-lydrographcr was anchored at the starting line and the Bache at the finish 
line, while the boats were distributed along the course. Each boat of the patrol flotilla 
performed the duty assigned in a most satisfactory manner. The two whaleboats were 
ordered back to the Bache after being on duty one and a half hours, as the water was 
too rough for their effective use. Thirteen men were taken on board from swamped 
boats, and nine boats were recovered and taken to the clubhouse. The assistance 
rendered by the light-house officer in charge of the electric launch and her crew deserves 
high commendation. At 6 o'clock further attempts to race were abandoned, and the 
vessels of the patrol fleet returned to their respective duties. It was afterwards deter
mined to have the unfinished races on September 12, and Mr. Ross was again placed in 
charge of the work of patrolling the course. 
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The Light-House Service furnished the tender Daisy, the 
as before, and six power launches were hired for the occasion. 
follows, viz: 

Hydrograp!zer was used 
The patrol fleet was as 

_____ ,_·e_ss-·c_1. _____ i ______ co_•_m_n_a1_1ding officer. 

Hydrographer .............. ; John Ross, Nautical Expert. 
Daisy ...................... ' Capt. E. M. Trott. 
J,aunch No. 1... . . . . . . . . . . . . C. L. Green, First \Vatch Officer. 
Launch No. 2.. . . . . . . . . . . . . C. G. Quillian, Aid. 
Launch No. 3 ..... : ......... J.C. Landers, Aid. 
Launch No. 4.. . . . . . . . . . . . . . G. F. Rude, Deck Officer. 
I,aunch ~o . .'i. . . . . . . . . . . . . . . B. D. Barker, Aid. 
Launch ::\o. 6 ............... H. C. Graves, Nautical Expert. 

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

The ffydrographer was placed at the starting line, the Dais)' at the finish, and the 
launches along the course. The officers in charge of the boats all performed their 
duties in a most creditable manner, the course was kept clear, and there were no acci
dents. Captain Trott was especially active in enforcing the regulations and assisted in 
every possible way in making the patrol duty successful. 

The regatta closed at 7 o'clock and all officers were instructed to return to their 
respective duties. 

NoRTIJWEST Bou:\'DARY. 0. H. T1TT::11ANN. 

c. H. SINCI.,\IR, .rlssistant. 

On July r the work of re-marking the boundary line between the United States and 
Canada was in progress under the Department of State, with Messrs. 0. H. Tittmann, 
Superintendent Coast and Geodetic Sun-ey, and C. D. \Valcott, Director United States 
Geological Survey, as Commissioners representing the United States. Mr. \V. F. King, 
Chief Astronomer of the Canadian Department of Interior, represents the British Govern
ment on this Commission. 

The Commissioners had each assigned officers of their Bureaus to have charge of the 
work in the field, and Assistant C. H. Sinclair was detailed for this purpose from the 
Coast and Geodetic Sun-ey. Three parties continued the work under l\Ir. Sinclair's 

· direction, as follows: 
Assistant John Nelson, in charge of a triangulation party, began work on the east 

side of the Wigwam River, in Montana, in July, and extended the work toward Gate
way. A base line was measured on the railroad track south of Gateway with a steel 
tape laid along the top of the rail. From this base line the triangulation was extended 
to the mountains east of Gateway and the work was transferred to the west of the Purcell 
Range beyond the Kootenai River. By the end of October the work had been extended 
nearly to Porthill, at the west crossing of the Kootenai, an<l the party returned to occupy 
a station northwest of Gateway to strengthen the triangulation in this vicinity. Before 
the station could be cleared a prolonged storm early in November forced the suspension 
of the work, and the party was disbanded on November 20. 1'o the east of Porthill the 
work joined the triangulation of the United Stat~s Geological Snn·ey extending north 
from Spokane. 
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SU!lt:\IARY OF RI;Sl_;I,TS. 

74 miles of triangulation completed. 
592 square miles area covered. 

21 stations occupied. 

A line party in charge of :Mr. Reinert Hanssen was at work on the line between 
boundary monuments Nos. 7 and 8, a distance of 13 miles, at the beginning of the 
fiscal year. The line clearing was completed on September 5, a great deal of this time 
having been spent in building 18 miles of main and side trails, to make it possible to 
get the pack animals with supplies near the field of work. The party was then moved 
to the Yaak River and began work on September 16 on the line between boundary mon
uments Nos. 6 and i8, a distance of 24 miles. 

On September 18 Mr. F. A. Camp succeeded Mr. Hanssen as chief of the party, and 
continued in charge until the close of the season. The work of clearing the vista and 
of building trails continued whenever the conditions permitted until the first week in 
November, when the snow began to fall and continued to fall from day to day until it 
was 2 feet deep on the 18th, compelling the return of the party to Gateway, where it 
was disbanded on the 21st. 

SU::lll\IAR\' OF REsi:1:rs. 

24 miles of \'ista cleared. 
31 miles of trail built. 
11 miles of stadia line completed. 

A second line party under charge of Mr. E. R. Martin continued the work of 
running a trial line and building trails along the boundary between monuments Nos. 
r 1 and 13, a distance of 17 miles. This work was completed to the Yaak River, and the 
offset south of monument No. 13 \\'as determined. The proper offsets were then laid 
off on the different summits along the trial line and the boundary line was cleared. 
The vista clearing and stadia work were completed in the latter part of October and the 
party was then moved to the line between monuments Nos. 16 and 18, but after a few 
days' work was forced by the November snow storm to close work for the season and 
was disbanded at Yaak Siding on November 17. 

SIJ::IHIARV OF RESUI,TS. 

18 miles of dsta cleared. 
31 mifes of trail built. 
20 miles of stadia line completed. 

Twenty-one miles of trail -\vere built by Messrs. Sinclair and Nelson in addition to 
the mileage stated above. 

Magnetic observations were by Mr. A. E. Franklin in October and November, 
under Mr. Sinclair's direction, at Gateway, on the east side of the Flathead River in 
line between monuments Nos. 4 and 5, at monument No. 8, near Phillips, and at monu
ment No. r 1, 4 miles east of Gateway. 

All field work for the season closed on November 28. 
Field work was resumed on the Northwest Boundary early in May. Mr. Sinclair 

left Washington on May 5, accompanied by John Nelson, Assistant, and A. M. Miller, 
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transitman, and proceeded to Kalispeel, Mont., where the parties were organized and 
arrangements for the work were completed. 

Mr. Nelson began the work of reconnaissance on May 17 in the vicinity of Laurier, 
Wash., and extended it to Midway, British Columbia. Signals were erected at the 
stations covering a distance of 30 miles, and the triangulation was completed for a 
distance of 20 miles. A base line was m·easured on the railroad track south of Grand 
Forks. Mr. Nelson was assisted in this work by Mr. E. R. Martin, who made nearly 
all of the observations at the triangulation stations. Before joining Mr. Nelson on 
May 25 Mr. Martin traced the line between monuments 10 and 1 r, a distance of 3.6 
miles. and located the positions for two intermediate monuments. He also extended a 
stadia line from monument 11, 3 miles toward monument 13, and then joined Mr. 
Nelson's party. Mr. F. A. Camp, transitman, traced the line between monuments 8 
and 9 and located the position of three intermediate monuments. He also located the 
position for an intermediate monument 1 mile east of monument 8 and then com
pleted the stadia line between monuments 1 r and r 3 as far as Purcell summit, in spite 
of the deep snow. The lines leading from Kootenai Mountain were cleared and the 
observations were made at this station and at several other stations near Gateway which 
were necessary to connect Kootenai Mountain with the triangulation along the boµndary. 
The trails between monuments 7 and 8 were then cleared and the work of verifying the 
line between these monuments was in progress at the end of the fiscal year. 

ALASKA BOUNDARY. 0. H. TITT:.IANN. 

W. C. HODGKINS. 

My detail and that of Assistant Hodgkins to the State Department for duty in con
nection with the preparation and presentation of the United States case before the Alaska 
Boundary Tribunal at such times as our services were required, referred to in the previ
ous Annual Report, were continued after July r by the Secretary of Commerce and · 
Labor. 

The preparations were made in Washington under the direction of Gen. John V.7. 
Foster, Agent of the United States, and we proceeded to London, England, and 
reported to General Foster in the latter part of August. We remained in London 
during the sessions of the tribunal, September 1 to October 24, and Ot)r service in con
nection with the tribunal terminated on the latter date. 

On February r 1, 1904, at the request of the Secretary of State, I was designated 
as Commissioner to represent the United States on the Delimitation Commission to trace 
and mark the boundary between Alaska and Canada as laid down in the award of the 
Alaska Boundary Tribunal at London in 1904. Mr. V/. F. King, Chief Astronomer of 
the Canadian Department of the Interior, was appointed Commissioner to represent the 
British Government on this Commission. The Commissioners were further empowered 
by their respective Governments to make recommendations in regard to the marking of 
the whole line, and the actual work in the field was begun by officers appointed by the 
Commissioners for this purpose. 

On May 4 Assistant Fremont Morse was assigned to the charge of one of the United 
States parties, to cooperate with a similar party representing the British Commissioner 
on the Alaskan boundary work in the field between Mount Whipple and Castle Peak. 
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He made the necessary preparations in San Francisco and Seattle, and sailed for Alaska 
from the latter place on "June 12, accompanied by L. Netland and Adolf Mosheim, 
Surveyors, and a party of 12 men. 

The Canadian party, under direction of Mr. White-Fraser, was found at Wrangell, 
and on the 16th both parties proceeded to the working ground on the Stikine River. 
The preliminary work to be done was divided ·by mutual agreement, and progress was 
made whenever the favorable weather conditions permitted. It was found to be 
impracticable to climb the mountains from the lower camp in time to do any work and 
return the same day, and consequently a light camp was established ab~ut 2 500 feet 
above the river, near the timber and snow line, and the remainder of the month was 
spent in opening a trail and packing outfit and provisions to this upper camp. The 
work was in progress at the close of the fiscal year. 

Early in May Mr. J. A. Flemer, formerly an Assistant in the Coast and Geodetic 
Survey, was engaged as surveyor to the Commissioner and assigned to the charge of 
one of the United States parties, to be engaged in locating and marking the boundary 
at the headwaters of the Chilkat River. He made preparations in Washington, and 
on May 16 proceeded to Seattle, Wash., where he had a consultation with Mr. C. A. 
Bigger1 Engineer to the British Commissioner. At Seattle Mr. Flemer completed his 
preparations, and on May 31 sailed for Haines, Alaska, accompanied by Messrs. J. M. 
Donn, Edmund Polk, and D. W. Eaton, Surveyors, and the necessary party employees. 
The party reached Haines on June 8 and went into camp at a point near the provisional 
boundary at the junction of the Tlehini and Chilkat rivers. Stations were selected and 
signals erected for the purpose of extending triangulation up these rivers to the peaks 
defining the boundary in this locality. Observations began on the 28th, and the work 
was in progress on June 30. 

The cooperating Canadian party under direction of Mr. Bigger was at Pleasant 
Camp in this vicinity, and the peaks defining the boundary were identified by the joint 
action of chiefs of the two parties as the representatives of the Commissioners. 

INTERNATIONAL GEODETIC ASSOCIATION. 0. H. TITT:IIANN. 

The duty of representing the United States, as delegate to the Fourteenth General 
Conference of the International Geodetic Association, at Copenhagen, Denmark, was 
performed by me. I reached Copenhagen on August 3, and the opening session of the 
Conference was held the next day. 

I attended all the sessions of the Conference, covering the period from August 4 to 
13, and presented a printed report on the geodetic operations of the United States, 1900-
1903. The proceedings of the Conference have been printed at Leyden, under the title, 
"Comptes Rendus des Seances de la Quatorzieme Conference General de l' Association 
Geodesique Internationale, reunie a Copenhague du 4 aux l 3 Aout, 1903.'' 

I desire to make special acknowledgment of the many courtesies extended to me 
as the delegate of the United States by the Director in charge of Geodetic Operations 
in Denmark and his officers, as well as by the Ministers of War and State. 
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LOUISIANA PURCHASE EXPOSITION. D. B. WAINWRIGHT. 

The preparation and installation of the exhibit of the Coast and Geodetic Survey 
for the _Louisiana Purchase Exposition was assigned to Assistant Wainwright. All the 
preliminary preparations were made at the Office in Washington at intervals when he 
was not engaged on other duty, and on April 9 he proceeded to St. Louis and installed 
the exhibit. After May 1 he remained in charge until the close of the fiscal year. 

PATROL DuTv. D. B. WAINWRIGHT. 

By direction of the Secretary of Commerce and Labor officers were detailed to 
patrol the course of the Middle States Regatta Association on the Potomac River at 
Washington on September 7, 1903. Assistant Wainwright was placed in charge of 
this work, and was authorized by the Secretary to enforce the regulations of the Depart
ment adopted for the prevention of accidents. The steamer Endeavor and launch No. 
515 were assigned to duty under Mr. Wainwright's direction. Assistant F. A. Young, 
commanding the Endeavor, and R. McD. Moser, \Vatch Officer, and B. D. Barker, Aid, 
officers of the Endeavor, were placed in charge of two rowboats and the launch for 
patrol duty, and the police patrol boat Vigilant also cooperated in the work in a most 
effective manner. Mr. Wainwright was on board the Vigilant during the time when 
the· patrol work was most troublesome, and reports his appreciation of the courtesy 
extended to him by the superintendent of police and by the harbor master, who were 
on board. 

The patrol duty was performed to the satisfaction of all concerned. 

CABLE TO ALASKA. F. WESTDAHL. 

In response to a request from the Chief Signal Officer, United States Army, for an 
officer of the Survey to be detailed to accompany the cable ship Burnside while laying 
the military cable in Alaska, Assistant \Vestdahl was assigned to this duty. He pr<?
ceeded to Sitka, Alaska, and on July 6 reported to the signal officer in charge of the 
Burnside upon the arrival of the ship at Sitka. He remained on the ship until Decem
ber 31, and during this period aided in every way in his power in facilitating the work 
of laying the cable. His services were especially valuable in consequence of his local 
knowledge of Alaskan waters, acqt~ired while in command of one of the surveying 
vessels of the Survey engaged in charting these waters. 
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DETAILS OF OFFICE OPERATIONS. 

OFFICE OF THE ASSIST ANT IN CHARGE. 

ANDREW BRAID, Assistant in Cliarge. 

The Assistant in Charge of the Office has direct supervision of the work of the 
different divisions of the Office. 

The following persons were employed under his immediate direction: 

Occupation. 

--·· -- ·---· --------------

George A. Fairfield ......... Clerk; July 1 to July 17. 
A. B. Simons . : . . . . . . . . . . . . . Clerk. 
E .. B. Wills . . . . . . . . ........ j Do. 
Miss Kate Lawn . . . . . . . . . . . . Do. 
John S. Collins ............. Stenographer and typewriter. 
David Parker ............... / \Vatchman. 
John\\'. Drum............... Do. 
J. A. McDowell ............ ·I Do. 
\V. R. McLane ............... Messenger. 
Attrell Richardson .......... : Do. 
William B. Little ........... ! Do. 
John W. Hunter ....... _ .... , Do. 
Horace Dyer ........... _ .... i Fireman. 
C.H. Strother .............. : Laborer. 
Ransom Smart .............. : Do. 
William S. Pugh. . . . . . . . . . . . Do. 
Miss Virginia McGlincey .... i Do. 
J. W. Brown ............... ·I Do. 
John H. Neal................. Do. 
\Villiam F. Evans ........... · Extra laborer. 
Josephine Reed . . . . . . . . .... ; Do. 

I 
·-·-· ·-·----- . ·-·. -·- .. ---- .. ------ ---· - ---·---... 

The Miscellaneous Section is a part of the immediate Office of the Assistant in 
Charge, and the manifold and arduous duties pertaining to it were perfonned by Messrs. 
H. C. Allen and C. W. Jones. The details of the work in this section are given under 
the heading ''Miscellaneous Section'' in this Appendix. The duties of the other 
members of the personnel mentioned above were of the usual routine character. Mr. 
George A. Fairfield died on July 17, 1903. A biographical notice of this officer is given 
under the head of Necrology. 

The following extracts are taken from the report of the Assistant in Charge: 

I have the honor to submit the Annual Report of the Office for the fiscal year ended June 30, 1904, 
accompanied by the annual reports of the various divisions, namely: Computing Division, Division of 
Terrestrial Magnetism, Tidal Division, Drawing and Engraving Division, Chart Division, Instrument 
Division, Library and Archives Division, and Miscellaneous Section. 

159 
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The Computing Division continued under the charge of Assistant J. F. Hayford, whose report 
gives in considerable detail a statement of the work accomplished during the year. The force of the 
Division, as heretofore, has been augmented from time to time a..<> opportunity offered by the tem
porary detail of Assistants and Aids, and Deck Officers who were available between the field seasons. 

Among the special works accomplished during the year the following may be mentioned: 
I. The computation of the primary triangulation along the ninety-eighth meridian has made 

considerable progress. 
2. The computation of precise leveling work has been kept up to date, or nearly so, continuously. 
3. The reduction of the triangulation of California to the United States Standard Datum has made 

excellen~ progress, and is now nearly completed from the Mexican bOlmdary to about latitude 37° in 
the vicinity of Monterey Bay.' These computations were begun in August, 1902, and at the end of the 
last fiscal year were completed as far north as Point Conception. 

4. The computations connected with the new computation of the form of the geoid have pro
gressed steadily during the year. The revision of the general fornml~ for the treatment of very large 
areas has been a slow process, but is now nearly completed. The topographic corrections to observed 
deflections of the vertical to take account of the topography for a' radius of more than 4 ooo kilometers 
around each station has been c0111p1eted for about 180 astronomic stations. About 300 additional 
stations are now available for similar treatment. 

5. The computations of determinations of gravity at the surface and at stations r 200 to 4 600 feet, 
respectively, below the surface at the North Tamarack mine near Columbia, Mich., has been completed 
and a special report relative thereto has been llrcpared. 

6. The computation of the tests made in March, April, and l\Iay of the transit micrometer fittecl 
on one of our portable transits, and proposed to be used in telegraphic longitude work hereafter, have 
been completed and a report relatiYe thereto submitted to the Superintenuent. 

'fhe routine work of the Divi~iou has received, as usual, prompt attention. The demands upon 
the Division in this respect have been \'ery great, both for the field parties of the Survey and for out
side persons desiring special information, particularly in reganl to geographic positions and descrip
tions of stations. 

During the ye11r the manuscript for two appendices entitled, respectively, "Precise Leveling in 
the Cnited States, !90<>-1903" and "Triangulation Southward along the Ninety-eighth !\Ieridian in 
1902" were completed and the proofs read in cooperation with the Bditor. The proof of "Report of 
Geodetic Operations in the l'nitecl States," which was presented to the International Geodetic Associa
tion, was also rear!. 

Mr. Hayford commends highly the skill and efficiency of the various computers under his charge. 
'fhe Division of Terrestrial Magnetism continued under the charge of Assist.ant L. A. Hauer, who, 

a..~ Inspector of Magnetic \\.ork, is also charged with the supervision of the field parties engaged on 
magnetic work. 

Much of his time while at the Office was necessarily occupied with his duties in the latter capacity, 
involving the planning of .fiel<l work, p

0

reparatiou of estimates and instrnctions, testing instruments, 
and the preparation of the necessary reports, etc. The Cheltenham Observatory required his presence 
for one or two days each month. l\lr. D. L. Hawrd acted as chief of' the Division during l\lr. Bauer's 
absence, and had immediate charge of the Office computations throughout the year. 

'The routine work, correspondence, and the furnishing of magnetic i11fon11ation in response to 
numerous demands have recei,·ed prompt attention. 

The revision of the field magnetic computations has been kept nearly up to date; progress has also 
been made in the tabulation of the absolute observations at the various magnetic observatories; the 
results of the magnetic obsen·ations for the previous year were completed and submitted for publica
tion in the Annual Report for 1903; the magnetic observations of the Bahama Expedition of the Balti
more Geographic Society were discussed and a report thereon submitted; a report was made on the 
magnetic survey of T,ouisiana, carried on under the joint auspices of the Coast. and Geodetic .Survey 
and the State Geological Survey; good progress was made in the tabulation of resull~ at repeat stations, 
for t1se in future secular change discussions; and a discussion was made of magnetic observations at 
sea, etc. 
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Observations for standardizing various instruments were made as occasion required, and 11ewly 
appointed magnetic observers received necessary instructions in the use of instrumenl~.and methods of 
computing results. 

The Tidal Division continued, as heretofore, under the charge of Mr. L. P. Shidy, whose report 
gi\·es the usual detailed information in regard to the work accomplished during the year, the tidal 
obsen·ations and data received from the field parties and from outside sources, and the information 
and data furnished to field parties and the public. Mr. R. A. Harris has continued the study of tidal 
phenomena, and has prepared an appendix on the subject of cotidal lines for the Superintendent's 
Annual Report, illustrated by cotidal maps for the world. 

The Drawing and Engraving Division, continued under the charge of Assistant W. W. Duffield, 
whose report shows in detail the work accomplished by each of the five sections of the Division and 
gives other statistical infonnation. 

In the Engraving Section, 8 copper plates were completed, 5 were begun, and 20 remain unfinished; 
19 copper plates were completed for new editions, 22 were begun and 17 others remain unfinished; also 
4 heliogravure plates were completed ready for electrotyping, and 663 plates had corrections of more or 
less magnitude applied. 

In the Drawing Section, under the immediate direction of Mr. E. H. Fowler until March 11 and 
subsequently under Mr. George L. Flower, the usual amount of work has been accomplished during 
the year. 

Fourteen drawings have been completed for photolithographing or engraving and 10 others are 
in progress. In addition to the above 658 charts were revised, corrected, and \'erified for new editions 
or new prints. This number, however, in some cases includes the second and thin! revisions of the 
same chart. Fourteen topographic and 40 hydrographic projections for use of the Office or field parties 
and 13 projections were made on copper plates. Two hundred ancl ninety-one topographic aml 
hydrographic sheets were inked, lettered, plotted, re\"ised, and made ready for the approval of the 
Office. 

A large number of illustrations for the Annual Report were prepared, and miscellaneous work of 
\·arious kinds has received due attention. A large commercial map of the world prepared for the use 
of the honorable Secretary of Commerce and J.,abor, and a bromide copy of the same for the use of the 
President, were completed. 

Considerable work in connection with the Alaskan boundary maps has also been done and the 
increasing work necessary for keeping up the Philippine charts, which in number are increasing 
rapidly, has added much detail work to the section. 

The Drawing Section suffered a heavy loss by the death of two of its chief members, Mr. Edwin 
H. Fowler and Mr. Adolph Lindenkohl, the former on the 11th of March and the latter on June 22. 

In the Printing Section, under the immediate direction of Mr. D. N. Hoover, the usual large 
amount of work has been accomplished, over 79 ooo impressions having been printed from copper 
plate and 14 500 from stone. The new lithographic plant was not in operation until the second half 
of the fiscal year and some difficulty was experienced in having the proper adjustment made of the 
electric motive power, but it is now working very satisfactorily. 

Sixteen new charts, 8 new editions of charts, and 13 new prints have been issued, a total of 37 
charts, the editions averaging from 300 to 6oo copies. The work done compares favorably with any 
we have had performed by contract. The contract work during the year amounted to 53 charts, of 
which 8 were new charts, 8 new editions of charts, and 37 were new prints. 

In the Photograph Section a large amount of work was done and it was found necessary to detail 
an assistant to the photographer on account of the increasing demands upon the section. Mr. C. F. 
Tllacklidge has been in immediate charge of the photograph section, as heretofore. 

The Chart Division, composed of the Chart and Hydrographic sections, continued under the 
charge of Assistant Gershom Bradford, Inspector of Charts. 

In the Chart Section, under the immediate direction of Miss L. A. Mapes, the work of coloring 
lights and buoys, the application of hand corrections to charts, from recent information, the general 
issue of charts, etc., to the public and to the Navy and other Departments, received due attention, as did 
also the voluminous correspondence relating thereto, and the keeping of the accounts of 190 chart 
agencies. The sales of charts during the year ha\·e been !,'Teater than for any previous year. 

10277--04--11 
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In the Hydrographic Sectioi1 duties in connection with the preparation of the monthly Notice 
to Mariners, the verification of original hydrographic sheets and of charts and drawings, and the 
indicating of chart correctirms have been promptly ancl efficiently performed. 

Mr. Bradford has also prepared proof for a new edition of the Chart Catalogue, and during the 
absence of the Inspector of Hydrography and Topography, April Ir to June 20, performed the <luties 
of that office. 

The Instrument Division continued under the charge of Mr. E. G. Fischer, except during his 
absence in Europe, from July 1 to September 16, when he was relieved by Assistants \\'illiam Eimbeck 
and J. B. Baylor, the former serving from July 1 to September 4, am! the latter from September 5 to 
September 16. 

The usual amount of work has been accomplished during the year, consisting of repairs of instru
ments, the construction of such new instruments as are not obtainable 011 the market, the issue of 
instruments, camp outfit, and general property to field parties, the keeping of the accounts relative to 
issue and receipt of instruments and general property and the miscellaneous correspondence rclativ£ 
thereto, etc. 

:\Ir. Fischer's report gives in complete detail the work of each class accomplished rluring the year, 
Among the special items mentioned in his report arc the construction of two vertical collimators, the 
remodeling of an electric tide indicator and an astronomical transit, the progress made in the construc
tion of the new tillc-predicting machine, the further use of aluminum alloys to obtain greater lightness 
in portable instruments, and the efforts and experiments made to secure the most suitable aluminum 
alloy for this purpose. 

The preparation and shipment of the Coast and Geodetic 8un·ey contribution to the 8t. J,ouis 
Hxposition added largely to the regular labors of the Division. 

'l'hc Library and Archi\·cs Division remained nominally under the charge of i\Ir. E. L. Burchard, 
who was actually engaged in the work of organizing the I.ibrary of the Department of Commerce and 
Labor, having been detailed for that purpose until December 30, when he resigned to accept a position 
in the Library of Congress. Since that date, and pending the appointment of a Librarian, Assistant 
\Villiam Eitnbcck has perfonned the duties of Chief of the Di,·ision and has prepare<! am! submitted 
its annual report. 

This report gives the usual statistical information in regard to the acquisition of books, maps, 
periodicals, and charts, donated, purchased, or rccei\·ed in exchange, and the original topographic 
and hydrographic sheets and field records of every description receive<! from field parties. 

The .::\Iiscellaneous Section, under the illlmediate direction of l\Ir. H. C. Allen, has, as heretofore, 
attended to the ordering and distribution of supplies requirc<l for the Office, the keeping of the 
accounts relating thereto, the making of requisitions for printing and binding, the issue of stationery 
to field parties and office divisions, the custody and general domestic and foreign distribution of 
publications of the Survey (other than charts), an<! the kcepi11g of the records relating thereto. The 
report is submitte<l in the usual statisticai form. He was assiste<l by i\Ir. C. \V. Jones. 

The preparation of the Coast and Geodetic Survey exhibit for the 8t. I,ouis Exposition has 
already been mentioned umler the head of I11strulllent Division, but it may be stater! here that other 
divisions also co11trihutcd to the general results. The heaviest demands were, 110we\·er, made upon 
the Instrume11t Divisio11 ancl the Drawing ancl Engravi11g Division, hoth of which were also required 
to detail metnbers of their force to assist in the installation or to aid in the running of the exhibit. 
The details made up to the close of the fiscal year were as follows: D. N. HoO\·cr, April 26 to :\lay 18; 
G. \V. Clarvoe, April 11 to May 14; C. J. Harlow and E. :\I. Kline, each from April 21 to June 30. 
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Computing Dh;ision. 

Nan1c. 

J. F. Hayford ............... i 
A. I.,. Baldwin .............. . 
Miss S. Beall ................ i 
\V. H. Dennis .............. . 
l\1. H. Doolittle ............. : 
C. R. Duvall ............... . 
i\liss L. J. Harde ........... . 
H. C. Mitchell ............. . 

Personnel. 

Occupation. 

Chief of Division. 
Computer. 

Do. 
no. 
Do. 
Do. 
Do. 
l>o. 

-·---1 

R. M. Packard .............. 1 

Miss L. Pike ................ 'I 
Computer; Feb. 12 to June 30. 
Computer. 

J. H. Millsaps .............. . 
\V. S. Stackpole ............. ' 
F. A. Techtman ............ . 
J. V. S. Fisher ............. . 

I. 

\\"riter; July r to July 8. 
\\'riter; Sept. 14 to Dec. 11. 
\Vrit~r; Jan. r I to June 30. 
Computer (temporary). 

Tcmporari~l' detailed . 

F. D. Granger. 
John Nelson. 

J. B. ::\Iiller. 
B. I>. Barker. 
F. T. I.,awton. 
n. C. Ullis. 
II. :\I. Trueblooc.l. 
\V. T. Carpenter. 
F. H. Sewall. 
T. T. Fitch. 
C. E. l\Iorforc.l. 
G. C. Baldwin. 

R. :\icD. :\Ioscr. 
]. \\'.Yates. 
X. Heck. 

.Assistants. 

Aids. 

Dt•<'k O.fficcrs. 

C. \V. Ferguson. 
W. I-I. Burger. 

D. R. Jewell. 
E. ::'llueller. 
R. I,. Libby. 
E. H. Pagenhart. 
J. \\'. Maupin. 
\\'. :\. Kemper. 
J,. ]. Arbuckle. 
G. T. Thompson. 
\\'. (~. Emory. 
\\'. R. Johnson. 

]. H. \Voo<I. 
P. A. Staples. 

The work of furnishing information to the field parties of the Stir\·ey and to 
persons outside the Survey occupied ahout 1 o per cent of the time of the reg-itlar force 
of the Division. 

The mam1script of Appendix Xo. :;. Report for r903, "Precise Leveling in the 
United States, 1900-1903" (623 pp.), and of Appendix Xo. 4, Report for 1903, "Tri
angulation Southward along the Xinety-eighth Meridian in 1902 '' ( l 20 pp.), \\'as 
completed and the proof was read. -

The computation of the precise le\·eling work was kept np to date and the results 
were preparecl for publication. Considerable progress was made in computing the 
triangulation along the ninety-eighth meridian. The recompntation an<l reduction of 
the triangulation in California, from the southern boundary to Monterey Bay, to the 
United States Standard Datum was nearly completed and much of the resulting materia] 
was prepared for publication. The computations connected with a new im·estigation 
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of the fonn of the geoid made steady progress during the year. The reduction of the 
observations made to determine the force of gravity at the North Tamarack copper 
mine, near Calumet, Mich., at stations on the surface and at points 1 200 and 4 600 
feet below the surface was completed, and also the discussion of the tests made with a 
transit micrometer fitted to a portable instrument. 

Mr. A. L. Baldwin acted as Chief of the Division October 22 to 24, and Mr. Duvall 
July 17 to August 12. Mr. Baldwin was absent on special duty under the State 
Department in connection with the Alaskan boundary for about one month in July and 
August. 

A considerable number of the aids mentioned above were appointed during the 
year, and were assigned to the Division for instruction in the methods of making com
putations before being sent on field duty. In addition to the persons named in the 
personnel, various typewriters were assigned to the Division from time to time for short 
periods to assist in handling the routine work. 

The average effective force of the Division engaged in making computations during 
the year was 12, in addition to the chief, and varied from 8 in September to 15 in 
¥arch. 

In his report Mr. Hayford makes special. mention of the work of the members of 
the Division, as follows: 

l\Iuch of Mr. Baldwin's work required the use of rare good judgment and it was done in an 
excellent manner. 

Mr. Doolittle rendered very valuable sen·ice in solving the difficult theoretical questions encoun
tered in the revision of the formula! concerned in the detennination of the figure of the earth. 

Miss Pike had charge of the computations relating to precise levels, the preparation of manuscript 
for the printer, and the proof reading done in the Division. Her work was handled with rare and 
increasing skill. 

Miss Harvie assisted in revising the fundamental fonnulre involved in the detennination of the 
figure of the earth from astronomic observations scattered irregularly over a large area. She showed 
great ability and efficiency in verifying the theory involved and in the orignal investigations necessary 
to correct certain inaccuracies in the published theory and fonnulre, which have apparently been 
accepted heretofore without question. 

Mr. Mitchell spent much of his time in the computation of corrections to observed deflections of the 
vertical to take account of the known features of the topography within 4 ooo kilometers of each 
astronomic station. The rapid progress made in this work was due to his skill and good judgment. 
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Division ef Terrestrial i1Fagnetism. 

Pcrso1111el. 

Na1ne. 

j __ ------------ ~---
Occupation. 

I 
J,. A. Bauer ........ _ ....... ·I Chief of Division. 
D. L. Hazard ....... _ ....... ; Computer; absent Mar. 4 to May 27. 
C. J. Houston ............... ' Computer. 
Miss J.E. Haslup ........... 1 Writer. 

Temporarily detailed_ 

Jose Vano Reyes ............ , Aid; July I to June 30. 
L. B. Smith . . . . . . . . . . . . . . . . Ma~netic observer; July 1 to 3 and July 11 

to 16. 
R. E. Nyswander ... _ ...... _ :\lagnetic observer; July 9 to Aug. 29 and 

G. n. Pegram ............. . I Jan. 15 to Feb. 29. 
:\fagnetic observer; July 1 to 3. 

W. H. Keeling ............ . Magnetic observer; Aug. 1 to 5. 
J. B. Burbank ............ . Magnetic observer; Dec. 21 to Jan. 4 and 

Mar. 24 to J ttne 30. 
\V. M. Hill ........ _..... . . l\Iagnetic observer; Apr. II to June 6. 
P. H. Dike . . . . . . . . . . . . . . . . Magnetic observer; Mar. 15 to Apr. 9. 
J. W. Green .............. _ Magnetic observer; June 15 to 30. i 
S. G. Townshend, jr .... - ... :\lagnetic obsen·er; June 28 to 30. 1· 

T. L. Jenkins ............... Watch officer; Aug. 1 to Oct. 31. 

, __ 1': A. Staples ..... -~~--~-: ·_L~-~cl; o~t~-to N~~r-___________ I 

The revision of the field computation of the current magnetic determinations was 
kept as nearly as practicable up to date, and the results for the fiscal year are pub
lished as Appendix 3. Progress was made in the tabulation of the observations for 
absolute values at the magnetic observatories. The results from magnetic o!Jserva
tions, July 1, 1902, to June 30, 1903, were prepared for publication as an appendix to 
the Annual Report for 1903, and the proof of this appendix was read. The computation 
of the magnetic observations made by the Bahama expedition of the Baltimore Geograph
ical Society was completed and a discussion of the results was furnished to the society. 

A report was made on the magnetic survey of Louisiana, made in cooperation with 
the State Geological Survey. This involved a new discussion of the secular change of 
the magnetic declination in the State and in the adjoining States. The results were 
reduced to January I, 1904, and an isomagnetic chart for that date was prepared. 

The discussion of the record obtained at the Cheltenham Observatory with the 
Eschenhagen magnetograph for a month was made and it shows in a most satisfactory 
manner the characteristic features of the lunar diurnal variation of the declination and 
horizontal intensity. In connection with the discussion of the magnetic observations 
at sea on board the vessels of the Survey a summary of all available results of magnetic 
work at sea was prepared. Good progress was made in the work of tabulating results 
of observations at stations where the observations have been repeated from time to time 
for use in the discussion of the secular change. Observations were made as required 
to standardize various magnetic i.nstruments and the recent additions to the force of 
magnetic observers were instructed in the use of the instruments and in the methods 
of computing. Most of the men assigned to the Division for short periods required 
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instruction and consequently did not aid materially in advancing the progress of the 
regular work of the Division. 

In his report the Chief of the Division testifies to the faithfulness, industry, and 
devotion to duty shown by the members of the Division. 

The duties assigned to Assistant Bauer as Inspector of Magnetic Work occupied 
much of his time in the office and required his presence in the field from time to time 
for short periods. In his absence the duties of Chief of Division were performed by 
Mr. D. L. Hazard, Computer. 

Tidal Divisio11. 

f't'rSOJIJlt'f. 

--------------· 

Nantt..·. Occupation. 

I 
I,. P. Shidy ............... ·I Chief of Didsio11. 
R. A. Harris ................ ' Computer. 
Artemas Marli11 ............. i Do. 
:\-liss C. C. Barnum .......... f Do. 
Paul Schureman ............ i Do. 
\\'. D. Lamhert ............. · Computer; Mar. 5 to June 30. 
M. J. \\'au! . . . . . . . . . . . . . ... j Computer; July 1 lo 20. 

Miss A. G. Rc,·ille ......... .- Clerk. 
Miss E. \'. Campbell ........ I \\'riter. 
J,. A. Cole ................. ·! Do. 

Temporarily delaikd. 

1'. T. Fitch ................. . 
W. K. West ......... . 
G. F. Thompso11. . ......... . 
C. E. Forrest. ............... ~ 
B. \V. Payne .............. ·j 

Computer; Aug. 26 to Oct. 22. 
Computer; Oct. 23 to NO\·. 30. 
Computer; Dec. 9 to :\Iar. 4. 
\Vriter; Feh. 15 to "-lay 8. 
\\'ritcr; :\Iay 9 to J1111c 20. 

·-·-· ____ .. ___ _ 
Harmonic analyses were computed for 11 stations, with an aggregate length of 

2 years and 4 months. Nonharmunic reductions were made for 272 stations, with a 
total length of 58 years. 1'he plane of reference for reduction of soundings was 
determined for 57 stations. Tide notes were prepared for 370 stations upon 100 charts 
and 43 original hydrographic sheets. Tidal information was furnished to the field 
parties, and in response to requests from indi\·iduals not connected with the Survey in 
286 instances, involving the preparation of 451 descriptions of bench marks, tidal data 
for 705 stations, and current data for 86 stations. About 18 years of self-registering 
tide gauge records, from 37 stations, were tabulated as high and low waters, and also 
as hourly heights of the sea. There wen: receiYed, examined, and registered in this 
Division an aggregate of about 20 years of record from self-registering gauges at 38 
stations, together with about 7 years of record from box and staff gauges. Tidal 
records from outside sources were receiyecl as follows: 

( 1) The ~avy Department loaned to the Sun·ey about 4y; years of records from 
. self-registering tide gauges at 23 stations. and 1 y; years of staff obsen·ations at 20 

stations, or a total of about 6 years of record at .+3 stations. These stations were dis
tributed as follows: 18 in Cuba, 2 in Panama, 7 in :.fexico, 8 in the Philippines, 2 in 
China, and 1 each in Haiti, Porto Rico, Yenezuela, ~icarngna, :\Iidway Island, and 
Guam Island. 
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(2) About a year of self-registering gauge record has been received from Nassau, 
New Providence Island, Bahamas. The gauge and paper were furnished by the Survey, 
but the station was established and maintained by the Bahama Expedition of the Balti
more Gee graphical Society, under the direction of Mr. George B. Shattuck. 

( 3) From various publications received in the library the following tidal information 
has been obtained: About 5 f2 years of record at 64 European ports, 3 ,V;; years at 14 
Arctic stations, r year at Cape Horn, and nearly 2 years at 16 scattered stations, chiefly 
oceanic islands, making a total of about 1 2 years of record at 95 stations. 

Copies of the predicted tides for \Vellington and Port Russell, New Zealand, with 
tidal differences for So ports, were prepared and furnished in response to a request from 
the Secretary of the Marine Department of New Zealand. 

Cotidal maps of the world were constructed and are published in Appendix 5 to 
this report. 

The tide tables for the year 1905 were prepared for printing and the proof of the 
first So pages was read before June 30. A current diagram for Georges Bank, Gulf of 
l\Iaine, and twilight tables were added to the volume. 

In closing his report Mr. Shidy states his pleasure in testifying to the general 
industry, faithfulness, and efficiency of the members of the Didsion. 

Drau,iug aud Hngraz 1i11g- Dh·isiou. 

I ~'rSOll lld. 

Nnme. I ()ccupation. 

, .. ------- -----1------------
\ -. \\. Duffield ... _ ... _ . . . . . . Chief of Division. 
E. i\leacls . . . .... __ ......... j Clerk. 
Edwin !l. Fowler* ......... _ Chief draftsman; July I to Mar. 11. 
l;. !,. Flower .... _ ...... , . . . Acting chief draftsman; Mar. 12 to June 30. 
Harlow Bacon ............. ·i Draftsman. 
1'. B. Castles ................ 

1 
DrafL,man; i\lar. 29 to June 30. 

Chas. II. Deetz .............. · Draftsman. 
F. C. Donn ................. ' Do. 
E. I'. Ellis . . . . . . . . . . . . . . . . . . Do. 
P. Von Erichson . . . . . . . . . . . . Do. 
H. S. Gamhle ..... __ ........ Draftsman; Oct. 12 to June 30. 
C. 1\1. Hahn ............... __ Draftsman; July 1 to July 17. 
E. \\'.Hart ................. DrafL,man; Aug. 26 to Oct. 15. 
F. 1\1. Hart .................. Draftsman; July 2 to June 3u. 
D. l\I. Hildreth. . . . . . . . . . . . . . Draftsman. 
\V. H. Huntington __ .. _ ..... Draftsman; Dec. 22 to June 30. 
A. Lindenkohl"* ........... _. Draftsman; July I to June 22. 
IL J,imlenkohl. .. _ ....... _. Draftsman. 
J. W. l\lcGuire ... _ . _ . . . . . . . Do. 
S. B. :\faizc ... , . . . . . . . . . . . . Do. 
II. S. Ober................. DrafL,man; Oct. 26 to Dec. 20. 
H. L. Simons ........ _ .... _ !Jraftsman. 
E. J. Sommer . . . . . . . . . . . . . . Do. 
\V. H. Dads . . . . . . . . . . . . . . . Engra\'er. 
I-I. E. Franke . . . . . . . . . . . . . . . Do. 
R. 1-1. Fonl ...... _ . I>o. 
P. II. Geckles ... , . . . . . . . . . . . Do. 
F. Geoghegan .... _ . . . . . . . . . . Do. 
Geo. Hergesheimer . . . . . . . . . . Do. 
\V. H. Holmes . . . . . . . . Do. 

* Diccl. See Necrology. 
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Drawing and Engraz•iug Division-Continued. 

' Perso1111el-Continuecl. 

Xntne. 

----··-----
H. M. Knight .............. . 
\Vm. Mackenzie ............. 

1 

W. F. Peabody ............. . 
A. H. Sefton ............... . 
E. H.Sipe ................. . 
H. L. Thompson ........... . 
J. W. Thompson ............. . 
\V. A. Van Doren ........... . 
Theo. \Vasserbach . . ....... . 
F. ~· \Vurdemann ........... 

1

. 

D. N. Hoover .............. . 
C.M.Hahn ................ . 
F. Hahn .................. . 
E. F. Campbell ............. . 
R. J. Fondren .............. . 
Eberhard Fordan .......... . 
C. J. Harlow ............... . 
C. J. Locraft ............... . 
R. V. H.Jama ............... 

1 W.W. Kirby ................ , 
E. M. Kline ................. I 
W. B. Mehler ............... \ 
E. R. Tiller ................. . 
V. E. Torne.y ............... ·) 
C. F. Blackhdge ........ , ... ·! 

L. P. Keyser.: .............. ; 
F. G. Robinette ............. 1 

H. Thomas ................. · 
Roy Thomas .............. . 
W. B. J.,ittle ................ . 
George Newman ........... . 
J.M. Brown ................ . 
C. W. Hawkins ............. . 
H. Murray ................. . 
Frank 'fhomas ............. . 
\V. Hammer ............... . 
J.M. Kline, jr .............. · 1 

Temporarily ddailed. I 

Engran~r. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Ilo. 
Do. 
Do. 

Occupatio11. 

Foreman of printing. 
Lithographer; July 18 to Juue 30. 
Lithographer; Aug. 31 to June 30. 
Plate printer. 

Do. 
Do. 
Do. 
Do. 

Printer's helper. 
Do. 

Do. 
Printer's helper; July 1 to Jan. 30 
Printer's helper; No\'. 9 to June 30 
Printer's helper 
Photographer and electrotyper 
Assistant photographer 
Assistant electrotyper; July 20 to June 30 
Assistant electrotyper; :i\far. 9 to Apr. 25 
Assistant electrotyper; July I to Feb. 17 
Messenger; Aug. 10 to June 30 
Messenger 
J,aborer; July 1 to )1ar. 28 
J,aborer; absent No\·. 30 to Mar. 28 
Laborer 

Do. 
Extra laborer; Aug. 17 to June 30 
Extra laborer; )fay 21 to June 30 

J.B. Boutelle ................ 

1

1 A~sistant; June 6 to June 10 
J.C. Landers ................ Aid; June 20 to June 30 

I 

The Division is divided into five sections-the Drawing, the Engraving, the 
Printing, the Photographing, and the Electrotyping sections. Each section executes 
the work indicated by its title, and the combined result is shown by the charts published 
and issued by the Survey. 

During the year 353 requests for information were received and answered in the 
Division. These involved the measurement of areas and shore line and distances 
between various points, the preparation of tracings from original topographic and 
hydrographic sheets, copies of old and canceled charts, and the construction of special 
maps. 
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1Jrmvi11g Section. 

During the year the following drawings were completed for photolithographing or 
engraving: 

·--·-- ---- ---·· ---··--·-··----- ·--- ··---· --------
! Chart : 
i :-:o. I 

Title. 

... ----1- ·----------···-·--·-·--··---
( *) I Chilkat River Valley ............................................ . 
( t) I Lake Borgne and Mississippi Sound ............................... . 
193 J.,akes Pontchartrain and Maurcpas ............................. : .. 
251 Buuar<ls Bay, Mass ............................................ . 

41o8 I Hanapepe Bay, Hawaii..................... . ................... · 
5533 I Sa~1 Pablo.Bay, Cal.·:......... . . . . . . . . . . . . . . . . . . . . . . . . ....... . 
6o23 Smslaw River, Oreg ............................................. . 
6112 Tillamook Bay, Oreg ............................................. . 
8304 Icy Strait an<l Cross Sound ....................................... . 
8513 Controller Bay, Alaska ........................................... . 
8520 Prince \Villiam Sound ........................................... . 
8841 Sannak Islands ancl lkatan Peninsula ............................. . 
9192 Harbor and anchorages in southwestern Alaska .................... . 

-----------------·-···--·-···-··-·----· 

Sen le. 

1-So ()()() 

I-So 000 
I-So 000 
I-20 ()()() 

1-5 ()()() 
1-40 ()()() 
!-Io 000 
1-20 ()()() 
I-So 000 

I - I 00 000 
I-So 000 

Varying. 
Varying. 

·*Prepared for State Department. t Prepared for the States of Louisiana and Mississippi. 

In addition to the foregoing, 658 charts were revised (inclnding second and third 
editions of the same chart), corrected, and verified for new editions or new prints. 
Fourteen projections for topographic sheets and 44 hydrographic sheets were constructed 
for the use of field part!es or the Office. Two hundred and ninety-one topographic and 
hydrographic sheets were inked, plotted, revised, or made ready for the approval of the 
Office. The illustrations required for the Annual Report of the Superintendent for the 
year r 903 were completed and the usual number for the Report for r 904 were prepared. 

A very large commercial map of the world (colored) was prepared for the use of the 
Secretary of Commerce and Labor, and a smaller one was completed for the use of the 
President. 

A large amount of work was done for the Department of State in preparing maps 
relating to the Alaska bouudary for publication. 

The work in the Drawing Section continued under the immediate direction of Mr. 
E. H. Fowler, Chief Draftsman, until March 1 I, 1904, when he died. (See" Necrology" 
for biographical notice.) On March 12, Assistant G. L. Flower was assigned to duty 
as Acting Chief Draftsman, and as such performed the duties of that position during the 
remainder of the year. 

On June 22, 1904, the senior draftsman, Mr. Adolph Lindenkohl, died. (See 
'' Necrology '' for biographical notice.) 

The Chief of the Division in his report commends the efficient service rendered by 
all the members of the section. 
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E11gravi11.tf Section. 

The following original plates were completed: 

)_ C~~:~ '________ Tille. _/ ___ scale_-___ , 

! 47rn Tortugas Harbor and Approaches ....... _ .......................... i 1-40 ooo 

I 908 San Juan Harbor ................................................. : 1-Jo ooo 
916 Port .!Hulas and Approaches . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. r-10 ooo 
920 Porto Rico. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :Mercator. 
922 Ensenada Honda.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l-10 ooo 

927 i Ponce Harbor. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r-10 ooo 
928 Guayanilla Harbor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-20 ooo 
929 Guanica Harbor. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-10 txx> 

The follo\\'ing plates \\'ere .corrected for new editions of charts: 

Chart 
-:-:o. 

I 13 
170 

171 
Jjj 
183 

246 
250 
273 
337 
343 
376 
436 
469 
477 
542 
913 

58oo 
6140 
6145 

'fitk. 

Cuttyhunk to Block Island ........................... . 
Key \Vest to Rebecca Shoals ................................ . 
Rebecca Shoals to l>ry Tortugas ......................... . 
'fampa Bay ............................................... . 
Apalachicola Bay to Cape San Blas ............. . 
Boston Harbor .......................................... . 

1 Eastern Entrance to '.':antncket Souml ...................... . 
Throgs Neck to Randall Island ................................... . 
Boston Harbor .................................................. . 
'.':antucket Harbor... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. _ ... . 
Delaware and Chesapeake hays....... . . . . . . . . . . . . . . . . . . . . . . .. . 

' St. Helena Sound ................. - · .. - . · · · · . · · · · · · · · · · · · · · · · · · · · 
Kev \\'est Harhor . . . . . . . . . . . . . . . . . . . . . . . ............ . 
Entrance to Tampa Bav.. . . . . . . . . . . . . . .................. . 

1 
St. Simon Sound. Bnuiswick Harbor, an cl Turtle River .... . 

i Great Harbor, Culebra Island . . . . . . . . . . . . . . . . . . . . . . . . . . . . _ ...... . 
Cape l\len<locino lo Point St. Gl•oq!;e .............. _ .......... . 
Columbia Ri\'l~r. entra11C'l' to l'ppcr Astoria ........................ . 
Columliia Rin,r, Fales Lamling to J>ortlan<l ....................... . 

The following- ne\\' hassos were completed: 

Chart 
:-;o. Title. 

--------------·-··----- ·-· - ·------ ·-· 

Seguin Islaud to Kennebunkport.... . . . . . . . . . . . . . . . . . . ........... ' 
Hillsboro Iulet to Fowcy Rocks .................................. ·! 
l\Iissississi River, Passes to Grand Prairie .................. . 

l i Ga \'cston Bay ........... · ... · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 1 
Mount Desert Islam!. . . . . . . . .............. ._ ............. . 
\\.est l'cnohscot Bay ................................... -.......... 1 

I 

Senk. 

1-80 000 

1-80 000 
r-80 ooo 
1-80 oou 
l-80 000 

l-20 000 

r-40 ocX> 
I-Io uoo 
1-4u ooo 
l-10 ouo 

1-4cxJ O<.XJ 

l-4u lXlO 

l-50 OOll 

1-20 000 
1-20 000 

1-6 500 
1-2()() 000 

1-40 ()()() 
1-40 000 

1-&) ()()() 

1-80 lXX> 

1-8o 000 
I-8u 000 

1-40 000 

1-40 000 
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Rccapitulatio11. 

Recapitulation of the work done in the Engraving Section. 

Original plates commence<! ............................ . 
Orig-inal plates completed ........................... . 
Original plates unfinished ......................... . 
New editions commenced... . . . . . . . . . . . . ................ . 
New editions completed ............................ . 
Kew e<litions unfinished ................................... . 
New bassos commenced . . . . ................................ . 

Nutnbcr. 

5 
8 

20 

22 

19 
17 

II 

New bassos completed.... . . . . . . . . . . . . . .................................... . 6 
5 

663 
New bassos unfinished .................................................... . 
Plates corrected for printing ......................... . 

l'ri11ti11g .'>t.·dio11. 

Impressions made for the Chart Section (plates) ........................... . 
Impressions made for the Chart Section (stones) . . . . . . . . . . . . . ............. . 
Impressions made for the Office from stones ............................... . 
I111prcssions made for proofs from plate.: . . ............................... . 
Impressions made for proofs from stones. . . . . . . . . . . . . . . . . . . . . ........ . 
I111prcssions made for standards from plates ............................... . 
Impressions made for transfers, lithograph (plates) ........................ . 
Impressions made for transfers, lithograph ( stoi:cs) ....................... . 
I111prcssions made for transfers, Drawin!{ Section (plates) .................. . 
Impressions made for transfers, Drawing Section (~tones) .................. . 
Impressions made on bond from plates ................................... . 
Impressions made on bond from stones ................................... . 

Nun1her. 

73 077 -
II 997-

I 198 

4 439 
I 743 

15r 

273 
26 

121 

39 
I 217-

221 -

Kum her of impressions (plate) .......... ; ................................. 79 278 
N um bcr of impressions (stones) ............. ·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 524 

1'otal number of impressions ........................................ 93 802 
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Of the charts printed for the Chart Section, 1 355, namely, Nos. 369, 380 and 381, 
required two impressions, and 717 District of Columbia charts required four impressions, 
lea\·ing 69 571 charts cle!i,·ered to the Chart Section. 

In addition to the number of charts printed from plate:; in the Printing Section, the 
following haYe been published by photolithography and sent to the Chart Section for 
distribution: 
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New charts. 

---·-1-----------------

Chart ! 
No. j Title. Scale. 

__________ j_ --- -

1 Alaska Roundarv Award .......................................... : 1-1 200 ooo 
i Chilcat Rh-er Valley ............................................. 1 1-8o ooo 
..... do ............. _ ............................................. ! 1-So ooo 
International :Metric System ..................................... ·I· ............... I 
Head of Buzzards Bay, Mass ..................................... ·I 1-20 ooo i 251 

901 
9'4 

41o8 
4241 
4344 
4426 
4450 
4451 
4454 
4718 
5531 
6o23 
6112 
6443 
8105 
8304 
8513 
8841 
9192 
9382 

\\'est Coast of Porto Rico ....... _ ............... _ ................ ·I 1-100 ooo 
Culebra Island and Ai;>_proaches ..... -........................... _ ... ; r-20 ooo 
Hanapepe Bay, Hawa11 .......................................... · 1 r-5 ooo 
Albay (,ulf and Lagonoy Gulf..................................... 1-100 ooo 
Port Galera and Varadero Bay ..................................... ' 1-10 ooo 
Southwest Coast of Leyte ................................ _.... . .. ' 1-100 ooo 
San Juanico Strait and 'facloban Harbor ........................... ; 1-50 ooo 
Approaches to Catbalogan .............................. _ ......... 

1 
1-50 ooo 

Harbors on llurias and Ticao islands and Ragay Gulf .... _. . . . . . . . . . Varying. 
Panay, Negros, and Cebu ................................ __ ....... I Mercator. 
San Francisco Bay, Southern Part ................................ I I-50 ooo 
Suislaw River, Oreg ......... _ .................................... ; 1-20 ooo 
Tillamook Bay, Oreg ............................................. 1 1-20 ooo 
Port Orchard, \\'ash ....... _ ...................................... j 1-20 ooo 
Behm Canal, Alaska ................................. _... . . . . . . . . . Varying. 
Icy Strait and Cross Sound ........................................ 1 1-So ooo 
Controller Bay, Alaska ............................................ I r-100 ooo 
Sannak Islands and Ikatan Peninsula ............................. ·I Varying. 
Harbors and Anchorages in Southwest Alaska ...................... , Varying. 
Golofnin Bay, Alaska .............................. _ ............ ·! 1-40 ooo 

--------------------------------· ! ________ _ 

JVezv editions. 

_c_~_!~_r_t_\__ 'l'itl~----- - _, __ _ 

· Cl1esapeake Ra)~ ...................................... -............ l 79 
113 
248 
422 
904 
914 
915 
920 

4100 
4711 
4714 
5534 
6oo3 
8520 
9100 

Cuttyhunk to Block Island. . . . . . . ............................... _I 

Boston Inner Harbor ............................................. I 
New River Inlet. ................................................. I 
-yirgin Passage and Vieques Sound ................................ \ 
Culebra Island and Approaches .................................. . 
Target Bay and Approaches ...................................... . 
Porto Rico ..................................................... . 
Hawaiian Islands ........................................... _ .... . 
Northern Part of Mindoro .................. · · · ·. · · · · · · · · · · · · · · · · · · 1 

Mindoro and Adjacent Coast.~ .................................... . 
Suisun Rav, Cal ......................... _ ........................ i 
Umpqua River Entrance .......................................... J 

Prince William Sound ............................................ f 
Aleutian Islands .................................................. j 

---~-

Sen le. I 
I 

--1 
1-200 000 

r-So ooo 
I-IO 000 
I-JO 000 
I-Jo 000 
I-20 000 
I-IO 000 

Mercator. 
Mercator. 
Mercator. 
:Mercator. 

l-40 000 
J-20 000 
1-So 000 

1-l 200 000 

* l'rin ted for State Department. t Printed for Bureau of Standards. 
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New prints. 

'l'itk. 

. i 
Io<J Boston Bay and Approaches ..................................... . 
1I3 , Cuttyhunk to Block Island ........................................ : 
2.14 Salem Harbor and Approaches . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . · 
257 C~rnfielcl Poi~1t to Duck Island. . . . . . . . . · ........ · .. · · · · · · · · · · · · · .

1

: 

264 Milford to Bndgeport ............................................ . 
266 Fairfield to Georges Rock. . . . . . . . . . . . ............................ ' 
268 Sheffield Island to \Vestcott Co\·e ................................ . 
316a Kennebec River, Abagadassett Point to Court-Honse Point. ......... · 
369 8 Hudson River, .'i3d Sti-et:t to Fort \\'ashini..rton ..................... ! 
376 Delaware and Chesapeake bays .................................. . 
517 Sabine Pass and Lake...................... . .................... . 
549 Approaches to Baltimore Harbor .................................. . 
577 Fernandina to Jacksonville ........................................ 

1 

920 Porto Rico. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . 
woo Cape Sable to Cape Hatteras ....................................... : 
JOO! Chesapeake Bay to Jupiter Inlet ................................. . 
1007 Gulf of Mexico .................................................. . 
3035a City of Washington, D. C ........................................ . 
3089 Olympia, \Vash:, to Mount St. Elias ............................... : 
4104 Maalaea Hay, l\lauai, Hawaii ..................................... . 
4231 Port of Manila .................................................... . 
4244 Balayan Anchorage . . . . . . . . . . . . . ................................ ' 
4247 Barigayos Inlet...................... . .......................... . 
4 249 Port l\lari ve Jes. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .......... ' 
4253 Tabaco Bay Entrance ............................................ . 

Scale. 

I-So ()()() 
1-80 ()()\) 
I-20 000 

I-10 000 

1-10 ()()0 

1-10 000 

I-Ill OCX> 
I-IO 000 
I-Io ooo 

1-400 000 

I-40 000 

1-40 CXXJ 

1-40 000 

Mercator. 
Mercator. 
Mercator. 
Mercator. 

I-15 840 
1-1 200 O(X> 

I-IO 000 
I-lo «.XX> 

1-5 coo 
1-5 ()(){) 

1-15 OL:t> 

I-30 000 

4256 San Bernardino StraiL~ and Approaches............................ 1-100 uoo 
4444 Onnoc Bay, l'. !. ................................................ 1 I-30 ooo 
4447 Cebu Harbor and Approaches . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I-30 ooo 
4448 Iloilo Straits ancl Harbor. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ......... i I-50 ooo 
4642 Anchorages off ::s'orth Coast of Mindanao Island. . . . . . . . . . . . . . . . . . . . Varying. 
5002 San Diego to Point St. George ......... , . . . . . . . . . . . . . . . . . . . . . . . . . . . Mercator. 
5052 San Francisco to Cape Flattery. . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... · Mercator. 
5532 San Francisco Entrance . . . . . . . . . . . . ............................. I 1-40 ooo 
5534 Suisun Bay, Cal .................................................. ' 1-40 ooo 
5832 Humboldt Bay, Cal................. . . . . . . . . . . . . . . . . . . . . . · I-30 ooo 
5984 Coos Bay, Oreg............................................... 1-20 ooo 

I 6I95 Grays Harbor, \Vash . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-40 ooo 

I 
6400 Seacoast and Interior \Vaters of \Vashington... . . . . . . . . . . . . . . . . . . . . . 1-300 ooo 
7000 Cape Flattery to Dixon Entrance .................................. : I-I 20<> <XJO 

8I76 Shaken Strait, Alaska . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-20 CXJO 

8500 Icy Cape to Semidi Islands ....................................... ·I I- 1 2<JO ooo 
8881 Islands and Harbors off Alaska Peninsula... . . . . . . . . . . . . . . . . . . . . . . . \'arying. 

173 

I
' 8283 Peril Strait, Hooniah Sound to Chatham Strait . . . . . . . . . . . . . . . . . 1 -40 O(X) 

Ls __ nutc~iarhor, Alasb._·~-:~·~:·········· : ........ :_·_·_·_··_i __ .~.1~-~: __ 
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Of the above lithographs, the following were printed in the Printing Section: 

I 

I Chart 
~o l 

I-~-: 
I (*) 

(*) 

~;i 
251 

4108 
4344 
4426 
4451 
6o23 
6112 

8304 
8.'i'3 
8841 
9192 

/\'ew d1a1ts. 

--------
Title. 

!--
Alaska Boundary Award _ ..................... _ .......... _ ..... ! 
Alaska Boundary Award ... __ ................... _ .. _ .. _ ...... _. __ .1 

Chilkat Rin!r \'alley ...... _ - . - . _ ................................ i 
Lake Borgne and l\Iississippi Soun<! .......................... ___ .. : 
Head of Buzzards Bay, )lass ...................... _ ............... \ 
Hanapepe Bay, Hawaii ................................... - . - · · .. ·\ 
Port Galera and Varadero Bay .............. _ ..... - ................ i 
Southwest Coast of Leyte ............................... __ ... _ ... . 
Approaches to Catbalogan .............. _ ........... - ............. \ 
Suislaw RiYer, Oreg .... _ .. _ ..... _ ... _ .. _ .... _ ... ___ .... __ ..... _ .. 
Tillamook Bay, Oreg .................... _ .. _ ..................... ' 
Icy Strait and Cross Sound_ ........... _. _ ... _ .... _ ............ _ .. 1 

Controller Bay, Alaska ... _ .................. _ ........ _. _ .... 
1 Sannak Island and Ikatan Peninsula . _ . __ .. __ ..... _ .. _ .. _ ..... _ .. 

Harbors and Anchorages in Southwestern Alaska ........ _ ...... _ 

Scale. 

1-1 2()(> uoo 
1-l 200 uoo 

1-So ooo 
l-8o (XXl 

1-20 ()()() 
1-5 000 

I-10 000 
1-J(J(> 000 

1-50 000 
1-:w uoo 
1-20 000 
1-So 000 

1-IOO 000 
\'arying. 
Varying. 

i ---- --··-----

.Voe t•dilions. 

Chart 
:-;o. Title. 

--- -----------------:-cnle. -----1 
;----1 
I (t) ' 

422 
920 

4100 

Lake Borgne and :\Iississippi Sound .......................... _. 
New River Inlet .. __ ........ _ ...... __ ............... ·---- ........ ; 
Porto Rico ................. _ .................... _ ................ 1 

Hawaiian Islands ..... _ ... _ .. _ ...... _ .. _ .. _ ..... _ ......... __ .... . 

I 

5534 
6003 
8520 
9100 

f;uisun Hav, Cal .... , ............ _ •... _ . _ . . .... _ . __ .. _ ......... . 
Pmpqua J{i,·er Entrance ......................................... . 
Prince \\'illiam Sound ............................................ 1 

Aleutian Islands . . . . . . . . . . . . . . . . . . . . . . . . . . . .................. . 

-··--------------------- ----- -------

1\lew prints. 

------~---------

Chart 
:-.;o. 

Title. ! 

3698 Hudson Ri\-er, 53<1 Street to Fort \\'ashington ..................... . 
549 Approaches tu Baltimore Hnrh<ir . . . . . . . . . . . . . . . . . . . . . . . . ....... _. \ 
920 Porto Rico... . . . . . . . . . . . . . . .............................. . 

423 I Port of l\Ianila . . . . . _ ................................. 
1 4244 Balayan Anchorage. . . . . . . . . . . . . . . . . . . . . . .................... 1 

4247 ' Darigayos Inlet .............. _· .· .· -.. · .· .· _· ·. · .. · .·: _·.:: .· ·.:::::::: .· _· .· _· ·. ·. · .. · .·i 
42:19 Port :'>Iarin:lcs .............. . 
4444 Ormoc Bm·, P. I ................................................. . 
4642 Ancl10rages o!T Korth Coast of :\Iindanao Island .................... 1 

6195 Gra,·s Harbor, \\"ash . . . . . . ................................. . 
6400 Seacoast aml Interior \Vatcrn of \\'ashington ...................... . 

1-So 000 
l-10 000 

::'l'lercator. 
::'llercator. 

1-40 000 

1-20 000 
1-80 000 

1-1 200 000 

Seal~. 

I-JO 000 

l-.\0 uoo 
l\lercator. 

!-JO 000 

1-5 ()()() 
1-5 uoo 

1-15 000 

l-30 000 
Varying. 
1-40 noo 

-~~ --~;::~~~~~~i;1t:i1:~?. 'lli~:~~:_:_._· :_::::::::::: :~:~~:-~: ~: ·.::::: ·.: :_:_t _ -
I-300 UCK> 
1-20 O(XJ 

l-10 ()(<) 

·:<-Printed for State llepartment. 
t Printe<l for the States of Louisiana and Mississippi. 
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Recapit11latio11 o.f lilliogrnpli work. 
~\Ullber. 

New charts published . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 
New editions published. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 
New prints published..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 

Total................................................................. 9<:> 

Of the above the following were published in the Printing Section: 
~u111bcr. 

:Newcharts ...................................................•............. 16 
New e<litions ..... , ... , .................................................... . 8 
New prints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 

Total................................................................. 3i 
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The total number of impressions printed from copper· plates was somewhat less 
than during the previous year, but the number of charts (including new charts, new 
editions, and new prints) published by photolithography during the year was 50 per 
cent greater. 

Proofs on bond paper were made of all new charts, of new editions, and of all 
charts that were extetisively corrected. 

A new lithographic press was installed before the close of the calendar year and 
worked successfully during the remainder of the year. 1'he prints from this press 
already compare favorahly with those obtained by public contract. The Chief of the 
Division commends Mr. D. N. Hoover for his successful management of this branch of 
his work. 

Pl10to,i;n1plzzc Section. 
~u111her. 

Glnss negatives made................................. . . . . . . . . . . . . . . . . . . . . . 695 
Paper negatives ma<lc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106 
Velox prints made . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 S6o 
Vandyke prints ma<lc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99 
Bromide prints made...................................................... 218 

Bl uc prints made. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Jio 
Silver prints made ............................... , . . . . . . . . . . . . . . . . . . . . . . . . . 98 
l,antern slides made.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53 
::S:egatives developed.......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 353 
Prints mounted . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 306 

The output of the Photograph Section was larger than that of the pre\'ious fiscal 
year, which was much larger than usual. 

8/cctro!ypiug .'>cdion. 
=--:11111ber. 

Kilograms of copper deposited. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 294 
Square <leci111etcrs on which <leposited. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 917 
Alto plates 111ade. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 
Dasso plates made. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 
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Clzart J)ivision. 

Perso1111d. 

--------------------- -· 

l _____ ·_Na.111e. _____ --------· 
Occupation. 

···--·--1 

Gershom Bradford ......... . 
Miss L. A. l\lapes . . . . . . ... . 
J. T. Watkins .............. . 
E. H. Wydll .............. . 
H. R. Garland ............. . 
J.B. Q,1;1inla11 ·; ............ . 
A. B. Simons, Jr ........... . 
Frank Sanford .............. · 
P. R. Terry. . . . . . . . . . ...... I 
Miss C. \Villeubucher ....... ' 

F. M. Hart ................ . 
W. A. Naghten ............ . 
Miss Bert. \Villiams. . . . . . . . · [ 
E. F. Springer .............. . 
C. E. Forrest ............... ! 
Archie Uppenuan ........... · 
J. H. Mason . . . . . . . . . ...... I 

Te111porarily ddailed. 

-------·----· ________ I 

Inspector of Charts and Chief of Division. 
Chief of Chart Section. 
Draftsman. 
Chart corrector. 

Do. 
Clerk; July 1 to Oct. 14. 
Buoy colorist. 
Buoy colorist; July 8 to June 30. 
Buoy colorist; Aug. 4 to June 30. 
Buoy colorist; July 1 to July 16, Aug. 21 to 

Sept. 14, Nov. 3 to Jan. 15, and Apr. 25 
to May 8. 

Buoy colorist; July 3 to July 17. 
Buoy colorist; July 16 to Aug. 3. 
Buoy colorist; 8ept. 1 to Sept. 12. 

Buoy colorist; Sept. 15 to Xov. 3. 
Buoy colorist; May 9 to June 30. 
Map mounter. 
Messenger. 

I 

I 

Swepson Earle .............. Draftsman; July 1 to Sept. 3. 
\V. R. Proctor . . . . . . . . . . . . . . Watch officer; Nov. Io to NO\·. 3<>. 

The Chief of Division supervised the work of the two sections in which this 
Division is divided, and gave personal attention to the inspection of the work on ne\\' 
charts and on new editions of charts in its various stages of progress. Progress was 
made in the preparation of a new edition of the Chart Catalogue, and Mr. Bradford 
served as Acting Inspector of Hydrography and Topography from April 11 to June 20. 

Chart .'>ection. 

In this section all letters relating to the sale of charts, tide tables, and coast pilots 
were prepared; the accounts with the sales agents were kept; the buoys on the charts 
were colored, and other routine work was done. Editions of 20 new charts, 18 printed 
by photolithography and 2 from copper plates were issued during the year. Forty new 
editions, 19 printed from copper plates and 21 by photolithography, were also issued. 
Charts were received as follows: 

Nutnher. 
From Drawing and Engraving Division, prints from plates .............. 69 571 
From Drawing and Engraving Division, prints from stone. . . . . . . . . . . . . . . . . . 11 297 
From lithographers ...................................................... 19 551 
From Manila suboffice ....................................... ,............ 2 400 
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The following table contains a list of charts which "·ere prepared, published, and 

issued from the suboffice of the Sun·ey at ~fanila, P. I., copies of which were received 
for issue at the \Vashington Office during the year: 

::"lo. 4261. Legaspi Anchorage and \Vest !'art of AlLay Gulf, P. I. 
::"lo. 4449. Port l'alapag and Laguan nay, P. I. 
No. 4541. Anchorages on the Coast of Jolo Island, l'. I. 
::"lo. 4542. Jolo Island aml Vicinity, l'. I. 
No. 4343. Puerto l'rincesa, Paragua Island, P. I. 
No. 4263. Port San Vincente and \·;icinity, P. I. 
No. 4264. Salomague Harbor, P. I. 
30. 4262. Cagayan River, P. I. 

Charts were issued as follows: 
'xumbcr. 

Sales agenl~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 566 
Sales at the Office. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 681 
Congressional account. .................................................. . 
Hydrographic Office, l'.nited States Navy ................................. . 
Light-House Board ...................................................... . 
Coast and Geoclefic Survey Office ........................................ . 
Coast and Geodetic Survey su boffice ...................................... . 
Executive Departments .................................................. . 
Foreign governments .................................................... . 
Libraries ......................... _____ ................................. . 
l\Iiscellaneous .......................................................... . 

2 429 
23 098 

2 893 
6 232 
4 955 
5 016 

6o7 
II7 
495 

Total. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87 089 

A comparison of the total issue of charts for the fiscal year with the issue in previ
ous years shows the total to be 32 per cent larger than the average and I 9 per cent less 
than during the previous fiscal year, this falling off being accounted for in the decrease 
in the demand from the Navy Department and others to whom the charts are furnished 
free of re:ost. 

The Chief of Division particularly commends the efficient service rendered by Miss 
Mapes and Mr. Garland. 

Hydrograpliic .Si:ctio11. 

The work of indicating the chart corrections and preparing the monthly Notice to 
Mariners was efficiently performed by Mr. \Vyvill, and he also performed a portion of 
the duties of the Chief of Division during the time Mr. Bradford had additional duty 
assigned him, so that the current work was kept up to date. 

Mr. Watkins, assisted by Mr. Earle and :Mr. Proctor during theit: temporary detail 
to the Division, did the other work assigned to this section, as shown in the following 
tabl~: 

32 charts reviewed for publication. 
234 charts, corrections on Office Standards verified. 
107 charts, corrections on proofs verified. 

13 hydrographic sheets verified; 40 025 angles; 115 292 soundings; 3 ooo miles of 
sounding lines; 240 square miles area covered. 

1 hydrographic sheet Yerified and inked; 8 403 angles; 34 346 soundings; 846 miles 
of sounding lines; 90 square miles area covered. 

r hydrographic sheet plotted; r 493 angles; 4 050 soundings; ¢miles of sounding 
lines; 5 square miles area coyere<l. 

10277--04--12 
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hzstrumcnt f)ivision. 

Pcrso1111d. 

--------- ··------··----

!__ ----·---~-·a_"::---- -.... ---·--···· Occupation. ----1 
I
I E. G. Fischer ............... ! 

\V. C. Maupin . . ............ · 
Otto Storm ................. I 

I 
C. Jacomini ........... . 
M. Lauxman ........ . 
\V. R. Whitman ........... . 
H. G. Fischer .............. . 

I 

J. D. :VIorrison. . . . . . . . . . ... . 
C. F. Zimmisch ............. . 
I,. F. Senior ............... . 

I 
]. R. Aufente ............... . 
H. 0. French .............. . 
G. \V. Clarrne ............... i 

I 
C. :N. Darnall .............. . 

. Jere Hawkins ............... . 

Chief of Dh-ision. 
Clerk. 
Instrument maker. 
Instrument maker; July I to Aug. 23. 

Instrument maker. 
Instrument maker; July I to Sept. 2. 

Instrument maker. 
Do. 
Do. 

Instrument maker; 
Nov. 4 to June 30. 
Carpenter. 

Do. 
Do . 

:Messenger. 

:Nov. 4 to June 30. 

In this Division an account was kept of all instruments and general property owned 
by the Survey or purchased during the year; 1 165 instruments of various classes were 
put in order, adjusted, and sent to the field. :Minor repairs were made to the Office 
buildings and furniture, and considerable progress was made in constructing a new tide
predicting machine. A suitable alloy of aluminum for use in construction of instruments 
not being on the market, ~Ir. George T. Ennis, of \Vashington, D. C., made a number 
of experiments, at the suggestion of Mr. Fischer, and succeeded in obtaini11g an alloy 
combining a low degree of density with great rigidity and toughness, and this alloy is 
being used in constructing all portions of instruments for which it is adapted. A tape
stretching apparatus and two. 50-meter tapes made for the Brazilian Government were 
inspected and accepted at the request of that Government. 

Two vertical collimators were constructed and sent to the field. An electric tide 
indicator was purchased, moclifiecl, and installed in the hall of the ::'vlaritime Association 
of New ,York. In connection with the tide gauge at Philadelphia, a tide staff was 
constructed with a device which is very useful in places where it is difficult to read the 
staff correctly on account of its position or where the water is rough. A glass tube 
was mounted on the face of the staff, with the lower end cemented in one encl of a 
U-shaped brass tubular fitting with a valve at the other end. When the staff is lowered 
into position, resting by a shoulder on a fixed point, the ,·alve can be opened to admit 
the water into the tube unaffected by wave action. By closing the valve the staff can 
be removed and the height of the water in the glass tube accurately read. 

From a description and illustration of the Repsold & Sons' transit micrometer, 
one was made with certain modifications adapted for use on the portable transits in use 
in the Survey, which has proven satisfactory in every respect when tested by numerous 
observers by observations made in the small observatory at the Office. 

From a design furnished by Assistant J. F. Pratt, an instrument called a dip sector 
was constructed to enable the mariner to determint~ with accuracy the actual dip on 
board a vessel whenever observations are made with a sextant, and this instrument is 
in use at present. 
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A number of instruments were selected and purchased for use in sun·eying and 
marking the boundary between the United States and Canada west of the Rocky Moun
tains, and the Alaska boundary. 

In his report :\-Ir. Fischer commends the conduct and efficiency of the employees in 
the DiYision. 

Libra1:i' and Arrhivcs. 

Pt'rso1111d. 

~nme. Occupation. 

·----·----·----------

Bdwanl L. Burchard ....... . 
\Vm. Eimheck ............ . 
A. F. Zust ................. . 
J. P. l\laupin .............. . 
:\Iiss Blanche Lm·e ......... . 
l\Irs. :\I. A. (~rant .......... . 
Miss l\l. L. Hand Ian ...... . 
L. H. White ... · ............ . 
J. R. J olmson .............. . 
\\'. H. Butler ............. . 

Librarian; July 1 to Dec. 31. 
Acting Librarian; Dec. 7 to June 30. 
\\Triter. 
Writer; July I to July 23. 
\\Triter; Nm·. 23 to June 30. 
\\Triter; July I to Dec. 19. 
Writer; July I to Oct. 5. 
\\Triter; July 1 to Aug. Ill. 
\\Triter; Sept. 1 to June 30. 
:\Iessenger. 

The routine work in the library was kept up to date. 'l'he records of the obsen·a
tions made in the field were indexed as they were received. The detail of the librarian 
to duty in the library of the Department of Commerce and Labor \Vas continued from 
Jt1ly 1 to December 31, when he resigned from the Seryice. During his absence Mr. 
Zust performed the duties of librarian until December 7, when Assistant Eimbeck was 
assigned to the Di\'ision as Acting Librarian, and continued in this position during the 
remainder of the year. 

Affrssious. 

-------·-------· 

I ___ _ Items. i Purchased. · l>onatcd. Exchanged. j 'I'otnl. 

Books ......................... , 
Pan.1phlets ............. · ... · · · ·I 
Serials ....................... . 
Maps and charts ............... ! 

167 i 24 112 3°3 

8~ I 

126 Ill 244 
6o 704 849 

131 431 2 310 2 872 

··---···--

Issued .for lt!mporlllJ' 11se. 
Nnmher. 

Books and pamphlets .................................................. 2 020 
Serials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6o4 
Records . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 843 
Original sheets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 943 
l\1aps and charts .............................................. , . , , , , 3 516 
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The following list sho\vs the original records received: 

l \'ohnnes. I Cahiers. ,I Shcc.-ts or II 
. rolls. ____ : __________ ------1----

Subject. 

Astronomy .......... _ ................. . 
Geodesy ......... _ . _ . _ .. __ ... _ ........ _ 
Hydrography _____ ......... ____ ...... _. _ .. . 
Hypsometry ..... _ ... _ ... __ ............... . 
Magnetism .... __ . ____ ......... _ ....... _ .. . 
Tides ............. __ ...................... . 

rs 
165 
380 
130 

122 

2 93 
124 .. - .. - - - . 
41 

. 24 
516 

6 II9 
Topography ....... _. _ .................... . ·········"!"······· 

Totals................................ 812 [ z13 258 
. . ----~- ---- ,---i ·-

Photograph~c prmts_ ....... _ ....... _ ......... :- ... - .... ·I· .... -. . . . 71 
Photographic negatives ...... - .. - - .......... :'~~ ... - . -_~I:~--_· -_:~J __ s; 

llfiscellaneous ::,·ectio1l. 

Perso1111e/. 
---------------- -----------

---~~,e~---- --\ 

H. C. Allen ................. 

1 

Cieri.: and Chief of Section. 
C. W. Jones ............... Clerk. 
'Ih~mtas McGoines . . . . . . . . . Messenger. 

Occnpati<>11, 

-------------------

-- --- ---------------

The increased amount of work done in this section, reported in the previous fiscal 
year, was maintained during the year without increase in the personnel hy means of 
better working facilities and some slight changes in the methods of work. The publi
catioti.s received were issued promptly and all current business was kept up to date. A 
card record was kept of the receipt and issu~ of ail stationery, which renders it possible 
to see at a glance the total issue from month to month and for the year. This record 
has already been of value in estimating the amounts required for iuture use. 

The following publications were received from the Public Printer: 
:--.:tnnher. 

Report of the Superintendent of the Coast and Geodetic Sur\"ey showing the 
progress of the work from July I, 1902, lo June 30, 1903 (I 032 pp.) . . . . . . . . . . 2 ooo 

Appendices to Report for 1903 as separates: 
::-;"o. 3. Precise Leveling in the Cnited States, 1900--1903, wid1 a rea<ljustmel'.t 

of the level net and resulting elevations ( 623 pp.) .... - . - - ....... - - . . . . . . I 500 
No. 4. Triangulation southward along the ninety-eighth :\'Icri<lian in 1902 

(12opp.) ....................................... ········-············ 500 
No. 5. Results of Magnetic Obsen·ations made by the Coast a1Hl Geodetic 

Sun·ey between July r, 1902, and June 30, 1903 ( 74 pp.).... . . . . . . . . . . . . . I ooo 
~ o. 6. Channel and Harbor Sweep ( 6 pp.) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200 

United Slates Magnetic Declination Tahles and isogonic Charts for 1902 a1Hl prin-
cipal facts relating to the earth's magnetism ( seco11<l erlition, 405 pp.). . . . . . . . r 500 

Report on ::-:;eocletic operations in the United States lo the Fourteenth General 
Conference of the International Geodetic Association ( 28 pp.) . . . . . . . . . . . . . . . 500 

United States Coast Pilot, Atlantic Coast, Parts I-II, from the St. Croix River to 
Cape Ann (second edition, 243 pp.) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 500 
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United States Coast Pilot, Atlantic Coast, Part III, from Cape Ann to Point 
Judith (second ecli°tion, 199 pp.) .......................................... . 

l:nited States Coast Pilot, Pacific Coast, California, Oregon and, \\'ashington .. . 
Supplement to Gniterl States Coa~t Pilot, Atlantic Coast, Part IV (second edition, 

HJ pp.) ................................................ ,, .... , ........... . 
Supplement to United States Coast Pilot, ;\tlantic Coast, Part VII (second edition, 

18 pp.) ................................... .I. ............................. . 
Supplement lo Gnited States Coast Pilot, Atlantic Coast, Part VIII (seco11cl edition, 

26 pp.) .................................................................. . 
Supplement to Uniter! States Coa~t Pilot, Pacific Coast, Alaska, Part I (fourth 

edition, 14 pp.) .................. · .. · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
Coast Pilot Xotes on \\'arren Channel ancl Davidso11 Inlet, .Alaska (4 pp.) ..... . 
Catalogue of Charts, 19<>3 {174 pp.) .............. · ................ ··.·· .. · .. · 
Tide Tables, Atlantic Coast, 19CJ4 (reprint, 177 pp.) ........................... . 
Ticle 'fables, Pacific Coast, 1904 (reprint, 161 pp.) ............................ . 
Leaflets for distribution at the Louisiana Purchase Exposition at St. Louis, :\Io .. 
Xotices to ::\Iariners, Xos. 299 to 312.......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

The following publieations were received from the :Manila snboffice: 

Sailing Directions, P. I., Section I, second edition ............................ . 
Sailing Directions, J>. I., Section II, seco11rl edition ........................... . 
Sailing Directions, P. I., Section VI. ........................................ . 
Sailing Directions, P. I., Section VII ........................................ . 
~otices to l\fariners, 1'. I., Xos. 6 to 12 of 19CJ3 and Nos. 1 to 5 of 1904 ••........ 

The following publications were issued by the Office: 

Annual Reports co,·ering the years 18s1 to 19CJ3 .............................. . 
Appendices to Annual Reports ... " .......................................... . 
Bulletins, ""os. r to .p ...................................................... . 
Special Publications, Nos. r to 7... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ......... . 
Uniterl Sta,tes Declination Tables and isogonic CharL~ for 1902, and principal 

facts relating to the earth's magnetism (second edition) .................... . 
Report on Geodetic Operations· in the United States to the Fourteenth General 

Conference of the International Geodetic Association... . . . . . . ............ . 
l.'.nited States Coast Pilots, Atlantic Coast . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 

l.'.nited States Coast PiloL~, Pacific Coast ..................................... . 
Supplements to t:nited States Coast Pilol~, Atlantic Coast .................... . 
Supplemenls to United States Coast Pilots, Pacific Coast ...................... . 
Coast Pilot Notes on \Varren Channel and Davidson Inlet, Alaska ............. . 
List and Catalogue of Publications .......................................... . 
Catalogue of Charts 189g-1903 .............................................. . 
I.eaflcL~ for distribution at Louisiana Purchase Exposition at St. Louis, ::\Io .... . 
Tide Tables, complete, for years 18g8--r904 ................................... . 
Tide Tables, Atlantic Coast (reprint), for years 189CJ to 19CJ4 ................... . 
Tide Tables, Pacific Coast (reprint), for years r890 to 1904 .................... . 
Xotices to l\lariners, Nos. 299 to 312 ......................................... . 
Xotices to Mariners, J>hiJippine Islands, Nos. I to 12 of 1903 and Nos. 1 to 5 of 

1904 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..................... . 
Sailing Directions, Philippine Islan<ls, Sections I to VII ...................... . 

181 

Numhct. 

2 491 
2 512 

500 

6oo 

500 

500 
500 

I 972 
l 024 

7 504 
jo ooo 

62 II5 

200 
200 
1g8 
200 

I 203 

2 567 
8 735 

620 
263 

669 

255 
2 410 

585 
2 376 

220 
298 
21I 

l 724 
43 070 

I 729 
[ 267 

7 733 
59 919 

271 

345 
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APPENDIX 8. 
REPORT 1904. 

RESl'LTS OF \L\G\ETIC OBSERVATIO\S ~L\DE BY THE 
COAST .\;\]) GEODETIC SCRVEY BETWEEN 

JULY I, 1903, AND JU>JE 30, H)O+ 

By L. A. BAUER, 

Inspector of Magnetic 'Vork and Chief of Division of 
Terrestrial ~1agnetism, 

Assistant, Coast and Geodetic Sun·ey. 

---------------··--·----
---·-···-·- ----- --- -·- . 
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C 0 NT.ENT S. 

Introduction ............................................................................. . 
Obserrntions on land and their distribution ................................................ . 
Obsen·ations at sea and their distribution .................................................. . 
,General methods of obser\'ing ............................................................. . 
General accuracy of results ............................................................... . 
Comparison of instruments . . . . . . . . . . . . . . . . . . . . . . . ....................................... . 
Reduction of the obser\'ations .................... : ....................................... . 
Arrangement of the tables ................... ; ............................................ . 
Resull5 of magnetic observations made on land between July 1, 1903, and June 30, 1904 ....... . 
Results of magnetic observations made at sea between January I, 1903, and June 30, 1904 ..... . 
Descriptions of stations: 

Alabama ........................................................................ . 
Alaska ........... .' .............................................................. . 
California . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Delaware ........................................................................ . 
District of Columbia .............................................................. . 
Georgia ....................................................................... . 
Guam ........................................................................... . 
Hawaii .......................................................................... . 

Page. 

187 
187 
190 
194 
198 
198 
199 
200 

202 
214 

216 
217 
221 
222 
222 

222 

222 
222 

Kansas........................................................................... 223 
Kentucky . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 224 
Louisiana . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 227 
Maine................................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 233 
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RESULTS OF :rvIAGKETIC OBSERVATIONS MADE BY THE 
COAST AND GEODETIC SURVEY BET\VEEN JULY l, 1903, 
AND JUNE 30, 1904. 

Ry J,. A. BAUER, 

l11.1pcdor of 11Iag11ctic TVork and Cl1icj' o.f f)frisio11 Terrestrial J1fag11elis111. Assistant, Coast and 
Geodetic Survey. 

I::\'TRODl-CTIO:N. 

The present publication contains the results of the magnetic observations made on 
land and at sea by members of the Coast and Geodetic Stirvey in the prosecution of the 
magnetic sun·ey of the United States and outlying territories during the period 
July 1, 1903, to June 30, 1904,* including some results obtained at sea during the 
period January 1, 1903, to June 30, 1903. 

The detailed results of the observations made at the five magnetic observatories, ·j· at 
present in operation, will be contained in a separate publication now in preparation. 

The;1ew feature in the present paper is the inclusion of the results thus far obtained 
at sea by the Coast and Geodetic Survey vessels in the course of their regular sun-eying 
duties. 

ORSERVA'I'IOC\S OX LA~D A::\'D THEIR DISTRIBUTION. 

In continuance of the general plan of the magnetic survey, as published in Appen
dix 10, Report for 1889, the work as mapped out provided for stations averaging about 
25 to 30 miles distant from one another. Such regions were selected for the year just 
ended where data were most needed and where recourse could be had to an obsen·atory 
for the necessary reductions. 

A special examination of the locally disturbed area in the vicinity of the local mag
netic pole on Douglas Island, Alaska, opposite Sheep Creek, disclosed by the observa-
--·---- ·--------- -·----· ·--------·-·· ---·---- ------------ .. - ----

·*For prcYious results, sec Unitc<l States :\lagnetic Declination Tables and Isogonic Charts for 
1902, and l'rincipal Facts Relating to the Earth's Magnetism, by L. A. Bauer. \\'ashington, GO\·crn
mcnt l'rinting Office, 1902. A secornl edition of this special publication of the Coast an<l Geodetic 
Sun·cy was issued in 1903. 

Magnetic Dip and Intensity Observations, January, 1897, to June 30, 1902, by D. J,. I-la?.Urtl, with 
preface by I,. A. Bauer. Appendix 6, Report for 1902. \\'ashington, Co\·ernment Printing Office, 1903. 

Results of !\lagnclic Obscr\'ations made hy the Coast and Geodetic Surycy between July 1, 1902, 
and June 30, 19'J3. Appen<lix 5, Reporl for 1903. \Vashington, GO\·ernmcnt Printing Office, 1904. 

t The fi\·e observatories are situated at Cheltenham (Maryland); Baldwin (Kansas); Sitka 
(Alaska); near Honolulu (Hawaii); an<! \'icques Island (Porto Rico). 

For description of obserrntorics, see Appcmlix 5, Report for 1902. 
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tions of the Inspector of 1\'lagnetic \Vork in 1900, was made during July and August 
by ::..1r. S. J. Barnett, Magnetic Observer. The results of this work at 45 stations in the 
vicinity of Juneau and Douglas Island will be found in the tables under Alaska. 

The magnetic survey of Louisiana, under the charge of :\fr. L.B. Smith, Magnetic 
Observer, was completed this year with the effective and zealous co-operation of the 
Director of the State Experiment Station, Dr. \V. C. Stubbs, and of the State Geologist, 
Dr. G. D. Harris. The latter secured, with an outfit loaned him by the Coast and 
Geodetic Survey, a successful series of obsen·ations at 20 stations. 

The results of this detailed work in Louisiana have been extremely interesting. 
First, it has been clearly demonstrated that there was a reversal in the expected course 
of the secular variation which took 1)lace about 1898. Past observations made in the 
,·icinity of New Orleans show that the magnetic declination, which is east, reached a 
maximum amount of about 8 Y.i'. 0 near the year l 830. It then began to diminish, and, 
in accordance with the laws of the secular variation pertaining north and east of the 
agonic line, i. e., in the Atlantic States, where west declination is known to be increas
ing at present on the average about three minutes per year, a turning point was under 
ordinary conditions not to be expected before some time about the middle of the 
present century. Instead, however, it was reached about 1898, so that east declination 
reached a minimum value of 5 Yz 0 in about seven decades after a maximum value-the 
shortest interval between a maximum and a minimum value thus far revealed anywhere 
on the earth. East declination is now increasing in Louisiana at the rate of about one 
and one-half to two minutes per annum. The total change between maximum and 
minimum at New Orleans, as abo\'e stated, was about 33'{ 0

• 

The early reversal produced a larger annual change between the years 1860 and 
l 870-about six 111inutes-tha:1 has Kenerally been experienced in the United States, 
although elsewhere., as, for example, England, such large annual changes and even 
greater ones occur. Values of the magnetic declination secured four to five decades 
ago, if referred to the present time \\'ith the aid of secular change yalucs as were 
expected, in accordance with the experience in other parts of the United States, would 
be in error one-third to one-half degree. 

Observations in other States near Louisiana show that this change in the course of 
the secular variation is manifesting itself in greater or less degree, according to locality, 
likewise in these States. 

How permanent the present change may be, i. e., whether it will continue for but a 
comparatively short period, so that before long another reversal may be expected, after 
which east declination will begin to diminish once more, can not be stated at present . 

. 'fhe magnetic sur\'ey of Louisia'na has re,·ealed other most interesting features, as 
shown by the lines of equal magnetic declination, dip, and horizontal intensity, drawn 
in conformity with the observations. 

There were noticed marked relations with well-known physiographic features. 
The curvatures and bendings of the lines of equal magnetic declination appear to con
form with courses of principal streams and shore lines of certain bodies of water. Also 
a marked difference manifested itself in the general direction of these lines in the middle 
of the southern part of the State, just where there is a dividing line between the newer 
and older geologicl!l formations. 
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It is especially interesting that the irregularities in the distribution of the earth's 
magnetism, as exhibited by the three sets of lines, occur chiefly in the regions of the 
alluvial deposits brought clown by the Mississippi River. Owing to these irregularities 
the compass needle is deflected from the direction it would ordinarily have assumed by 
amounts varying from about o 0

• 1 to o 0 .5. They are not local disturbances of such 
amount, which ordinary instruments would readily reveal, but they are of such a 
magnitude as only approved instruments and methods would indisputably expose. 
This point can not be emphasized too strongly for the sake of geologists who under
take to discover relations between magnetic disturbances and geological formations, 
employing crude instruments, and using imperfect methods. 

Quite likely these irregularities are to be referred to small local deposits of iron ore 
brought down from the upper states hy the Mississippi River. 

The table below gives a summary of the results on land which appear in the present 
publication. \Vi th but few exceptions they were obtained during the fiscal year July .1, 

1903, to June 30, 1904. 

Summll1J' ef results on land. 

i N"m '' > I N" ""''" I OM '"~' · 1 ""'"""" ' "' '' I ""·'" •'· I Stale of locah-1 of 11tcs reoc- t1011s , ol . r :cu ties . 
ties stations cupil-cl ohsc.arved f >se ' observed 

·--·--· ; ,-- ---1-··-1--·--
Alabama 8 8 I 8 8 i 8 
Alaska 40 64 5 63 5 I 39 
California 6 6 3 6 7 6 
Delaware I 0 I 0 0 
District of Columbia 2 2 I 6 7 IO 

Georgia 2 2 0 2 2 2 I 
Guam 6 6 0 9 u I Hawaii 6 7 4 7 I ' 
Kansas 5 5 ' 2 JO IO 7 

·Kentucky 37 38 2 38 37 37 
I,ouisiana 50 I 51 5 56 51 51 
Maine 2 2 2 2 2 2 
Maryland 3 4 3 ll 18 10 
.MassachuselL'l I I I I 
Missouri 13 13 l~ 12 13 
Montana 7 7 2 6 7 7 
New Jersey 27 .'>u II 34 29 33 
~orth Carolina I l I I I I 
Ohio 40 41 I 44 43 43 
Philippines* 30 30 3 30 12 12 
Porto Rico 7 7 .5 II II II 

South Carolina 14 16 4 18 20 18 
Tennessee 32 32 2 33 33 33 
\Vashington 3 3 2 4 5 4 
Foreign countries 5 7 I 3 6 5 5 I 1 ____ ------1 -···-- ----· 

·rota! 348 384 
i 

64 420 374 354 

It is thus seen that results are given for 384 stations, of which about one-sixth 
were in old localities, for determining the secular change. 'l'he stations were located 
principally in Alaska, Kentucky, Louisiana, Missouri, New Jersey, Ohio, South 
Carolina, and Tennessee, the remainder being distributed over 16 other States and 
Territories and two foreign countries. 

*Includes results in preYious years not heretofore published. 
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The stations in the Bahamas were secured by co-operation with the expedition of 
the Baltimore Geographical Society under the leadership of Dr. G. B. Shattuck. All 
of the observations were made by Dr. 0. L. Fas..,ig with instruments loaned by this 
Survey. 

Upon the completion of five years' work since the formation of the Division of 
Terrestrial Magnetism in I 899, it may not he amiss to take a retrospective glance of 
the work thus far accomplished. 

Observations embracing in general the three magnetic elements-declination, dip, 
and intensity-have been made at I 636 stations, of which about one-eighth are "repeat 
stations "-i. e. points at which observations had been made previously by the Coast 
and Geodetic Survey. · 

The average distance between the stations is generally about 25 miles, although in 
regions of pronounced local disturbances the distances are much less. The area 
covered is about one-third of the entire area of the United States and its outlying 
possessions, or over one-third of the area of the whole of Europe. About a dozen 
States have been practically completed except for special im·estigations and ''repeat'' 
observations for ascertaining the secular change, and some others are nearing com
pletion. The results of this entire work have been reduced at the Office and either 
have been published already or appear in the present paper. 

Observatory work has been carried on at five stations already enumerated, the 
length and completeness of the series obtained at each varying from one to four years, 
according to time of establishment of the obsen-atory. The results are in process of 
preparation for publication. 

Magnetic work at sea on the vessels of the Survey was begun in February, 1903, 
and various results obtained, which will be found in the present publication. 

In addition, a variety of investigations of a miscellaneous nature, relating to instru
ments, constants, local disturbances, etc., have been made. 

While the work achieved during these past five years is gratifying, it is hoped that 
the next five years may witness even greater progress, as the greater part of the time
consumiug initial work im·olved in the procuring and testing of outfits, establishment 
of base stations, training of observers, etc., has been accomplished. 

OBSERVATIO:-.S AT SEA AND THEIR DISTRIBUTIOX. 

The results obtained at sea must be secured incidentally to the regular surveying 
duties of the vessels of the Coast and Geodetic Survey. It is, therefore, not possible to 
make rapid progress, nor can the accuracy attained be such as would he reached by ves
sels especially designed for magnetic work and continuously engaged therein. The 
problem is to secure the best possible results under the conditions i1woh-ed. 

All of the ships are provided with the usual standard liquid compass and azimuth 
circle of the Ritchie or Negus pattern, sufficiently accurate for purposes of navigation, 
but not especially designed for magnetic work. It was the belief, however, that with 
proper methods and skilled observers and favorable conditions of sea and weather 
nearly the same degree of accuracy could be obtained in determining the magnetic 
declination at sea with such compasses as hitherto has been reached with special 
standard compasses of the liquid or of the dry form. This.belief has been strengthened 
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by the results thus far accumulated and compared with those published by other 
nations. If the dry compass is to be regarded as superior to the liquid compass for 
scientific work, as some believe, then its possibilities may not yet have been fully 
determined. 

The question of prime consideration, of course, is the elimination of the ship's own 
magnetism, and the problem of doing this completely depends upon the construction of 
the vessel and her equipment. All of the vessels thus far engaged in the work are 
steamers, the Blake, Endeavor, Hydrograp!1er, J/:lcA rtlmr, and Pattenon being of wooden 
construction and the Bache and Gedney of composite construction. 

The instructions issued to the commanding officers of the ships, for obscrrntions to 
delcr111i11e the magnetic declination, call for complete swings (by steaming in a circle) 
of the vessel, on 16 equidistant headings, forward and back, whenever the conditions 
permitted, observing the magnetic and solar bearing of the ship's head on each course, 
holding the vessel long enough on each heading to secure good results, and spending, 
on the average, about two hours in all for both swings. Special attention is paid to 
the disposition of all articles likely to affect the compass. The constant A depending 
chiefly, for the cases considered, on the placement of the lubber's line of the compass 
in the central fore and aft line, is controlled by observations in port or waters where the 
magnetic declination is known from accurate shore observations, the endeavor being 
made to select places free of local disturbance. In accordance with the directions, these 
check observations arc made at ports of departure and of destination, both on the out
ward and the return trips and elsewhere, if opportunity permits. 

Xot only has the same ship been swung at the same place at various times and 
under different conditions, but also various vessels were swung in the same locality with 
different degrees of compensation of compass. In each case the vessel was swung by 
steaming in a circle. The results thus derived warrant the statement that when the 
conditions api)roximate those near port, a value of the magnetic declination can be 
obtained the absolute error of which need not exceed 5 to 10 minutes of arc. For the 
results obtained out at sea, using the methods described, it is believed that under favor
able conditions an absolute accuracy of about 10 to 15 minutes may be secured. 

\Vhen time did not permit complete swings over 16 points, 8 were permitted, and 
the accuracy reached from this number was nearly the same as with the larger number. 
Some results have been obtained also from observations on and near the course-e. g., 
on course, one point starboard, two points port, and back again on course. However, 
the inaccuracy of such values is, in general, too great to warrant their indiyidual publi
cation. \Vhen results in the same locality have been accumulated as deriYed under 
various conditions and from different vessels, their mean may have sufficient \'alue for 
utilization. . 

The general experience has been that it is better oyer the deep waters of the sea, 
where local irregularities need not be feared, to observe less often, but secure each time 
a value dependent on a complete swing, with port helm and with starboard helm, on 
8 to 16 equidistant beadings, under as favorable conditions regarding sea, weather, and 
time of day as possible. 

For securi11g results o.f magneti; dip and intensity o.f magnetic force three vessels 
have been supplied with a Lloyd-Creak dip circle, known as the L. C. dip circle, and the 
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accompanying gimbal stand, with which outfit dip and intensity observations are 
secured at sea. 

The sea work was begun first on the Blake, on a trip from Baltimore to Porto Rico in 
February, 1903. Observations were made daily by the commanding officer and the 
writer under varying conditions and trying various methods. During the early part of 
1904 similar instruments were mounted on the Bac/1e, working in Atlantic waters, and 
on the Patterson, operating on the Pacific coast. At the time of writing two additional 
instruments have been received to be supplied to other vessels of the Survey. So 
that, although the magnetic work at sea is merely incidental to the other duties of 
the vessels, all arrangements have been made now to procure a steady l'l.ccumulation 
of data with all accuracy attainable. under the conditions imposed both in the Atlantic 
and in the Pacific oceans. Such desultory work can not, however, satisfy the actual 
demands. It is most gratifying, therefore, that the Carnegie Institution of \Vashington, 
through its Department of International Research in Terrestrial Magnetism, proposes 
to. co-operate in securing systematic magnetic surveys of oceanic areas. 

The following summary includes only the results derived from complete swings 
of the vessels : 

Summar)' ef results at sea. 

General region I Difc!:;~n- I Dips I Intensities 
observed 

1 

observed i observed 

----------! --------

/ 
45 I 30 I 28 Atlantic Ocean 

Pacific Ocean 

Total 

7 I 4 , 4 

1-··-;-1-~1-~-;-

The Lloyd-Creak dip circle replaces the old Fox instrument, used for about seven 
decades in making dip and intensity observations at sea, and represents a great improve
ment upon it. Briefly described, the new instrument applies the method of Lloyd's 
needles for the purpose of determining the absolute dip and the relative total intensity 
at sea. The improvements were devised by Capt. Ettrick Creak before his recent 
retirement from the Superintendency of the Compass Department of the British Admi
ralty, and the expenses of the initial experiments were defrayed by the British Admi
ralty. Such instruments were used by the recent Antarctic expeditions. 

Illustration No. 1 shows this instrument· mounted on a tripod for shore observa
tions. The coun"terpoise shown attached· to the base is only used for balancing the 
instrument when mounted on board ship on the gimbal stand. The illustration also 
shows a compass attachment, added by this Survey for land work, as described later. 

The back circle and other parts o( the .Fox circle are in this instrument omitted 
and replaced by thick ground glass. There is, therefore, only the one graduated 
vertical circle for reading the inclination of the needle, the circle being graduated to 
every 10 minutes. At the request of this Survey the recent instruments have the 
vertical circle numbered every two degrees instead of every five as formerly, counting 
continuously from zero to 360° instead of from zero to 90° for each quadrant. 

The microscopes for reading the position of the needle are faced with ivory and 
contain a single central thread, the microscope being turned until the thread is set on 
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LLOYD-CREAK DIP CIRCLE, MOUNTED FOR OBSERVATIONS ON LAND. 
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the point of the needle, whereupon the degrees and minutes (by estimation into tenths 
of a ten-minute space) are read directly upon the circle. It is not absolutely necessary, 
however, to set the thread directly on the point of the needle, but instead, the reading 
ca11 be taken by noting the position of the poii:it directly on the circle ; in the deflection 
observations of the intensity determinations, however, in order to secure perpendicu
larity of the two needles to one another, it is essential to set the thread on the point of 
the suspended needle. 

The great improvement over the Fox circle consists in the construction of the 
needles and removal of the upper halves of the jewels in which the pivots of the needle 
work, so as to permit making observations in all of the positions employed for securing 
absolute results on land and the ready removal and replacing of the needle. The dip 
needles ~an, therefore, have their polarities reversed for elimination of error due to 
eccentricity of center of gravity, just as for land work. A lifter is provided and an 
ivory scraper, to be used in rubbing or slightly tapping the vertical brass point shown 
on the top of the instrument (below the compass attachment). With this ivory scraper, 
sufficient vibration· is imparted to the pivots of the suspended needle to overcome the 
friction between them and the sides of the jewels, so that the needle is made to drop 
down to the lowest point. 

The horizontal circle is so numbered that when the instrument is mounted on the 
gimbal stand previously placed with its lubber's line in the vertical plane passing 
through, the central fore-and-aft line, the arrow on the vernier shall be at zero. If, then, 
the ship is heading to the magnetic north and the circle is set at zero, the plane of 
suspension of the needle will be in the magnetic meridian. So that from the course, as 
shown by the standard compass, with deviation corrections applied, if necessary, the 
instrument can readily be placed with sufficient accuracy in the magnetic meridian 
without resorting to the magnetic prime vertical method. 

In the recent instruments constructed, as requested by this Survey, the horizontal 
circle was graduated continuously from o 0 to 360° in the direction of counting azimuths 
(S. W. N. E.) instead of the usual quadrantal (0°-90°) graduation. This was done 
especially to facilitate the determination of the declination on land with the aid of the 
above-mentioned compass attachment. 

The brass shield shown at right angles to the microscopes is for the purpose of 
protecting the deflecting needle from injury to the pivots and changes of temperature 
during intensity observations. 

The gimbal stand is solidly constructed of brass, the upper part consisting of two 
gimbal rings of which the inner one has three radiating grooves for receiving the foot 
screws of the dip circle; the brass balancing weight is adjustable in height by a screw 
cut in the rod passing through it, so that the period can be regulated to suit the condi
tions. These gimbal rings, in the recent stands, move on knife-edges. For readily 
placing the gimbal stand in the required position on deck, a lubber's line is cut across 
the outer fixed ring encircling the gimbal rings. 

When this lubber's line has been placed in the vertical plane passing through the 
central fore-and-aft line of the ship, the stand is firmly bolted down to the deck. To 
overcome the ship's vibration somewhat, a solid sheet of rubber about three-fourths 
inch thick was put under the base of the stand in each case. The stand was further-
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more surrounded by a brass railing, not touching the stand, against which the observer 
could lean while observing. (See illustration No. 2.) 

For shore observations a special nonmagnetic tripod is provided. As stated, for 
securing also declination results, a compass attachment has been added with which 
observations are made, as later described. 

GENERAL METHODS OF OllSERVI~G. 

LAND \VORK. 

The same general method has been followed as described in the previous publica
tions. Observers regularly and continuously engaged in magnetic work are supplied 
with a complete magnetic outfit, consisting of theodolite-magnetometer, dip circle, half
second pocket chronometer, small accessories, and an observing tent, whereas those who 
are expected to get magnetic results incidental to other work; e. g., geodetic or astro
nomic work, are supplied with more or less complete outfits according to circumstances. 
\Vhere only declination results can be secured under the conditions involved, a compass 
declinometer is supplied; but to those who can attempt more, a dip circle with compass 
attachment is furnished, with which compact outfit, knowing the azimuth of some mark 
from triangulation or other source, the declination, dip, and total intensity (Lloyd's . 
method) can be obtained with a very fair degree of accuracy. It has been demonstrated 
that with care and a good instrument, the results derived from this dip-circle combina
tion instrument will not be much below in accuracy those derived from the more 
complete outfits. 

In all in.stances scrupulous care is taken to secure standardizations and control of 
instrumental constants of all outfits as often as possible during the season's work. 
Comparisons are secured also not only at the magnetic observatories, but likewise in 
the field, under the actual local conditions-a matter of importance when observations 
are distributed over as large an area as here concerned. 

SEA AND SHORE \VORK. 

For the determination of the deviations of the standard compass and the magnetic 
declination, the ship, as has already been stated fully, is swung forward and back 
through the complete circle, steadying her on each of 1 6 or 8 equidistant headings. 
(See previous sections.) 

The observations made near port yield values of the constant A and an analysis of 
the vaTious swings furnish the coefficients B, C, D, and E. Knowing A and swinging 
completely over equidistant headings, the declination will be the mean compass error 
with the constant correction, A, applied. 

The magnetic dip and intensity are obtained on board with the Lloyd-Creak dip 
circle described in a previous section; this instrument, mounted on a gimbal stand, is 
placed on the upper deck of the vessel at the most suitable spot, and not far from the 
standard compass. 

The dip observations can be made with the needles I and 2 provided for this pur
pose, in the same manner and nearly with the same facility as with the i11struments for 
land.work. The only difference is that the ivory scraper must be continuously used to 
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cause needle to settle on proper bearing surface of jewels and a reading, owing to the 
large arc through which the needle swings on account of the ship's motion, must be 
quickly estimated (not attempting, of course, to get minutes), and the extremes of the 
arc must be read and recorded instead of the mean position. If the observations be 
extended over the same time as on land, 45 to 60 minutes, the errors due to the various 
motions of the ship are, apparently, effectually eliminated. From the comparath·e 
observations made by the commanding officer of the Blake (Assistant R. L. Faris) and 
the writer on the trip to Porto Rico, the conclusion was reached that the relative accu
racy attainable is about 51

• The range in the results, the observations having been so 
arranged that the mean time of observation and position of ship was the same for both 
observers, rarely exceeded 1o'. 'fhis statement is borne out by subsequent results 
derived from complete swings and it would appear as though under favorable conditions 
and in a wooden ship, for which the deviation coefficients can be readily and safely con
trolled, the absolute accuracy may likewise he of about the same order (5'). This 
.statement even applies to the dip obtained with needle No. 3 fron1 the deflection observ
ations involved in getting total intensity as described below. Since this needle can not 
have its polarity reversed, the dip derived from it requires the application of the correc
tion due to eccentricity of center of gravity of needle-a correction which it has been 
found can be quite well controlled. 

The relative total intensity is obtained by Lloyd's method, which involves, first, 
the determination of the angle of dip with a loaded needle (designated No. 4), and second, 
a determination of the angle through which another needle (No. 3) is deflected by 
the loaded needle, when the latter is placed at right angles to it in the place provided 
between the reading microscopes and protected by the brass shield. 

Let Tif''=total intensity, !=the dip, u,=the angle of deflection, 17=the dip with 
loaded needle and u=f-17=the angle through which the loaded needle is turned from 
its normal position by the load, then U7= C v cos ii-cosec 11:-cosec u, in which c is a 
constant determined as frequently as possible by similar observations at stations where 
l.V is known from standard magnetometer and dip observations. (See Appendix 8, 

Report for 1881, p. 24.) . 
As the determination of total intensity by this method is rclatbe, it is necessary to 

avoid as far as possible any change in the magnetism of the two needles 3 and 4. Their 
polarities are therefore never reversed, and they are guarded from close proximity to 
disturbing influences and to the bar magnets when these are used for reversing the 
polarity of the regular dip needles. 

Since a complete determination of dip and relative intensity on each of 16 headings 
of the forward and back swings would consume too much time, the following scheme 
of observations was provisionally adopted as the result of the experimental work 011 the 
Blake. This scheme has been found exceedingly satisfactory in all of the subsequent 
work and no change appears warranted at present. 

( 1) Observe deflections alone while swinging ship in one direction, and dip with 
loaded needle alone while ship is swinging in the reverse direction. Besides the total 
intensity derivable from the combination of these observations, a value of dip also results 
from the deflection observations, since the suspended needle is deflected first in one 
direction and then in the other from its normal position. 
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( 2) On each heading observations are made in only one position of circle and needle, 
so as not to require more than 3 to 5 minutes. In the deflections the position for the 
first four headings will be Circle East, needle face East; for the next four, Circle West, 
circle face West; for the third four, Circle West, needle face East; and for last four 
headings, Circle East, needle face West. The position of circle and needle in making 
observations of dip with loaded needle will be the same as for the corresponding heading 
in the deflection observations. 

(3) As the gimbal stand is set so that the zero of the horizontal circle corresponds 
to the ship's head, the dip circle may be placed in the magnetic meridian with sufficient 
accuracy by means of the ship's hearl by standard compass, applying the deviation cor
rection if large enough to warrant it. 

(4) As the motion of the ship will, in general, make it impossible to reduce the 
swing of the needle to as small an arc as is usual on land, the circle readings for both 
extremes of a swing are read and recorded in each case. 

(5) For each position of the circle two readings are taken of each end of the needle. 
( 6) The time of beginning and ending of observations for each group of four head

ings and the corresponding temperature is recorded, also facts relating to weather, sea, 
etc. The programme outlined above can be carried out in about the same time as 
requisite for the compass observations which are made simultaneously by an independent 
observer. 

The successful determination of declination, dip, and intensity at sea requires, first, 
that observations should be made with the dip circle at a base station on shore at the 
beginning and end of the cruise, to determine the relative intensity constant for the par
ticular 'veight used at sea and the correction to the dip as derived from the deflection 
observations; and second, that the ship be swung at the beginning and end of the cruise 
(and if possible in the highest and lowest latitude reached) at a place near shore where 
the declination, dip, and intensity are known with reasonable accuracy from shore 
observations, in order to determine the deviations of the standard compass and of dip 
and intensity at the dip circle position. As the compass deviations are, in general, not 
the same at the dip circle position as indicated by the standard compass, especially if 
the latter is compensated, it is desirable at the beginning and end of a cruise to steady the 
ship successively on each of 16 equidistant headings by means of the standard compass 
and determine the magnetic prime vertical by means of the dip circle. These observa
tions combined with known deviations of the standard compass will give the compass 
deviations at the dip circle position and complete the data necessary for an analysis of 
the ship's magnetism. 

The present indications are that with the method above described, swinging ship 
completely forward and back, the total intensity has been determined within about 1 

part in 300. 
For s/zore observations t/ze declination is determined (if the ship has no magnetometer) 

with the compass attachment alluded to above. The general scheme of observing is as 
follows: The observations are made preferably under a tent, or certainly in a spot shel
tered from wind. After the compass has been mounted on the dip circle and the instru
ment leveled, and adjusted if necessary, shift the weight on the south end of the needle 
so. that the latter will lie horizontal, and see that the center of the agate rests on the sup
porting pivot; then clamp the needle and point on the mark through the azimuth sights 
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with vertical circle right, passing the eye up and down the slit to make sure that the mark 
has been accurateiy pointed upon. Read the vernier of the horizontal circle and record. 
Then turn the instrument 180° in azimuth, the vertical circle now being to the left, 
and again point on the mark and read the horizontal circle. Next, turn the instrument 
until the needle points approximately magnetic nortl! and south, release the .needle, and, 
with aid of tangent screw, turn the instrument antil the north encl of the needle exactly 
cuts the zero of the graduated arc of the compass, using a pocket magnifying lens, and 
holding the eye directly over the needle to avoid parallax. Before making the fiual 
setting, disturb the needle slightly with a bit of steel-as for example, a pocket knife 
or adjusting pin, being careful to remove it to a safe distance afterwards before needle 
comes to re.st. Then quickly set the south end of the needle before it comes to rest at 
the zero of its arc and read and record both readings and the time of observation. Next, 
disturb the needle slightly and repeat the pointings in the reverse order-that is, first 
south encl and then north end. In a similar manner make four readings with the 
north encl of the needle pointing 5° east of zero, or the south end 5° west of zero; then 
four readings with the north encl 5° west of zero or the south end 5° east of zero, and 
finally, four more with the ends pointing at zero. Record the time of ending, clamp 
the needle, and again make two pointings on the mark, as at beginning. If the com
pass box contains no impurity affecting the needle and the pivot is in good condition, 
the mean of the second and third set of four readings will correspond practically with the 
mean of the first and last four. When impurities or imperfections were thus detected 
they were removed. 

The difference between the readings on the mark and the magnet gives the magnetic 
azimuth of the mark, and knowing the true azimuth from other sources (triangulation 
or astronomic observations) the declination is found. 

A correcti011 must be applied which depends partly on the relative position of the 
vertical plane of the sights and the vertical plane passing through the opposite zeros of 
the graduated arcs of the compass box and partly on the relative position of magnetic 
axis of the needle and a line passing through the ends of the needle. The error due 
to the first source may be regarded as constant, whereas that due to the latter source 
is variable, depending upon the fluctuations of the magnetic axis within the blade of 
the needle. However, repeated tests have shown that 'V'ith a fairly thin, slender, vertical 
blade and a good initial magnetization of the needle, any variations to be ascribed to 
fluctuations of magnetic axis are on the order of the error of observation, so that the 
total correction may be regarded as a constant, pro1•ided proper care is bestowed upon tlze 
compass. The value of this constant is controlled whenever a station is reached where 
the absolute declination is known from some reliable source. 

The experience has been that with proper care the declination can be secured with 
this simple arrangement, using above method, correct within 2 1

, and that it can certainly 
be obtained as accurately as with the compass cleclinometer, which has a needle con
structed so as to be reversible on the pivot. 

If desired, and in regions where the magnetic prime vertical method is not suffi
ciently accurate, this compass attachment can serve also to set the plane of the dip 
circle in the magnetic meridian for the dip and intensity observations. 
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GE:\'ERAL ACCURACY OF RESULTS. 

The endeavor, in general, is to secure on land declination and clip observations 
whose absolute error (including everything- in\'olvecl-crror of observation and reduc
tion) shall not exceed 2', and that the horizontal intensity be determined within I part 
in 1000. The experience of the Coast and Geodetic Sur\'ey has been, that under all 
of the conditions involved in a campaign of field work co\"ering a large area, including 
the standardization of instruments and the determination of the reduction errors, this 
accuracy can not be much reduced. In ohsen·atory work, with special instruments, or 
when special investigations are made under the best conditions by special observers, 
there is no difficulty in reducing these limits of error. But in a large organization, where 
results must be secured from all kinds of observers, under all conditions, and at times 
under great physical difficulties, and when all the errors are considered before results 
can be utilized, the degrees of accuracy stated must be regarded as satisfact0ry and 
sufficient. It happens, of course, that these limits, for one reason or another, are occa
sionally exceeded, and there may be a few isolated cases in which the errors are two to 
three times the amounts given. 

Some preliminary statements regarding the accuracy reached in the determinations 
of the magnetic elements at sea have been made in the previous sections. 

CO:\IPARISON 01•' IXSTRUl\IEXTS. 

The absolute instruments at the Cheltenham Observatory, comprising declinometer, 
magnetometer, earth inductor, and theodolite, have been adopted as the standard instru
ments to which all other instruments are referred. 

During the year special observations were made at Cheltenham to standardize the 
three Lloyd-Creak clip circles, :N" os. 28, 32, and 33, for use on shipboard. Other instru
ments were standardized as circumstances required, and numerous comparisons were 
obtained as the result of the occupation of the same station by different observers with 
different instruments. . These observations show that few changes are required in the 
instrumental constants adopted last year. The various dip circles used and the correc
tions which ha\·e been applied to the results by each a.re given in the following table. 
The figures after the decimal point indicate the particular needles to which the correc
tion applies; thus 15.24 means clip circle 15, needles 2 and 4. 
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Corrections lo dip drclcs. 

-----·-· 

Dip circle I ="'ccdks Pattern Designn- Corrt:c-
tion tion 

--------- ···---- 1------' 
I I 

I 

I 

5 I ancl 2 Gambcy 5. 12 

I 
-II. 0 

12 1 and 2 Robi11so~1-Bnrrow 12. 12 2. () 
15 2 and 4 Kew-Casella~- 15.24 I 0.5 
18 I nncl 4 Kew-Case Ila t 18. 14 I (J.(J 

20 1 ancl 2 Kew-Casella 20. 12 i -- 3.4 
21 1 and 2 I Kew-Casella 21. 12 6.o 
22 Earth Inductor 22 EI 0.2 
23 2 ancl 2 Kew-Casella! 23. 22 + I. 7 
23 3 Kew-Casella II 23·3 + 0.5 
24 1 ancl 2 French Magnetic Suryey 24. 12 + 6.6 
25 IV ancl VIII Tesdorpf 25.48 3.6 
27 21 ancl 24 'fes<lorpf 27. 14 o. 2 
27 22 ancl 23 Tesclorpf 27.23 I. 8 
27 21,22, 23, 24 'l'esclorpf?. 27 IV 
28 1 ancl 2 Uoycl-Creak II 28. 12 5.4 
32 I and 2 Uoycl-Creak II 32. 12 2. () 
33 1 ancl 2 Uoycl-Creakl 33. 12 0.3 
33 3 I.,loyd-Creakl 33.3 + 5.0 

4655 1 and 2 Kew-Casella 55. 12 I. 7 
56 3 ancl 4 Kew-Casella II 56. 34 I. 2 

5677 I and 2 I Kew-Casella 77. 12 2.4 
5678 I and 2 Kew-Casella 78. 12 I. 2 

··---------. 

Comparatfre observations show that magnetometers Nos. 20 and 21 giye results 
for horizontal intensity less than the standard. The results with these two instruments 
have therefore been corrected as follows: 

Ko. 20 

No. 21 

+.0025 H 
+.0070 H 

Index corrections ha\'e been applied to declination results obtained with compass 
dedinometer or compass needle. Numerous comparisons with other magnetometers 
during the past four years show that declination results with magnetometer Ko. 19 are 
systematically in error by about 1

1
• 5. Declinations determined with that instrument 

have therefore been corrected by 1
1 .5, decreasing west declinations and increasing east 

declinations. The same correction should be applied to results with magnetometer No. 
19, published in Appendix 5, Report for 1903. 

REDUCTION OF THE OBSERVATIONS. 

The general practice stated in the report of the results for the pre\·ious fiscal 
year has been retained. The reductions applied to the field results after they had been 
revised in the Office and referred to the standard instruments are: 

*Needle :::-<o. 2 by DO\·er. 
t Needle No. 1 by Do\·er. 
t One Dover and one Casella needle. 
II Dover needles. 
~In combining results with all four needles double weight is giyen to the regular dip needles 21 

and 24. 
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(a) Referring the magnetic declination results to the mean of the particular month 
in which the observations occur, by the aid of the continuous magnetic observations at 
the magnetic observatories nearest to the station. \Vhere there is much difference in 
magnetic latitude, allowance is made in accordance with the general law of the increase 
of the diurnal variation with increasing dip and decreasing horizontal intensity. 

(b) Applying, for the present, to the dip and intensity results merely the cor
rections necessary for referring them to the adopted standard instruments. 

In accordance with the methods of observation the reduction-corrections for dip 
and intensity are usually of the order of the error of observation. When the observer 
has reason to suppose that a magnetic storm was prevailing at the time of his observa
tions, as judged either at the time or from a careful scrutiny of the work before leaving 
the station, his directions require the repetition of the work. Experience shows that 
the laws of change both of the periodic and a-periodic magnetic fluctuations over as 
large an area as the one under consideration, must be much better known than at 
present before it will be safe to apply reduction-corrections to observations made at 
considerable distance from a magnetic observatory. It was deemed best, therefore, to 
defer these corrections, since they are in general of the same order as the error of obser
vation; they are, moreover, considerably smaller than the station errors due to irregu
larity of distribution of the Earth's magnetism. It is very much questioned whether 
as far as investigations of distribution of magnetic elements are concerned, it will really 
pay to spend the time necessary to determine the small reduction-corrections as it is 
rather the multiplication of stations that is desired than the highest refinement. For 
certain special investigations as, e. g., the secular variation, it is necessary to apply all 
reduction-corrections known with certainty. 

The office work involved in the reduction and revision of results and preparation 
for publication was intrusted principally to Messrs. D. L. Hazard and C. J. Houston, 
Computers, of whose efficiency and faithfulness the writer takes pleasure in making 
acknowledgment. 

ARRANGE:\IENT OF THE TABLES. 

LAND OBSERVATIONS. 

The values of declination, dip, and horizontal intensity presented in Table I are 
arranged by States alphabetically, the results for each State being given in the order 
of increasing latitudes. The latitudes and longitudes are in most cases the result of 
solar observations made with the small theodolite which forms a part of the magnet
ometer. In default of observations the geographic position was scaled from the best 
available map, either the United States Geological Survey topographic sheets, a Post 
Route map, or a Rand & McNally State map. In such cases only the nearest whole 
minute of latitude and longitude is given. The horizontal intensity is expressed in 
terms of the one hundred thousandth part of a C. G. S. unit of intensity of magnetic 
force. The unit used represents the limit of accuracy attainable in the determination 
of the absolute horizontal intensity with the most refined instruments. There appears 
no hope that this accuracy, in absolute measure, will ever be exceeded. This unit is 
therefore a very practical and convenient one, and the late Professor Eschenhagen about 
eight or ten years ago suggested that the Greek gamma (y) be used as the symbol to 
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designate it, the hard sound of g reminding one of Gauss. His suggestion met with 
such favor and fulfilled the practical needs of magneticians so admirably that it has 
been adopted by the leading investigators, and is accordingly used in the tables. · 

In order to include the desired amount of information in the available space, the 
following abbreviations were adopted. Only the month and clay of the date are given, 
since the observations were all made between July 1, r903, and June 30, 1904, unless 
otherwise noted. The names of the months have been abbreviated as follows: 

January Ja. July Jy. 
February Fe. August Au. 
:\larch Mh. Septcm ber Se. 
April Ap. October Oc. 
:\fay ::\[y. ::-1 O\"em ber ~o. 

June Je. December De. 

In the column .headed ''Instruments,'' M. stands for ''magnetometer'' and D. C. 
for "dip circle." Italicized numbers in the magnetometer column mean that the 
declination was determined with a compass declinometer of the number given. 

When the declination was determined with the compass attachment of the dip 
circle, the letter C is placed in the magnetometer column. The dip circles have been 
given th~ designations indicated on page 223, the figures after the decimal point denoting 
the needles used, as already explained. The letters BF refer to a small magnetometer 
called the Bache Fund, which is used in connection with Dip Circle :No. 27 to determine 
the horizontal intensity. The magnet used to deflect the dip needles Nos. 22 and 23 

is suspended for ·oscillations in the Bache Fund magnetometer and is also used to 
determine the declination. 

The, observer is indicated by the initials of his name. The names of the observers 
are as follows: 

\V. D. Alexander. H. F. Flynn. J. B. Miller. 
J.P. Ault. A. E. Franklin. H. C. Mitchell. 
J. Bach. J. J. Gilbert. C. E. Morford. 
B:A. Baird. G. D. Harris. R. E. Nyswander. 
S. J. Barnett. D. I,. Hazard. G. B. Pegram. 
L.A. Bauer. J. S. Hill. H. 0. Pixley. 
J. B. Baylor. \\'. ::\1. Hill. E. D. Preston. 
H. L. Beck. C. J. Houston. E. C. Sasnett. 
J.E. Burbank. W. B. Keeling. E. Smith. 
S. A. Deel. S. M. Kerns. L. B. Smith. 
R. Il. Derickson. J. :11'.. Kuehne. D. C. Sowers. 
P.H. Dike. F. M. I,ittle. A. T .. Stiles. 
H. 1\1. W. Edmonds. J. E. McGrath. H. ::.\1. Trueblood. 
W. B. Fairfield. H. L. l\1ar)n<lin. W. F. Wallis. 
R. L. Faris. C. J. ::Vlctlicka. H. I. \Voods. 
0. L. Fassig. J. W. :\lilburn. C. C. Yates. 
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SEA OBSERVA'fIO::\'S. 

The results obtained at sea from swings of ships during the period January r, 
1903, to June 30, 1904, are presented in Table II. The general arrangement is indi
cated by the headings. The month is abbreviated as in Table I and the last figure of 
the year is prefixed in the date column. The names of the ships taking part in the 
work and their commanding officers are as follows: 

Bache 
Blake 
Gedney 
Hydrographcr 
Patterson 

R. L. Faris and E. B. Latham 
P. A. Welker and J. B. Boutelle 
E. F. Dickins 
W. I. Vi1;al and W. E. Parker 
J. F. Pratt 

Unless otherwise indicated the ship was swung with both starboard and port helms. 
In the column headed " Sea," Sm means smooth; Sw, swell; H vy, heayy, and l\Iocl, 
moderate. 

TABLE I.-Rcsults ef ma.r;nctic observati'ons on land, Jul.Jr I, £903, lo June 30, £901. 

ALABA:\IA 

Station 
I , I ! j Hori- Instruments 
I ! I Dccliua- : zontnl 
'1· I ... ntitude l l..ongihtde' Date tion ·1 nip iutc1'i- ----. -··-I Obsen·er 

i sity · :-.r. I IJ. c. I 
______ I _____ _! ___ -'----1---:------ - i-1- --1-----

Binningham 
Ashville 
On eon to 
Gadsden 
Center 
Gunters\'ille 
Fort Payne 
Scotl5boro 

0 0 

33 31. 4 86 50. 3 
33 so. 6 86 rs.7 
33 57· 7 86 27. 7 
34 oo. 7 86 oo. r 
34 IO.I 85 41.4 
34 22. 0 86 20. 6 
34 28. 7 85 42. 4 
34 41.9 86 or.6 

I 

East J J. 

o I O I y 
De. 2r, 22 2 52. o 1 64 27. 2 25132 I BF 27 IV I I,. B. S. 
De. 18 I 2 51. 3 ' 64 53. I 24750 ·BF 27 IV Do. 
De. 24, 25 I 2 38. 7 1 64 55. 3 24735 I BF' 27 IV Do. 
De. q 2 07. 5 : 65 07. 2 24630 BF I 27 IV Do. 
De. 15, 161 l 56. 6 ' 64 57. 4 246o1 i BF i 27 lV Do. 
De. 4, 5 2 58. 4 65 33. 6 2436o BF: 27 IV Do. 
De. lo,11 1 38.4 65 27.6 24349 IBFJ 27IV Do. 
De. 1, 213 21.8 · 66 15.3 123531 '. BF

1 

27IV Do. 

-------------------

Dutch Harbor 
no. 

Iphigenia Bay 
Gull 
Surf 

Do. A 
Lichen 

Do. A 
Black 

Do. A 
Do. B 

Green 
Do. A 

\Varren 
Do. A 

Heather 
Do. A 

Albans 

o I ! o 

53 53· 4 1r66 32. 1 . Jc. 
53 53. 41166 32. 1 I Oc. 

5S44·9 13344.4'Se. 
55 49· 9 .133 37. 9 i Se. 
5S 49· 9 1133 37. 9 Se. 
55 54.0 :133 so.5' Se. 
55 54· o I 133 50. 5 Sc. 
55 52. 3 ,133 45. 7 . Se. 
55 52. 3 1133 45. 7 i Sc. 
55 52. 3 ·r33 4S· 7 ' Se. 
5S S4· 4 J133 37. 2 1 Sc. 
55 54. 4 ; r.·'3 37. 2 

1 

Se. 
SS 56. 2 1133 53· 7 1 Au. 
55 56. 2 1133 S3· 7 1 Au. 
55 56. 6 j133 48. 9 , ~c. 
55 56. 6 

1

133 48. 9 
1 

Se. 
56 04. 8 133 58. 3 , Au. 

AI,ASKA 

East 
I 

27 17 57 . .3 
I 

12 29 03. 6 
8 29 01.0 
8 29 00.4 
4 26 05. 7 
4 26 37. 6 
7 28 25. 0 

7 28 33. 2 
7 28 24. 6 

21 29 28. 3 
2r 29 22. r 
31 32 05.9 
31 30 47. I 

2128 32. 5 
2 28 34. 4 

29 29 08. 7 

0 
y --1 -- 1-

66 55. 6 I 20973 ! 20 32. 12 H. L.B. 
67 o6.o I 20911 I 11 15. 24 j J. W. l\I.· 

jNt C. E.1\1. 
14-1 i J. B. l\i. 
,744 I Do. 
/44 A. T. S. 
IN/ I Do. 
744 J. n. I'll. 
1NI I Do. 
1744 Do. 
'744 C. E. M. 
17N Do. 
:N4 A. T.S. 
1741 Do. 
j744 Do. 
·744 Do. 
1744 Do. 
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TABLE I.-Rcsults ef ma_s;nctic observations on land, ck.-Continue<l. 

ALASKA-Continued . 

Station I~ntitude Obst.."rvcr 

.... --.. ---,I --------1-- -·---,------~ori- ! Instruments I 

I~011gitudc Date D~i~~~ia- ! Dip f~~~~~ I 
1 

--------1----- , _______ 1 i __ si_t)_'_J~'.~:~ 
i I , East I 

Sitka J11ag. Obsy. 
Do. 
Do. 

Vicinity of Juneau 
Station 14 

" 17 
" 18 

23 
15 
13 
16 
II 
12 

19 

Treadwell 
Do. 

Station 30 
" 31 
" 32 
" 33 
" 34 
" 35 
•. 36 
" 3i 
" 38 
.. 39 

20 
29 
4 
7 

24 
2 
l 

9 
25 

" 28 
" 26 

Juneau School 
Station 22 

Juneau Hill 
Station 5 

" 8 
IO 

" 3 
21 
27 

Yakutat 
Orea l 

Do. 2 

;7 o~. 9 , 1;5 2~. 2 Dc.-Ja. i2~ 55~ 8 ;4 4;. 4 . 
5702.9:13520.2 Jy. 12•2954.6 7448.91 
57 02. 9 135 20. 21 Jy. 23, 24 i.. . ... ! 74 50. I , 

5811.9113415.4 Au. 23054.7 7546.81 
5812.4\w22.1 An. 3

1
3109.5 7525.4 

58 13. o 1134 30. 2 Au. 4 .31 07. 8 I 75 38. 7 
58 13. 3 134 17. 4 Au. 13 30 12. 2 . 75 41. o 
58 13.7 134 15.8 Au. 2131 39.2 76 02.5 
58 14. 4 •!34 17. 4 Au. 2 ·32 32. 3 i 74 44. 2 
58 14. 7 1134 20. I Au. 3 !29 31. S I 75 31. 2 
58 15. l 134 20. 6 Au. l 24 05. 9 75 04. 7 
58 15. l ;134 18. 7 An. r I 9 40 .. 7 

1

. 75 58. 8 
58 15. 2 

1
134 37. 81 Au. 4 1 oS. 1 75 39. 6 

I IVi-st ' 
58 15. 2 134 20. 9 , Au. 5

1

. 174 SS · ...... , 
58 15. 2 134 20. 9 An. 22 158 27 89 21. 1 I 

I ! East 
58 15. 2 134 20. 9 I Au. 18 1 11 02 86 12. 4 , 
sS 15. 2 134 20. 91 Au. 19 I 44 JO 84 47. 7 I' 

58 15. 2 i134 20. 9 Au. 19 ;1/0 IO . 81 53. 6 
58 15. 2 ;134 20. 9 . Au. 19 '150 15 87 33. 4 . 
58 15. 2 134 20. 9

1

1 Au. 22 85 43 j 85 09. 6 
58 15. 2 j134 20. 9 Au. 22 I 89 24 88 Ill. 5 
58 15. 2 .134 20. 9 , Au. 22 57 17 SS 41. 2 
58 15.2 134 20.9. Au. 22 I 48 09 1· 89 17.0 
58 15.2 ;134 20.9 Au. 24 ·126 05 . 87 35.0 
58 15.21134 20.9 i Au. 24 Indct. 89 59.4 

' I I West 
58 15. 2 1134 20. 9 Au. 24 137 16 
58 I 5. 2 134 20. 9 Au. 24 78 53 

f~'ast 

89 00. l 
88 38.0 
87 25. 0 58 15. 2

1

.134 20. 9 Au. 24 66 09 

5815.3
1
13420.8 Au. 4-18 1607.3,7711.4! 

5815.3•1342<>.9 Au. 18 1627.67707.61 
58 15. 41134 21. 4 Jy. 25 36 13. 811 75 o6. 9 ·1 
5815.813420.1 Jy. 28 3012.07639.3 
58 16. 3 134 21. 2 Au. 13 32 40. 6 76 w. 8 
58 16. 4 134 23. 0 Jy. 20 33 03. 2 75 36. 3 ' 
58 16. 5 134 23. I Jy. 17 32 56. OI 75 38. 6 ! 
5817.0113424.4 Jy. 29 3209.0,7540.4 
58 17. 4 ·134 23.5 Au. 14 32 29. 1· 75 41. 7 , 
58 17. 6 1134 40. 8 j Au. 17 . 30 54. 4; 7S 40. o I 
58 17.S 134 26. o Au. 14131 57. 8 7S 35. 6 
58 18. o :134 24. 8 Au. 24-29 31 51. 9. 7S 38. 7 
58 18.0 134 25. 1 I Au. 12 I 31 50. o: 75 38. 3 I 
58 18. 2 ·134 24. 3 Jy. 27 ' 33 33. 1' ..... . 
58 18.31134 23.0 I Jy. 27, 31 39.4 75 ss.81 
58 18.4 134 26.2: Jy. 291· 31 43°41 75.33·4' 
58 18. 4 , 134 24. o ; Au. I ,,2 16. 31 76 02. 7 
58 19.7 134 28.3. Jy. 22,23, 31 4r.o 75 36.6 
58 20. 61·134 29. 8 At1. 10, 15 31 28. 21 75 36. 4 
58 20.6 134 32.1 I Au. 15 31 18. 2i 75 46. 8 
59 33.7 :139 46.8 Au. 2 ...... , 75 54.7 
6o 34. 7 1145 41. 2 · Au.-Se. . .... ·I 75 21. 5 ' 
6o 34.7

1
145 41.2 Sc. 22 ....... 75 18.0' 

y 
15448 
15430 
15504 

25 I 25.48 1H.::.\I.W.g 
21 24.12 S.J.H. 
II I 15. 2.1 I J. w. :\1. 

I 

14551 
14&>9 
147o6 
14666 
14559 
15484 
14831 
15673 
14429 
14626 

21 i 24. 12 
2 l 24. I 

21 I 24. J2 
21 i 24. I 
21 24. I 

21 1. 24. l 
21 24. I 

s. J. n. 
Do. 
no. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

21 I 24. l 
21 24. l 1. 

21 24. l 

i 

21 

c 

4495 ! c 
c 
c 
C" 

I 
..... I 
24. 2 

24. I 

24. I 
24. I 

24. I 

Do. 
Do. 

s. J. n. 

c ~4-2 

Do. 
no. 
Do. 
no. 
Do. 
Do. 
Do. 
Do. 
Do. 

c 124. ,2 c 24. 2 
c 24.2 
c 24. 2 : 
c 24.2 

c 
c 
c 

15129 21 
14330 21 
15391 1 21 
140,"16 : 21 
14223 I 21 
14767 ' 21 
14680 21 
14681 ! 21 
14658 21 
I4S95 I 21 
14688 21 
14628 ' 21 
14635 I 21 
15492 ' 21 
14341 I 21 
14735 21 
14335 21 
14722 ! 21 
14668 21 
14510 21 
14476 II 
14846 I I 
14870 II 

24. 2 
24. 2 
24. 2 

Do. 
Do. 
Do. 

24. I Do. 
24. l Do. 
24. I Do. 
24. I Do. 
24. 12 Do. 
24. 12 Do. 
24. 12 j no. 
24. I Do. 
24. 12 Do. 
24. 12 Do. 
24. 12 Do. 
24. 12 Do. 
24. 12 Do. 

~4."; · 1· g~: 
24. I Do. 

~t ~~ I g~: 
24. 12 Do. 
24. 12 ; Do. 
15. 24 ! J. W. M. 
15. 24 I' Do. 
15. 24 Do. 
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TABLE !.-Results ef magnetic obscrmtions on land, etc.-Continued. 

CALIFORXIA 

----------------,---------

1

,--1 -----,--I-io_r_i_-:-; -lt-1s-tr_11_11_1e-11-ts-i -----

i I Declinn- i zont·1l 
Station 

Santa Cruz 
San Jose 
Palo Alto 
Presidio Hill, San 

Francisco 
Do. 

Goat Island 
Berkeley 

Delaware Break
water 

Washington 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

\Vashington near 
Zooloi,rical Park 

Do. 

Statesboro 
Trenton 

Latitude '. J,ongitudc 

1

. Dale tion I Dip lute;,. 1----
sity. ; :\I. D. C. 

I , 
-J 1--[! East '[ 

0 01 0/ 0 y 
36 57. 0 ;I22 01. 6 I Ap. 26, 27' 16 53. 0 ! 6I 39. 0 25703 
37 18. o ,I2I 52. o My. 3, 4'I8 I3. 2 61 44. 2 26216 
37 25. 7 1I22 10. 2 [ Ap.30,Ma.2,17 I4. 6 61 53. 6 25500 ; 
37 47. 5 \122 27. 91 Ap. 2I, 22.I6 54.6 62 54. 7 24817 , 

I I , 
, 37 47.5 I22 27.9 f Ap. 22'.. , 62 52.61 ····· I 
: 37 48. 8 1122 21. 7 i My. JI~ 12 17 36. 5162 15. 3 25328 i 
·3752.2jI22I5.61My. 7,9,1738.6 62,17.9 25310

1 

DELAWARE 

20 -I5. 241 
20 15. 24 
20 15·H 
20 IS.24 

32. 12 
20 r5.24 
20 15.24 

Observer 

--·---

D.L.H. 
Do. 
Do. 
Do .. 

Do. 
Do. 
Do. 

-----------,--------,------,--...,.----- ,.,,, ___ ........ .. 

I II fl West o I lo I o I 

38 47.9 75 o6.2 ,

1

' Se. I2,28 5 45.7 

i 

,737 ( 

I 

DISTRICT OF COLUMBIA 

--T-----.-- .. 
West 

0 0 0 y 
38 53. 2 77 00.5 Oc. 2I 5 I4.6 

69 56: 4 J 

20276 I 31 
38 53.2 77 00.5 Oc. 22 5 14.8 ..... :BF 27. 14 
38 53.2 77 00.5 De. 22 

I 
5 14.4 69 55. 2 20324 I9 55. I2 

38 53. 2 77 00.5 De. 31 20282 IO 
38 53. 2 77 00. 5 Mh. 3 is IS.8 2028o 21 
38 53. 2 77 00.5 Ap. 6-9 5 15. 2 20290 IO 

I 38 53.2 77 00.5 l\Ih.-l\Iy. 69 55· 9 I 18. 14 
! 38 53.2 77 oo. 5 :My. 3-27 69 56. I , 20JI2* 23. 22 
i 38 53. 2 77 00.5 My. 2-19 I 69 54. 6 I 2030<1 . . 156.34 

38 53. 2 77 00.5 Je. 28-30 . . . . . . 20292 . . 56.34 
: 38 55. 2 77 02.5 / Je. r5-18 4 21. 8 I 70 25. 7 . 20110 I 8 . 23. 22 

138 55. 2 
I 

! 70 27. 4 I 20I05*, 
i 

77 02. 5 ; Je. I6 
I 23.3 

I I I 

GEORGIA 

H. I,. l\I. 

D. I,. H. 
Do. 
Do. 

J.E. R. 
D.L.H. 
P.H.D. 
Various 

Do. 
Do. 
Do. 
Do. 

Do. 

---·--·-· 

0 I I 0 I ·1 I
. East 

---1- I 

32 27. 3 I 8I 47. 3 Fe. 
34 54. 6 : 85 30. o . De. 

: I 

o I o 

25 ' 0 5 I. 9 63 43. 4 
7, 8 ' 2 34. 2 : 66 o6. 2 

! I 

y I 

25166 I' 19 I 55. 12 
23928 BF I 27. IV I 

F.M.L. 
L. B.S. 

----------------- ----- --------- --------------' -----
*For the values iu italics, the total iutensity as determined by J.loyd's method was combined with t11e observed 

value of dip for the statiou. 



APPENDIX NO. 3. RESULTS OF :MAGNETIC OBSERVATIONS. 205 

TABLE !.-Results~! magnetic observations on land, e/c.-Coutinued. 

Station 

Dano Island 
Merizo 
Umata 
Agat 
Sou ma ye 

Do. 
Do. 
Do. 

Agaiia 

Honolulu 
l-/011olu!u llfag-

11ctic Obs'y 
Nonopapa 
Hanapepe Bay 

Do. 2 
\Vaimea 
Kii 

Marion 
Cottonwood Falls 
Emporia 
Council Gro\•e 
Baldwi11 llfag11etic 

Obs'y 
Do. 
Do. 
Do. 
Do. 
Do. 

GUAM 

! 
r I Hori- Iustnnnents 

Latitude : I,ongitude i Date D~T011~n-; Dip ~~:~.~~ Obsen·er 

I I sity ; :II. D. C. 

1

1

- ;~st--. East i-- -,---
1

-!--- -·----

o 01 I 01101. I 
13 13. 9 ir44 38. 3 II No. 12 1 42. 6 1 15 ' 
13 15. 9 144 39. 5 . No. 12 I oo. 2 · 15 

E.S. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

13 17.8 ,144 39.3 No. 13 o 48. o : 15 I' 

13 23. 9 1144 39. 2 Oc. 19 2 21. 3 ! 15 
13 26. 4 :144 38. 7 I Au. 15-18 2 23. 8 ' 14 36. 7 15 12. 12 
13 26. 4 144 38. 7 , Oc. 1 2 20. 6 i 15 J 

13 26. 4 1144 38, 7 i :N°o. IO j 2 20, 8 ! 151 
13 26. 4 1144 38. 7 J De. 17 2 22. 8 ' 15 
13 28. 3 .144 44. 4 , Au. 24 ! 2 45. 4 15 

o I ii O I 

21 18.o 157 51.5 
21 19. 2 1158 03. 8 

21 52. 0 1160 13. 7 
21 54 1159 36 
21 54 .159 35 
21 57,4 159 40.2 
21 58. 6 1160 03. 3 

I -'---~---
HAWAII 

East 
0 0 y 

Se.-No. IO 30 i743 W.D.A. 
De. 19 19. 2 40 12. 2 29176 ! 22 22EI S.A.D. 

De. IO, 18 1743 S.M.K. . 9 04 
Fe. 25 112 28 [742 I J.W.M. 

'Mh. 5,8 12 17 742 Do. 
De. 29 IO 19 INJ I W.D.A. 
De. 21 110 35 743 , S.M.K. 

I I -------

KANSAS 

0 I 0 I ! 
38 21. 3 97 or. o 
38 24. 2 I 96 3 r. 6 
38 24. 9 i 96 l 2. I 

38 41 ¢ 29. 5 
38 47. O 95 Io. O 

__ T________ l 

Je. 27-29 
Je. 23, 24 
Je. 21 
Je. 18,20 
De.-Ja. 

o I o I y East . I 
9 03. 5 ~ 67 47. 6 22621 BF 27. 14 R. E. N. 

38 47, 0 95 IO. 0 

38 47. 0 95 IO. O 

38 47, 0 95 10.0 
38 47,0 • 95 10. 0 
38 47,0 I 95 10.0 

I 

Jy. 1-3 
Se. 4-25 
Ap. 6 
l\ly. IO, II 
Je. 8-13 

9 12. 4 i 67 37. 7 ,
1 

22765 BF 27. 14 Do. 
9 57.0 j 67 56.3 22558 BF c7.14 Do. 
9 18. o · 68 16. 3 1 22298 BF 27. 14 1 Do. 
825.8'6839.9[21875 30 5.12l

1

J.P.A.& 
I j D.C.S. 

8 26.9 i 68 40.8. 21911 IO 78.12 H.I.W. 
8 27. 2 I 68 42. 3 I "21883 Io 78. 12 L. B. S. 
8 25.0. 68 41.1 ...... ,BF 27.q I Do. 
8 27.4, 68 41.1 I ..... IBF: 27.14 Do. 
8 26. 5 68 40. 5 · . . . . . BF : 27. 14 : R. E. K 

__ 1 ____ ! _____ L ____ . __ 
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TABLE !.-Results ef JJUlJ[1ldic obscnmtions on land, etc. -Continued. 

KENTUCKY 

-------· ---··- -···--------
Hori- ; Instruments . 

Station Latitude Longitude. Date Declination !lip zontal ····-··---·-- Observer in ten-
sity :\L D. C. 

--------- -- ·--- ------ ·---- ------
0 I 0 I y 

Williamsburg 36 44.9 84 08. 7 Jy. 6~ I 05.9 E ; 68 IO.O 22268 I9 55. 12 F. :\I.L. 
Pineville 36 46.9 83 4 I. 2 Jy. IO l 15.9 E 67 56.3 22516 19 55. I2 Do. 
l\lonticello ' 36 50.8 84 51. 2 'Oc. IO. 4 07. 2 E i 67 42. 3 22631 I 19 55. 12 Do. 
Barbours\·ille 36 51. 4 ~~ -~~: ~ ! };'.: 

8; 0 09. 3 \V ; 68 I6. 4 2~344 19 55. 12 Do. 
Harlan 36 51. 7 15 I I 01. I \V I 68 37· 9 217.'>7 I9 55. 12 Do. 
Somerset 37 05.6 84 36. 9 . Oc. !;, 9 I 16.0 E . 68 20. o 22503 19 55. 12 Do. 
Whitesburg 37 07.0 82 50.3 !Jy. 17 i 0 46. I \V I 68 25.3 21890 19 55. 12 Do. 
London 37 07. I 84 04.0 Jy.30,Au.1 0 46.0 I~ 68 53.7 21548 19 55. 12 Do. 
Hyden 37 09.5 83 23. I : Jy. 24 0 41. 0 E 69 09.5 21275 I9 55. 12 Do. 
Manchester 37 09. 5 83 45. 9 : Jy. 27 i 0 23. 2 \V 69 06. 2 2I358 I9 55. 12 Do. 
Hazard 37 15.0 83 II.2 'Jy. 22018.5 \\' I 68 44. 9 2I546 19 55. 12 Do. 
Hindman 37 19. 2 82 58.5 Jy. 20 i 0 02. 6 w I 68 49. o ! 21537 ; 19 55. 12 Do. 
McKee 37 26. I 83 59.0 Au. 16,031.2 E 69 08. 9 21178 ' I9 55. 12 Do. 
Boonville 37 28.5 83 40. 0 Au. 15. () 14. 3 \V 68 57.3 . 21238 I9 55. 12 Do. 
Pikeville 37 29.0 82 31. 2 Se. 4 1 0 46. I w 68 39. 8 i 21943 19 55. 12 Do. 
Jackson 37 33. 3 83 22.8 Au. 2I I I 15.5 ·E 68 58. I 213I2 19 55. I2 Do. 
Beattyville 37 34.6 83 4 I. 8 Au. II. 0 o6. I \\' 69 02.8 21293 19 55. 12 Do. 

Do. A 37 34.6 83 41. 8 Au. II 0 04.2 w 19 Do. 
Lancaster 37 36.9 84 32.4 Oc. 71 2 53.3 E 69 o5.9 2I580 I9 55. I2 Do. 
Prestonsburg 37 40.6 82 45.4 Se. 2 0 06. I w 68 52. I 216o4 I9 55. 12 Do. 
Irvine 37 42.2 83 58. I Au. ·I2, I3 0 14.6 E 69 I I. 9 2!041 I9 55. 12 Do. 
Campton 37 43.6 83 32.3 Au. 8 I 23.3 E 68 46. 7 21597 19 55. I2 Do. 
Salyersville 37 45.0 83 04.8 Au. 29; 0 14.6 E 69 02.8 21417 19 55. 12 Do. 
Harrodsburg 37 45.6 84 49.8 Oc. 3· I ,31.5 E 6911.1 2I346 

:~ I 
55. 12 Do. 

Pain ts ville 37 48.8 82 48.6 Au. 3I 0 08.3 \V 69 03.5 21466 55. 12 Do. 
Stanton 

13751.0 83 50.4 Au. 6 I 00. 0 E 69 04.3 21399 I9 55. I2 Do. 
Inez 37 52.0 82 34.0 Se. 17, 18: 0 36. I w 69 I I. 6 21464 I9 ' 55. 12 Do. 
\\'est Liberty 37 55.3 83 16.4 Au. 25. 0 39. 9 E 69 IO. l 2I328 19 . 55. 12 Do. 
Frenchburg ' 37 57. 2 8,, 36. 4 Au. 4 0 16. 7 \V 69 12. 7 21358 19 I 55. I2 I Do. 
Lawrenceburg ! 38 02. 4 84 53.2 Oc. 2 I 53· 7 E 69 39.5 20894 I9 55. I2 Do. 
Versailles 38 03.7 84 43. 2 Se. 29, 30. I 00. 3 E 69 46. I 20880 19 I 55. 12 Do. 
Sandy Hook 38 04 83 08.2 Au. 26, 27' 0 48.3 E 69 21. 2 21316 19 I 55. I2 I Do. 
Louisa 38 o6.8 82 34. 6 ·Se. I2-14. 0 33. 9 \V 69 31. I 21109 I9 55. 12 Do. 
Georgetown 38 13. 2 84 33. 21 Se. 28' u 39.5 E 69 31. 0 20896 19 · 55. 12 I Do. 
Owenton 38 33 84 51. 3 Se. 25 I .'>4· I E 69 48. 2 20781 I9 . 55. 121 Do. 
\\'illiamstown 38 38.5 84 35. 5 Se. 24' I 32.5 B 69 35. 7 20959 19 55. 12 Do.· 
Falmouth 38 40 84 21.8 1se. 22, 23 I I 20. 9 E 69 43·9. 20992 19 55. 121 Do. 
Brooksville 38 41. 2 84 07. 1 I Se. 21 . 0 54. 7 E 70 oo.o 20693 19 55. I2 Do. 

I ··--·------
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TABLB I.-Results ef magnetic observations on land, dc.-Continued. 

Station Latitude ! l,ongitudc 

I 
---·--j·-

LOUISIAXA 

Date I Declinn-1 
I \ion I Dip 

Hori· 1 lnstru111ents 
zoutnl 
iuten. --·---

sity ; M. ~ D. C. 

'---·-1- --- -- --
i East / J I I 

207 

Observer 

a lo' ,o, 1o, -rl 
Pointe a la Hache , 29 35. 7 

1
. 89 47. S Ja. 2 I 5 22. 9 , 59 47. 6 / 27735 I BF/ 27 IV L.B. S. 

Cote Blanche · 29 44 . 91 43 Fe. 16 · 6 17.8 j .•..•. I ...... C56 ........ G.D.H. 
Franklin 29 48. 5 91 30. o 

1 

Ja. 7, 8 . 6 05. 6 · 59 42. 5 . 27872 I BF 
1 

27 IV L.B. S. 
Do 29 48. 5 I 91 30. o Ja. 5-13 I 6 05. 9 j 59 41. 7 -

1

· 27860* C56 56. 34 G.D. H. 
Baldwin 29 49. 2 91 36 Fe. 15, 18 , 6 07. 7 59 40. 2 , 27999*' C56 1 56. ,34 Do. 
Grande Cote 29 50. 2 I 91 47 Ja. 15-20 . 6 13. 2 1 59 36. 8 i 2800]* C56' 56. 34 Do. 
St. Bernard 29 52.6 '89 51.0 De. 30 1 5 30.u I 6o 02.4 '27640 BF' 27IV L.Il.S. 

Do 29 52.6 · 89 51.0 Fe. 5 j 5 30.4. 6o oo.2 f 27678 I 21!32.12 L.A.B. 
Do 29 52.6 I 89.51.0 Mh. 23 · 5 28.9 I 6o 01.8 · 27690 ,BFI 27IV L.B.S. 
Do 29 52. 6 I 89 51. o -"Jh. 25 

1 
5 26. 6 

1 
59 54.9 I 27754*1 C56 56. 34 G.D. H. 

Avervs Island 29 55 91 53 I·e. 19 6 21. 6 · ...... [ ..... J C56
1
....... Do. 

Greti1a I 29 56. 2 I go 03. l Ja. 5, 6 1 5 40. l i 60 or. 9 . 27650 BF. 27 IV L.B. S. 
Abbeville 29 58 · 92 07 Mh.22,23 6 28.1'5941.6127845*,C56/ 56.34 G.D.H. 
Kew Iberia 30 oo 91 48 · Fe. 18, 19 I 6 18. 4 I 59 49. 3 I 27927* C56 1 56. 34 Do. 
St. Martinvjlle 30 08 91 49 I Fe. 12, 13 1 6 22. 2 I 60 oo. r . 27853* C56j 56. 34 Do. 
Crowley 30 12 92 20 · Mh. 8 i 6 31.8. 6o 04.6 127727*1C56· 56.34 Do. 
Jennings 30 12 92 37 ~ ::-._11i. 16 · 6 38. o I 6o 03. 5 27718*! C56! 56. 34 Do. 
Lafayette 30 13 92 uo I I•e. 2, 4 ' 6 32. 4 I 60 09. 4 27633* C56 1 56. 34 Do. 
Lake Charles 30 14. 2 93 13. o Ja. 1 l ; 6 50. 5 I 6o 02. 4 27695 ; BF 27 IV L.B. S. 
An~e la Butte 30 15 j 91 56 I Fe. l j 6 26. 6 . . .. . . . .... ,C56 1 

....... G.D. II. 
Ernngeline 30 16. o . 92 33 I Mh. rr 6 39. 2 I 59 57. 9 27842*/ C56/ 56. 34 Do. 
Plaquemine 30 17. 7 I 91 15. 3 . :\1h.25, 26 I 5 51. 2 i 6o 30. 4 27367 j BF J 27 IV L.B. S. 
Springville 30 26 ! 90 40. 9 

1 
::\Ih. 19, 21 , 5 41. 9 · 6o 42. o -

1 

27234 I BF· 27 IV Do. 
Opelousas 30 33 J 92 04 J Fe. 10, 11 1 6 22. S 1 6o 20. 6 27575* C56 J 56. 34 G. D. H. 
l\Iarble Quarry 30 47 . 92 28 I Fe. 27, 28 6 44. 9 I 60 46. 7 ! 27027*1 C56 56. 34 Do. 
Oakdale · 30 48 [ 92 38 ::\fh. 1, 2 , 6 43. o . 60 41. 4 ·

1 
27172* C56 1 56. 34 Do. 

Franklinton 30 52 . 90 09. 2 ' Mh. 17, 18 1 5 33. 9 1

1 

61 04. 8 26973 I BF j 27 IV L.B. S. 
Cheneyville 30 59 ! 92 18 j Fe. 24 6 38. 2 60 58. S I 271p•, C56 · 56. 34 G.D. H. 
Marksville 31 07 / 92 03 . Fe. 25 1 6 32. 7 I 61 03. 2 27188*' C56 1 56. 34 Do. 
Leesville 31 Io. 7 93 15. l ! Ja. 13, 14 I 7 02. 2 · 6o 59. 8 I 27072 I BF I 27 IV L.B. S. 
Alexandria 31 19. S I 92 25. l I Fe. 16, 17 i 6 38. ~ I 61 14. o I 26982 I ~FI 27 IV Do. 

Do. 31 19.8 I 92 25.1 I :\ih. ·2 · 6 39.8 I ...... I ..... 1c56 ....... G.D.H. 
Colfax 31 32. 2 . 92 42. l . Fe. 15 i 6 42. 8 i 61 28. 7 I 26823 .

1 
BF 1 27 IV L. B. S. 

Many 31 34. 4 I 93 29. 4 I Ja. 15 : 7 04. 6 61 30. 7 : 26856 , BF 1 27 IV Do. 
Vidalia 31 34. 7 j 91 26. 3 I Mh. 4, 5 .

1 

6 03. 6 I 61 38. 5 I 26722 / BF 1 27 IV Do. 
Xatchitoches 31 45. 8 

1 
93 03. 9 Fe. 13 6 44. 4 i 61 39. 5 J 2675 l I BF i 27 IV Do. 

Harrisonburg 31 47. 2 , 91 49. 4 1 Mh. 2 6 17. 3 61 56. 2 26546 BF 27 IV Do. 
St. Joseph 31 56. 5 ; 91 14. 41 Mh. 7, 8 6 03. 6 i 62 08. 2 / 26437 J BF 27 IV Do. 
Winnfield 31 56.9 , 92 36. 4 Fe. 9 6 48. 6 j 61 53. 9 I 26552 I BF 27 IV Do. 
Coushatta 32 oo. 9 1 93 21. 9 ::\Ih. 28 6 57. 3 61 51. 9 26596 I BF 27 IV Do. 
Mansfield 3202.9

1
9341.4IJa. 18 700.6 1 6153.4l26582:BF 27IV Do. 

Winnsboro 32 09 91 42. 3 I Fe. 29 6 12. 9 62 15. 8 i 26348 I BF 27 IV Do. 
Tallulah 32 25. l 91 12. o Fe. 23, 24 6 oo. 7 I 6i 33. 4 r 26190 I BF 27 IV Do. 
Rayville 32 28 91 45 I Fe. 25 6 18. 7 I 62 36. 3 1 26166 BF 27 IV Do. 
l\lonroe 32 30. 3 92 05. 9 . Fe. 19-22 6 26. 6 62 33. 7 i 26214 I BF 27 IV Do. 
Shreveport 32 31. o 93 45 .. 9 I Ja. 20-23 6 59. l I 62 23. 7126357 I BF 27 IV Do. 

Do. B . . . ... j Ja. 25 6 56, o I . . . • . . . .... i BF Do. 
Ruston 32 32. 6 92 37. 4 i Fe. 4 6 45. o I 62 33. 2 26157 i BF 27 IV Do. 
Arcadia 32 32. 8 92 55. 8 I Fe. 3 6 49, 8 1 62 33. 2 I 26204 BF 27 IV Do. 
Minden 32 38. 4 93 16. 7 ; Ja. 26, 27 7 01. I ; 62 32. o 26253 I BF 27 IV Do. 
Benton 32 40 I 93 43. 9 ' Mh.30, 31 7 04. 6 62 41. 6 / 26120 I BF 27 IV Do. 
Floyd 32 42. 3., 91 23. 8 I Mh. 12, 14 6 14. 5 I 62 59. o 1 25896 I BF 27 IV Do. 
Farmerville 32 46 ' 92 23. I 

1
- Fe. 6 6 39. 9 ! 62 50. 3 · 26o51 I BF 27 IV Do. 

Bastrop 32 46. 6 ' 91 54. 2 Fe. 26, 27 6 19. 7 1 62 53. 5 I 26o53 BF 27 IV Do. 
Lake Providence 32 48 I 91 09. 5 I Mh. 10 6 04. 4 I 62 58. 1 2594 7 I BF 27 IV Do. 

Homer ____ : 3~- ~~:~ __ :_:~ ~3~4-1 ~~·-29~~: ~~~7_:~~ 46._~L56 !~~J_2_7_I_v--'-__ n_o_._ 

*For the values iu italics, the total intensity determined by Lloyd's method was combined with the observed dip. 
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TABLE !.-Results ef magnetic observations on land, etc.-Continued. 

::vIAINE 
-·-------,-----,------,----------;-----;----;------.,.-----

I I I I I Hori- Instnunents I 
3tAtion 

: I,atit~de I. _I •. o.'._'g-it-ude 

1
. ---D-a-te __ I D~I~~ia- Dip j,~:'.,~~-I --!-----·1 Ob"erver 

------i o / I o / : olVe;t --o-- ! ·:' l~f~ -- -
43 20 5 [ 10 28 I I Oc. 24 i14 12. 4 73 57. 7 16626 ! 8 i 21. 12 J.B. B. Kennebunk Port 

Portland 

Cheltenham Mag-
netic Obs'y. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Linden 
Do. 

Baltimore: 
Ft. McHenry 
Patterson Park 

Fairhaven 

43 38: 8 ! 70 I6: 6 No. 19 114 32. 5 73 58. 4 I I6659 l 8 21. 12 Do. 

0 / 

38 44.0 

38 44.0 
38 44.0 
38 44.0 
38 44.0 
38 44.0 
38 44.0 
38 44.0 
38 44.0 
38 44.0 
38 44.0 
38 44.0 
38 44.0 
38 44.0 
38 44.0 
39 00.5 
39 00.5 

39 15.7 
39 17.5 

MARYLAND 

0 / 

76 50. 5 De.-Ja. 

76 50. 5 Au.-No. 
76 50. 5 Oc. I, 2 
76 50. 5 Oc. 1-6 
76 50. 5 Oc. 7 
76 50. 5 De. 2-5 
76 50. 5 De. I5-I9 
76. 50. 5 Ja. 5-7 
76 50. 5 Ja. I4 i 
76 50.5 Fe. II-I3 · 
76 50. 5 Fe. 11 · 
76 50. 5 Mh.-Ap. I 
76 50. 5 Ap. 5-I6 
76 50. 5 Je. 2I, 22 
1·6 50. 5 Je. 23, 24 
77 03.I Je. 11,13 
77 c'3· I I Je. I3 

76 34. 8 i Ja. 15 
76 34.4 i Ja. 21 

West [ 
O I o I 

5 I I. 6 70 25. O 

. ... i 70 24. 6 
5 og. 8 70 23. I 
5 IO. 8 70 24. I 
511.1: ..... . 
5 II. 7 1' 70. 24. 5 
5 I I. 3 70 25. 0 
5 IO. O ' 70 26. 0 

. . . . 70 26. 5 

. . . . 70 25. 0 

. . . . 70 26. 2 

. . . . 70 25. 0 

. . . . 70 24. 6 

. . 70 24. 6 

. . . . 70 22. 3 
3 50. 8 70 46. 3 
3 49.0 70 46. I 

5 47. 0 70 56. 2 
5 44. 8 . 70 45. 4 

I~ 

MASSACHUSETTS 

y 
20117 26 26 EI ! W. F.W. 

I 
BF 27. 14 L.A. B. 
. . 28. 12

1 

Do. 

20I28 31 1EI W.F.\\'. 
20141 8 . . . . . I Do. 
20125 I I9 55. 12 I Do. 
20120 ! 2I 24. 12 I Do. 
20136 I 2I 24. 12 I J.E. n. 
....... 33. 12, D.L.H. 

. . 24. 12 W. F.W. 

. . 32. 12 Do. 
· . . 78. 12 Various 
! . . 20. 12 Do. 
1 

• • 23. 22 Do. 
... 1· . . 33. 12 Do. 

;.j656 8 23. 22 L.A. B. 
19663*j C 23.3 J.E.B. 

19525*i c 33. 3 I D. L. H. 
i 19630*

1 
C I 33. 3 

1 
Do. 

14: 37· 417: 54· I 
----'----

Marshfield 
Bolivar 
Osceola 
Clinton 
Fayette 
Mexico 
Lexington 
Bowling Green 
Plattsburg 
Chillicothe 
Gallatin 
Edina 
Albany 

MISSOURI 

o J o fas; Io y 
37 2I j 92 50. 3 Au. 14 6 54. o . . 23022 
37 38. o 93 23. 2 Au. II, 12 7 16. 7 : 67 48. 4 J 22582 
38 03. 9 93 41. 4 Au. 7, 8 ; 7 40. 2 I 68 02. 8 22300 
38 22. 4 93 46. I Au. 3, 4 [ 7 25. 4 ! 68 IO. o 22300 
39 ci9. 9 92 4!. I Jy. 31 ' 7 22. 9 I 69 52. I 21056 
39I0.2 9151.8 Jy.27,28 632.5[6927.0 21438 
39 I2. 2 93 ;ii. 8 Jy. 7, 8 ' 7 37. 0 ! 69 16. 2 21503 
39 21.I 91 10.9 Jy. 24,25, 5 :;o.o 69 45.4 I 20995 
39 34. 8 94 26. 5 Jy. 9-11 1· 8 41. I 69 30. 1 J 2I252 
39 47. 6 93 32. 6 Jy. I8 7 I I. 4 70 14. I 20701 
3954.9 9358.6 Jy. 14,754.2 6953.3,21132 
40 IO : 92 JO. I Jy. 21, 22 '. 6 55. 3 70 37. 9 20386 

I 40 I3. 6 [ 94 23. 2 Jy. 16, I7 j 7 02. r , 70 I8. 2 
1 

20728 
·------- - ------.. 

I 

I 

IO I 78. 12 I 
IO 78. 12 I 
JO 78. 12 
ro 78. 12 
IO 78. 12 

!~ ~~: !~ I 
IO 78. 12 
!O j 78. 12 

~~ I ~~: ~~ I 
IO I 78. I2 
lO I 78. 12 

H.I.W. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

*For the values in italic•, the total intensity determined by Lloyd's method was combined with the observed dip. 
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TABLI~ I.-Results of magnclic observations on lamf, etc.-Continued. 

MONTANA 

------------------ ---- ----,--- ---

l,ongitude I 
I Hori~ ! I11strun1ents I 

Station Latitude Date i De~lina- Dip ~ontnl -----\ Obser\'er 
I 

tton 1nten~ 1 

sity M. I D. C. 
I 

----- -- '--- I ----1--- -----
I I 

I East I 0 0 o I 0 y 
Helena 46 37.0 Il2 02. 2 

1 

Se. 16 19 44. 6 72 I I. 5 18552 20 18. 14 E. D. P. 
Glasgow 48 i I. 7 1o6 36.8 Oc. 25 _19 09. 6 74 51. 4 16320 20 18.14 Do. 
Chinook 48 36.0 109 13,7 . Oc. I2-19 119 21. 2 74 26.8 16708 I 20 18. 14 Do. 
Gateway 49 00 Il5 IO, 2 j Oc. 27, 28 '23 48. 2 73 29.6 q537*,C23 I 23.22 A. E. F. 
Flathead River ~ 49 00 1q 27 ~o. 4 !23 35. 6 73 47.7 I7151*C23, 23.22 Do. 
Phillips Ranch 149 00 II5 03. 5 I No. IO . . . ... 73 25. I IJ451*i · · · · j 23.22 Do. 
Monument No. I I 49 00 115 I5 , No. II, 12 123 41. 8 73 20, 4 i I7526*,C23: 23. 22 I Do. 

I . ' ------------ ----· ----------------·-- --

Cape May Point 
Sea Isle Citv 1 

Egg Island ·L. H. 
Port Norris 
Atlantic City 

Do. B 
Bridgeton 
:\lays !,anding 
Long Beach 
Salem 

Do. 
Do. 

Barnegat L. H. 
J\Iount Roval 
Chatsworth 
Camden 
Toms Rh-er 
'.\fount Hollv 
Trenton · 
Freehold 

Do. 
'.\Iount Rose 

Do. A 
Sanely Hook 

Do. 
New Brunswick 

Do. A 
I llemington 
Perth Amboy 
Somer\'ille 
Elizabeth 

Do. 
Do. 

~ewark 
Hackensack 
Paterson 

\\'adesboro 

NEW JERSEY 

Wl'sl 
0 I 0 I I 

38 55. 8 ' 74 57. 8 I Jy. 24 6 27 .. 6 70 32. I 
39 JO. 2 I 74 41. o Jy. 2I-23 6 51. 5 70 36. 5 
39 IO. 6 75 08. 2 I Jy. I9 6 20. 0 70 46. 4 
39 14.6 75 01.4 Jy. I6, I7I635.0170 46.0 
39 22. 0 74 24. 9 1· Jy. 27-29 7 22, 8 ' 70 45. 3 
39 22. 0 74 24. 9 

1 
jy. 28 . 7 J4. I . .. • • .. 

39 24. 7 75 15. 9 Jy. I4, 15 I 6 29. 6 70 38. I 
39 27.2 74 43.61Jy.31,Att.3, 7 00.4 71 05.5 
39 31.8 74 15.4 Au. II, 12 I 7 53.0 71 or.3 
39 34.3 75 27.5 Jy. JO 6 51,7 70 51.6 
39 34. 3 75 27. 5 Se. 28, 29 1 6 48, 3 70 52. 4 
39 34. 3 75 27.5 Se. 29 · 6 51. I 
39 45. 8 74 06. 4 Au. , 8 i 7 58. 8 71 
3949.I 7512.5Jy. 8,9.712.271 
3949.1 7432.2 Au. 6 740.6,71 
:\954.8 7504.7 Jy. 4,6,708.6!7I 

1

3957.3 7411.5 An. 15·803.6 71 
40 00.4 74 47.8 i Au. 18, 19 I 7 36.8 I 71 
40 14. 5 74 48. 3 Au. 20-22 : 8 on. 6 71 

09, I i 
15. 4' 
i4. 9 I 
07.4 
20, I I 
15. 0: 

23.4 
22.3 

4u15.3 74I7.3 Se. 12
1 
..... 

I
. 40 15.3 74 17.3 1 ~c. Jo-12 '8 27.6 

1 
71 

40 22. 2 74 43· I . Au. 25, 26 8 36. 7 ' 71 45. o 
40 22. 2 74 43. 1 ' Au. 25 8 05. o ~ 

1

4027.7 7400.3 Se. 1-5 852.9·7141.3 
. 40 27. 7 74 oo. 3 , Se. 1-5 I .. 

1

1 40 30.2 74 27.2. Se. 21,22 8 17.5 71 49.0, 
40 30. 2 74 27. 2 8e. 22 . 8 19. 2 .... I 
403<>.5 7451.6 Je. 8,9:814.217141.0~ 
40 31.8 74 17.4 Se. I8, I9 I 8 57.5 71 47,2 ! 

14034.0 7435.5 Je.Io,11 907.7 7143.9 
40 .Jo. 5 74 13. o . Se. 24, 25 8 54. 7 ' 7I 49. 7 
4040.5 7413.o:se. 25 856.9 
40 40.5 74 13.0, Je. I3-I5 8 59.6 
4045,7 7411.4lje.18,20 859.1 

I 40 53.5. 74 03.4 i Je. 28 8 56.3 
, 40 55· I -1 74 08. 7 i Jc. 22, 23 8 54. 7 i 

7I 50.8 
72 o6.2 
72 IO, 5 
72 08.3 

NORTH CAROLINA 

West I 

------·-------· 

y ' 
19786 I BF 27 IV G, B. P. 
I9777 BF 27 IV Do. 
19547 : BF J 27 IV Do. 
19574 BF· 27 IV Do. 
I958o BF\ 27 IV Do. 

BF Do. 
I9812 BF I 27 IV Do. 
194I2 BF 27 IV Do. 
19374 BF 127 IV no. 
1954I BF 27 IV i Do. 
I9525 31 27 IV 1 L.A. B. 
I9518 HF I ..... : Do. 
I9237 BF 27 IV I: G. Il. P. 
19I7I BF: 27 IV Do. 
19159 I BF I 27 IV Do. 
19274 · BF: 27 IV Do. 
19085 I BF 1 27 IV no. 
19244 ·HF: 27 IV Do. 
19208 I BF I 27 IV Do. 
19071 31 27 IV Do. 
I9085 . BF 1 Do. 
19005 I BF: 27 IV . Do. 
..... : BF 1 ..... I Do. 
18866 I 31 ! 27 IV : Do. 
I886I BF I ..... I Do . 
1876o I 31 27. 14 . Do. 
.... - 31 1 I Do. 
189!0 I 19 ' 20. I2 W. M. H. 
18844 31 : 27. 14 G. B. P. 
18891 19 : w. 12 \V. M. II. 
18740 I 31 27 IV L.A. Il. 
18738 ' BF 1 Do. 
18711 19 20. 12 \V. M. H. 
18693 19 20. I2 Do. 
18450 19 ! 20. 12 Do. 
18517 I9 20. 12 Do. 

0 I I 0 I I 
I 34 57. 61 8o 03. 2 I Ja. 

0 O I 1 

66 39. 7 I 2~36 19 55. 12 F. 1\1. L. 
t I -- -----·----- - -----·---------- --·- ---

*For the values in italics the total intensity determined by Lloycl1s method was co111hiued with the observed dip. 
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TABLE !.-Results. ef magnetic observations on land, c/c.-Coutinued. 

... ··-· --- ---··-··-··- ----

I 
Station I l,atitudc 

------- ---·-- ----·-

·, l,ougitude I 
I 

OHIO 

Date DeclinathJn 

Lancaster 39 45. 6 ;2 37. 5 Oc. 25, 26 I : 07. 8 W. 
Eaton 39 48. 3 84 39. 2 Oc. 21-23 j o 50. 7 E. 
Greenville 40 07. 2 84 32. 2 Jy. 6· i o 52. 8 E. 
Marysville 40 15. 8 83 22. 7 Au. 10 o 25. 8 E. 
Sidney 40 16. 1 84 08. 4 Jy. l, 2 ·1 o 04. o W. 
Delaware 40 21.6 82 57.8 Au. 12 o 40.0\V. 
l\H. Vernon . 40 27. 3 82 31. o Oc. 24-27 o 38. l \V. 
Celina I 40 33. 7 84 34. 3 Jy. 8 o 36. 3 E. 
Mt. Gilead, N. M.i' 40 33. 5 82 48. 8 Au. 171 o 28. 9 W. 
Mt. Gilead 40 34. 4 82 47. 8 Au. 14 o 39. 2 W. 
\Vapakoneta 40 36. I 84 l r. 2 Jy. 9, 10 I o 14· 6 W. 
Kenton . 40 40. o 83 38. o Au. 7 r 02. 2 E. 
Lima 40 45. 4 84 02, 2 Jy. I I I i 0 25. 8 w. 
Bucyrus 40 49. o 82 58. 8 Au. 20 ; o 32. 6 \V. 
Forest 40 49. I [ 83 34. 8 Au. 24 o 19. l E. 
Up1icr Sandusky 40 51. 4 · 83 17. 6 Au. 22 I o 28. o W. 
Mansfield ' 40 52. 8 i 82 28. 6 Au. r8 r 54. 2 \V. 

Do. 40 52. 8 I 82 28. 6 Oc. 28, 29 ! l 48. 8 W. 
Vanwert 40 53· 5 84 34. 6 Jy. rs ! 0 OJ. 7 W. 
Ottawa 41 01. 4 84 or. 8 Jy. r4 1 o 26. o W. 
Findlay 41 03. 2 83 40. 7 Au. 6 o or. o E. 
Tiffin 41 o6. I 83 ro. 7 Au. 26 o 55. 6 W. 
Medina 41 IO. o 81 51. 2 No. 2, 3 2 42. 8 \V. 
Paulding 41 12 

1
· 84 32. 2 Jy. 17 o 01. 7 E. 

Ravenna 41 13. 5 81 14. 7 No. 6-11 2 21. o \\'. 
Do. 41 13. 5 ! 81 14. 7 ~o. 9, IO 2 17. 6 W. 

Norwalk 4115.018237.8 Se.11,12 106.2\V. 
Oberlin I 41 18. 3 . 82 I6.5 1 Sc. 14 I 59. 9 W. 
Defia!1ce '41 I8.9 I 84 24.0, Jy. 20 o 08.2 \V. 
Bowling Green 41 21. o : 83 38. 3 : Au. 3, 4 o 24. 9 \V. 
Elyria . 41 22. o · 82 09. 9 1 Sc. 15, 16 2 08. 5 W. 
·Fremont j 41 23. o ; 83 05. 9 Au. 28, 29 , 1 oo. 8 \V. 
Berea . 41 23. 7 I 81 50. 6 · Se. 18 1 2 31. 4 W. 
Napoleon I 41 26. 2 1 84 09. 8 , Jy. 22 o 45. 2 W. 
Bryan ; 4129.71 84 34.4' Jy. 25 o 27.oW. 
Sandusky · 41 '30· 9 ' 82 43. o ' Se. 2 o 55. 8 W. 
Port Clinton I 41 32. 1 82 58. 3 Sc. 4 l 05. 7 W. 
Maumee 1 41 33. 7 83 39. 2 1 Jy. 29, 30 I o 44· 3 W. 
Wauseon 41 35. 9 84 IO. 5 : Jy. 23 1 r 05. 4 \V. 

Charg~'.1 !~ ~~: ~ ~~ !~: ~ 1 ~~: 13 ~~ l ~ ~~: ~ ~~: 
Kelleys Island 41 37. 8 82 44. I Se 'IO I o 53· 8 \V. 
Put in Bay 41 41. 3 82 51. I j Se. 8, 9 o 50. 4 \V. 
Toledo 41 4r. 7 83 26. S i Jy. 27 I oo. o W. 

' 

Hori- I Instruments I 
Dip f~~~~~ ·------·--·Observer 

-- ~;~~-1-D. C. 1----
1

, r I , 
7: 5~. l 19913 BF! 27 IV i· L. B. S. 
70 51. 0 20I07 IO i 78. 12 I Do. 
7120.2 1¢56 8 1 21.12 J.l\1.K. 
71 29.0 19484 8 2r. 12 I Do. 
71 24. 8 19486 8 21. 12 I c. J. H. 
71 28. 3 19578 8 21. 12 ~ J.M. K. 
71 58. 1 l89o8 IO 78. 12 I L. B. S. 
7r 36. 3 19382 8 21. 12 . J.M. K. 

71 43.5 
71 35.8 
71 49.7 
71 42. 9 
72 15.5 
71 59.8 
72 14. 7 
72 02.3 
72 Ol. I 

71 49.0 
71 53.3 
72 06.3 
72 07.5 
72 12. 2 
72 03.4 

~~ ~~: ~ I 
72 31. 9 
72 14. 2 
72 09.8 
72 13.9 
72 27.7 
72 18. 9 
72 20.8 
72 I I, 2 
72 15. 4 
72 36.9 
72 30.0 
72 21.81 
72 24.2 
72 31 .0 

72 29.9 
72 28.6 
72 39· I 
72 44. 1 

8 Do. 
19286 8 21. 12 Do. 
19298 8 21. 12 Do. 
19119 8 21.12 Do. 
19213 8 21. I 2 Do. 
18714 8 21. 12 Do. 
18966 8 I 21. 12 Do. 
18778 8 . 21. 12 Do. 
18891 8 21. 12 Do. 
18863 IO I 78. 12 l,. B. S. 
19144 8 21. I2 J. l\I. K. 
I89<'l6 8 21. I2 no. 
I8853 I 8 21. I2 Do. 
I8736 8 21. I2 Do. 
18668 IO 78. 12 L. B. s. 
18994 8 21.12 J.1\1.K. 
18415 IO. 78. I2 C. J. ::YI. 
18427 BF 27 IV I J,. B. s. 
I8465 8 21. 12 J.M. K. 
I8805 8 21. I2 Do. 
18904 8 21. I2 Do. 
I8918 8 21. 12 Do. 
18621 8 21. 12 Do. 
18662 8 21. I2 Do. 
18694 8 21. 12 Do. 
18834 8 21. 12 Do. 
18832 . 8 2r. 12 Do. 
18398 ·1 8 2r. I2 Do. 
18488 8 2I. 12 Do. 
I8659 

1

. 8 21. I2 Do. 
18716 8 21. 12 Do. 
I8415 1 BF 27 IV L. Il. S. 
18408 ' IO 78. 12 C. J. l\I. 
185¢ j 8 21. 12 J.M. K. 
18362 

8
8

1

21. 12 Jlo. 
18322 21. 12 I Do. 

I 
------------------------· -----·-



APPENDIX NO. 3. RESULTS OF MAGNETIC OBSERVATIONS. 2ll 

TABLE 1.-Resu!ts ef magnetic observations on land, etc.-Coutinued. 

Station 

Mindanao 
Iligan 

Surigao 
Leytc 

Kanagao I. 
Nei.,'l'os 

.Valle Hcnnosa 
l'anay 

San Jose de Bue
na Vista 

Cu yo 
Cu yo 

Ncgros 
I)anao 

Sa mar 
Guinan 

l'anav 
Port Batan 

Samar 
Cathalogan 
Calbayoc 

Mindoro 
)fangarin 

Romblon 
Romhlon 

Luzon 
San Bernardino 

J,ight House 
Reef 
Gu bat 

Castilla 
Sorsogon 
Alhav Gulf 
Legaspi 
Batan I. 

Mindoro 
Ca la pan 

Marinduque 
Boac 

Mindoro 
Puerto Galera 

J,uzon 
J,agonoy G. Short 

Do. 'fall ' 
Ba tang~ 
Vigan 
Currimao 
Cul iii 

PHILIPPINE ISLANDS 

Latitude I,ongitude Date I
! I Hori- j Instruments , 

D~1~111ia· Dip f~~~~~ .---------- --... : 
. J . I sity ' M. ! J). C, 

Observer 

East 
0 o I 

8 14, I 124 13. 7 

947.6J2529.3 

-Ea.~~-\- ---:-1-1--
1<)02 0 I I 0 I y I I 

No. 24, 26 1 42. 7 4 08. 7 I 38332 
1 

18 i 77. 12 J. H. C. M. 
1903 I 

Je. 20-24 2 J4. I 5 39. 3 . 38o62 j 18 77. 12 ' J. S. H. 

IO 14 

JO 20. J J23 19.9 

124 44 Mh. 20 I I 35. 4 ! ...... I ..... (39 ! I c. c. y_ 
Ja. 8-IO I 1 ;9· 6 7 12.3 : 38254 . 18 1 77. 12 I H. C. M. 

IO 44, 3 121 56.0 

IO 51. 4 121 00. 4 

JO 50 123 33 

l I 04. 3 : J 25 34 · 6 

l I 36. 0 I 122 29. 5 

I I 46. 6 124 52. 7 
12 04. I 124 35· 6 

De. 10-161 1 49. 7 I 7 49. 7 38331 ! JS ; 77. 12 

I I 29. 5 

I I 15.4 

3 • I 22. 2 

Oc. 19-24 
1902 

~. 29,D.4 
1903 

Fe. 

Oc. 12 
1902 

S<!. 5 
7 

I 22.5 
J 05.6 

8 02.5 

I 

.. ----1 
IO 26.7 
II 36. 2 

38616 ! 18 

733 

1739 

!734 

37992 I J8 
38100 18 

77. J2 

77. I 

77. 12 

W. B. F. 

Do. 

C.E.M. 

C. C. Y. 

R. B. D . 

I H. C.M. 
Do. 

12 19. 51121 05.0 

J2 34. 7 122 16. I 

Oc. 
1903 

Mh. 25 

:i.\fh.20-23 
1902 

I 19. 2 

I 08.2 12 06. 7 

..... 173·1 

38293 ' 18 

R/B. D. 

77. 12 : J.E. McG. 

12 45. 3 1124 17 .2 
I 

I 2 5 I. 5 , 124 09. 5 
12 55.3 124 07.7 

12 s7.3 l123 53· I 
12 58. l IJ24 00. 4 
I 3 04. 2 J 24 I I. 8 
13 09.2 123 4S-4 
13 15.7 124 O~o 

Au. 15 

Jy. 29 
Je.21-Jy. 7 

Oc. 1 

Au. 6 
Jy. 17 
Jy. 27, 28 
Jy. 26 

13 25.0 

13 26. 3 

1903 
J21 IO. 7 I l\Ih.30,3J 

121 48.8 My. 16, 17 

13 30. 6 120 56. 6 i Fe. 

13 41. 6 123 49. 3 i Se. 30 
13 42. 5 •23 40. 4 Sc. 23 
13 45. 4 12J 02. 91 Ap. 13, 14 
1733.9 12022.9 Fe. IO 

18 OJ. 2 120 28. 7 I Mh. 27 
18 05.4 120 28. I Ap. 4 

5 

I 30.3 

0 49.0 
I 00, 2 

1739 

739 
733 

733 
733 

I 00.9 
() 35.6 
J 12.3 

0 30.5 
0 58.4 

13 14.7 37778 
13-1 I ..... 

18 . 77- I\' 
73,1 

I 08. 5 

0 52.2 

o. 57 6 ..... 73-1 

14 12. 1 I 38250 18 

J3 48. 3 ' 377991' J8 

0 48. I 739 
I 02.4

1 

1739 _ 
0 46. I I4 I. 8. ·. 1_ I 38o8 J I 18 
0 25. 6 . j733 I 

77. 12 

77- 12 

77. 12 

C. C. Y. 

Do. 
C. E. l\L 
&J.B. 

J. n. 
C.E.M. 
H. 0. P. 
H. C.M. 
R. B. D. 

J. S. H. 

Do. 

R. B. D. 

J. J. G. 
B. A. B. 
J. S. H. 
H.F. F. 

Do. 
Do. 

0 18. 81 I 1733 
o 25. 9 I ,733 : 

-~-----'-- ---'----------- -
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TABLE l .-Results ef magnetic obserJafi01is on land, etc.-Continued. 

Station Latitude l,ongitude 

Guaniquilla I 1~ 02. 7 
Portu Ricollfag-1 18 oS. 9 

11etic Obs;'. , 

0 

67 12. I 

65 26 4 

Mayaguez 1 

Do. 
Rattle Cay 
Scorpion Point 
Obispo Cayo 

Do. 
Do. 

San Juan, S. Base i 
Do. i 

18 I I. 8 67 o8. 6 
18 I I. 8 i 67 08. 6 
18 18. I 65 :5. 2 
18 18. 2 65. 18. 7 
18 20. 6 I 65 37. 2 I 
18 20.61.65 37.2 
18 20.61' 65 37. 2 
18 27. 2 66 08.3 
18 27. 2 , 66 08. 3 

PORTO RICO 

Date 

Mh. 29 
De.-Ja. 

Fe. 15, 16 
!\'.Iy. 14 
Ap. :i8 
Ap. 2, 12 
Mh. 18 
Ap. 16 
My. 27 
Mh. 8 
::\Iy. 26 

Declination Dip 

. -·-··-, --·- ----1 
West 

I 0 I I 

I 00. 0 

I 15. 2 

I 23. 6 
I 21. 0 

0 42 .. f) 
55.4 
33. I 

I 35.4 
I 39. I 
l I j. 2 
I 12. 3· 

4)) 27.5 

49 16.2 
49 22.0 

46 31. 7 
49 35. 0 

49 12. 5 
49 17.4 
49 17. 4 
49 59. 2 
50 03.4 

SOUTH CAROLINA 

Hori~ 
zontril 
inten-

1 

Iustrurncnts I 
; 1 I Observer 

' ' sity IM. D.C. ', 

y ,-------

30117*·C33 
29040 ! 3 I 

29418'IC33 I 
29368* C33 I 
30218* C28 
29118*!C28' 
29793* C281 
29776*IC28 I 
29776* C28: 
29229*;C33 ' 
29251*,C33 I 

33. 12 

33· 12 
33. 12 
28. 12 
28. 12 
28. 12 
28. 12 
28. 12 
33. 12 

33· 12 

E.C.S. 
\V. H.K. 

E.C.S. 
Do. 

R.L.F. 
Do. 
Do. 

H.M.T. 
Do. 

E. C. S. 
Do. 

----------· ---··---·-----· ----·-------- ·--- ----·--·--

Beaufort 
\Valterhoro 
St. George 
Moncks Corner 
Barnwell 
Bamberg 
Darlini-,rton 
Georgetown 
Aiken A 

Do.R 
Do.A 
Do. A 
Do. Il 
Do.B 
Do. 

Kingstree 
Manning 
Conway 
Marion 
Bennettsdlle 

0 

80 40.9 \Fe. 
8o 39. 61 Fe. 
So 33. 5 Fe. 
80 oo. 6 Fe. 
81 22. 8 Fe. 
81 01. 8 Fe. 
79 52. 1 . Ja. 
79 16. 7 I' Ja. 
81 43. 8 Fe. 
81 43. 8 ! Fe. 
81 43. 8 i Fe. 
81 43. 8 i I~e. 
Sr 43. 8 , Fe. 
81 43. 8 Fe. 
81 43. 2 Fe. 

32 26.5 
32 54.0 
33 IJ.O 

33 I I. 5 
33 15.3 
33 17. 3 i 

33 18.7 
33 22.6 
33 33.9 
33 33.9 
33 33·9 
33 33·9 
33 33.9 
33 33.9 
33 33.9 
33 40. 3 
33 42.7 
33 51. 4 
34 IO. 6 
34 37.2 

' 79 49· 3 . Ja. 
80 12.8 I Ja. 
79 02. 7 ! Ja. 
79 24. I Ja. 
79 41. 6 Ja. 

23 
18 
3 

1, 2 

5 
17 
9 

21 
8 

12 

9 
9 

8,9 
8 

15 
26 
27 I 

18, 19 
14, 15 

12 I 

0 

0 23. I F 
o 19. 3 E. 
o oo. 2 \V. 
() 34. 2 w. 
l ;p. 9 E. 
o 17.5 E. 
0 32. 7 w. 
0 50. 9 \V. 
o 33.6 E. 
o 35. 7 E. 
o 36. 3 E. 

o 36. 3 E. 

0 33. 7 E. 
0 36.5 w. 
0 22. 9 \V. 
I 13.7\V. 
I 09.4 \V. 
I 07.3 \V. 

0 

63 39.2 
, 64 32. 9 
I 64 30. 4 
I 64 38. 4 

65 13.2 
65 04.2 
66 10.9 
65 03.3 
65 08.3 
65 07.5 
65 07.6 
65 I I. 4 
65 09. 8 
65 08.3 
65 13. 1 

65 35. 2 
65 22.0 

65 33. 2 
66 oo. 2 

66 I I. 5 

y 
25188 19 
24579 19 
24594 19 
24474 19 
239.17 19 
241 IO 19 
23406 19 
24204 19 
24152 19 
24129 19 
24145 21 

24074 19 
23863 19 
24w4 19 
13778 19 
23428 , 19 
23273 : 19 

I 

55. 12 
55. 12 
55. 12 
55. 12 
55. 12 
55. 12 
55. 12 
55. 12 
55. 12 
55. 12 
24. 12 
32. 12 

24. 12 
32. 12 
55. 12 
55. 12 
55. 12 
55. 12 
55. 12 

55. 12 

F.::\1. L. 
Do. 
no. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

I,. A. B. 
Do. 
Do. 
Do. 

F.111. L. 
Do. 
Do. 
Do. 
Do. 
Do. 

* Por the Yalues in italics the total intensity dttenuincd by I...loy<l's 1ncthod was combined with the ohscrvL"d dip. 
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TABLE !.-Results ef magnetic observations on land, ctc.-Conti1med. 

Station 

Jasper 
Cleveland 
Benton 
Dunlap 
Athens 

Do. 
Dayton 
:\ladisonville 
Decatur 
Pikeville 
Loudon 
:\Iary\·ille 
Se\·ierville 
Kingston 
Knoxville 
Newport 
Crossville 
Dandridge 
Clinton 
Wartburg 
Erwin 
Greeneville 
l\Iorristown 
111aynanh-ille 
Jonesboro 
Rutledge 
I~lizahethton 
Rogersville 
Hunt~ville 
Tazewell 
Jamestown 
!\Ionntain City 
Blonntvillc 

Seattle 
Do. 
Do. 

Port Townsend 
Port Angeles 

TENNESSEE 

-- ------·--·-···-· ·-· __ , __ 

Latitude Date I Declination 

r . 
r I 
I l,ongitnde i Dip 

Hori
zontnl 
in ten· 

) Instnnnents ! 
I I 

1
--. ··-···--1 Obi;en·er 

, I 

0 I I I 0 I 0 
I y 

sity 1_"1~1--
35 04. 6 85 37. 2 \No. I l~ 12 3 34. 7 E I 66 10. 3 I 23677 
35 09. 7 84 52. 6 · Au.31,Se. 1 1 27. 6 E : 65 50. 9 23951 
35 10.4 84 39 I Au. 28 1 41.8 E: 65 58.2 23781 
35 22. 6 85 21. 6 

1

. No. 9 2 58. 8 E I 66 37. l 23450 . 
35 26. 6 84 35. 9 Se. 3 o 40. 8 E , 65 58. 5 24020 
35 26. 6 84 35. 9 Ko. 14 o 43. 3 E : 66 01. 7 23986 ,

1 
35 29. 7 85 01. 3 No. 5 2 26. 8 E ! 66 24. 7 23852 
35 30.0 84 21 Au. 25, 26 · o 59. 2 E 166 12. 2 23666 , 
35 31 84 48 No. 16 I 40. 5 F. 66 23. 7 23822 ! 
35 36. 5 85 1 l. 6 No. 6, 7 2 54. 4 E 

1

. 66 50. 2 : 23222 
35 44.6 84 21.5 No. 23 o 17. I\~ 66 21.3123997 
3.'i 45. o 83 58. 2 Au. 21 l 02. o E . 66 42. 2 . 23262 
3551.4.8333 Au. 11,12 028.0E!6656.2!23143 
3551.8lli430.o No. 3 121.9E,6716.8j231ro. 
3556.318357.6 Au. 7,8

1

• 01S.1Wl6640.9'23346! 
35 56. 9 , 83 rn Jy. 29, 30 o 15. 8 E 67 04. o 23037 . 
35 57 85 01.9 Oc. 29,31 i 3 27.5 E 67 36.4 23317 
36 01. 4 83 25 An. 1, 31 o 15. 8 E 67 03. 5 23038 
36 06.2 84 07.7 Oc. 22 o 05.6 E 67 07.6 23112 
36 o6. 6 84 36 Oc. 23 I 09. 1 E I 66 50. 6 1 23745 
3608.6 8225.9 Jy. 16,17· 011.6 E 6734.0 22s71 
36 IO 82 50 Jy. 21, 22. 0 23. 7 \\' 67 13. 5 I 22847 
36 I I. 9 83 18 Jy. 27, 281 • () 20, 4 E 1· 67 16. 0 : 22943 
36 14. 6 83 48. I Au. 18, 19 · o Ill. 6 \V 67 04. 8 23373 
36 15.6 82 28 Jy. 18, 19 o 19.4 E · 67 30.5: 22486 I 
36 16. 6 83 32 ·Au. 5, 6 o 02. 9 \\' I' 6; 09. 8 22991 1 

36 2o. 4 82 I 2. 8 Jy. 6 o Io. 8 E 67 44. 7 ! 22358 
36 24.2 83 Oo Jy. 24,25 o 08.1 \VI' 67 39.2' 22617 
36 24. 6 84 30 Oc. 24 o 2.1. l \\' 67 56. 8 I 22695 I 
36 26.7 83 33.9 Au. 151 o 43.5 \V 67 33.9 23ci51 ~ 
36 26. 8 84 56. 2 Oc. 27 3 05. l E I 67 28. 1 23049 : 
36 28. 3 1 81 48. 6 jy. 9, IO j 0 32. 4 \V 67 57. 9 222lll ; 
36 29.5 82 20.6 Jy. 13; () :.!4.9 w 67 38.3 22448 

47 39.6 
47 39. 6 
47 39.6 
48 07. 4 
48 08.4 

I 

122 18.4 
122 18.4 
122 1.8. 4 
122 45.3 
123 26.0 

I 

WASHI:-;'G1'0::\' 

East 
I 

:'\o. 12-20 22 59. 5 
::\lh. 15 23 09. 2 
l\Ih. 16 
Fe. 20-24 23 15. 7 
Ap. 5 23 40. 7 

i 0 y 
7'' 49. 5 193,; I 
7u 49.5 1937.'l 
70 48. 2 
71 15. u ll)lKJ5 
7° 57.5 19402 

I 
I 

19 55. 12 I F. ::VI.L. 
20 18. 14 E. D. P. 
20 18. 14 Do. 
19 I 55.12 F.l\I.L. 
20 18. q E. D. P. 
19 55.12 F.M.L. 
19 55.12 Do. 
20 18. 14 E. D. P. 
19 I 55. 12 F.1\1.L. 
19 I 55. 12 Do. 
19 , 55. 12 Do. 
20 I 18. 14 E. D. P. 
20 : 18. 14 Do. 
19 55.12 F.M.L. 
20 I 18. 14 E. n. P. 
20 18. 14 Do. 
19 55. 12 F. :'.\1. I.,. 
20 18. 14 E. D. I'. 
19 55. 12 F. M.L. 
19 55. 12 Do. 
20 18. 14 E. D. P. 
20 18. 14 Do. 
20 1 18. q , I>o. 
20 ' I~. 14 j Do. 
20 18. 14 j Do. 
20 i 18. 14 1 Do. 
20 ; 18. 14 · l>o. 
20 18.14 . Do. 
19 I 5.'i· 12 I F.M.L. 
2u 18. q . E. D. I'. 
19 '55. 12 F. l\I.L. 
20 I 18. 14 E. }). I'. 
20 : 18. q Ilo. 

I 

20 15. 24 J. \\'. l\I. 
20 15.24 D. I •. II. 

32. 12 Do. 
20 lf,. 2.1 II. L. B. 
20 j 32. 12 Do. 
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TABLE !.-Results ef magnetic observations on land, ctc.-Concluded. 

FOREIGN COUNTRIES 

··------ ------·-·· - -·- -···------··---·· 

r I J~ri- Instrun1ents i 

Station Latitude I.ongitude Dale Dec; 111a-1 Dip zontal \ •Observer 
tton inten-

M. \ sity D. C. 

------ ------···-------

Canada 

I 
East I 

0 I O I 0 y 
Union 49 35. 9 124 53.5 Ap. 2 26 05.6 71 26.4 18979 20 32. 12 H. J,. B. 

Do. 49 35.9 124 53· 5 Ap. 2 I8973* 32 Do. 

Bahama Islands 
West 

ct I Clarence Town 23 o6 74 59 Jy. 14, 15 0 13.4 53 47.3 2939I* 56.34 O.L.F. 
Cockburn town 24 04 74 26 Jy. 13 () 18.0 55 03. 2 288I6* ct 56.34 Do. 

Nassau East 
ct I Old Govt. House 25 05 77 22 l l; 2,3 o 20. I 56 09.5 28721* 56.34 Do. 

Public Square 25 05 77 21 4 0 13. I ct i Do. 
Hog Island ::.is o6 77 21 Jy. 5 0 24 ct i Do. 

Hope Town [ 26 31 76 58 Jy. 22 58 o6.7 56.3 Do. 

--- -·------- --------------·- -~- . 

TABLE IL-Results ef magnetic observations at sea, January I, I903, to June 30, I904. 

ATLANTIC OCEAN 

------ - --------·--- ------- ·---- -------

I 
Total Num-

Place I.a ti- I ... ongi- Date, 190- Declina- Dip in ten- Ship her of Sea 
tude tude ti on sity head-

ings 

----l---- ------- ---
I West \ 

0 I ! 0 0 I 0 I I y 
16 I sm. Mayaguez, P. R. 18 15 ! 67 12 4, Fe. 18 0 49 49 IO 4486o Bache 

Do. 18 15167 12 1 4, My.14 0 58 49 20 145310 Do. 16 [ Sm. 
FajardoRoads,P.R. 18 21 6s 36 I 3, ra. 30 I 45 49 02 ..... Blake 16t' Mod. SW. 

Do. 
l 

18 21 I 65 36 3, My.25 I 35 49 IS 458oo Do. 161 Sm. 
Do. 18 21 65 36 · 4, My.31 49 28 45700 Do. 16 Sm. 
Do. 18 22 l 65 36 I 4, Mh.19 0 521 49 19 4558o Do. 16 . Mod. sw. 

At sea 20 14 ; 66 51 I 4, Mh. 14 I 50 51 18 47010 Do. 16 i Mod. sw. 
Do. 21 12167 17 , 4, Mh.14 . . . 53 06 47670 Do. 161 Mod. sw. 
Do. 22 oo 68 oo 1 4, Fe. 9 l 57 I 54 08 47820 Bache 8 Rough 
Do. 23 30 68 09 ' 4, Mh.13 2 29 . 55 20 49430 Blake 16 [ Sm. 
Do. 24 29 68 35 , 4, Mh.13 3 26 . 56 26 50050 Do. 16 I Sm. 

I 
; 

East 
I 
I 

Key West, Fla. 24 30 81 5r 13, Je. 9 2 48 Hydrog. 1611' 
Do. 24 32 81 50 4, Mh. 13 2 48 Do. 16 Sm. 
Do. 24 32 81 49 3, Je. 8 2 39 . Bache 16 Sm. 

At sea 16 69 35 4, Fe. 8 
West I 

50310 Do. 8 Hvy. sw. 25 2 40 . 57 34 
Do. 27 28 70 52 4, Je. s 3 40 I 59 09 52350 Blake 16 Mod. sw. 
Do. 28 JO 71 10 4, Fe. 7 3 04 6o 24 5298<> Bache 8 Hvy. sw. 
Do. 28 12 71 04 3, Je. 2 ... I 6o 03 53490 Blake 8 Rough. 
Do. 28 16171 00 3, Ja. 24 3 58 59 55 Do. 8 Mod. SW. 

Do. 30 46 72 39 4, Je. 6 3 52 62 47 54720 Do. 16 "Mod. SW. 

Do. 31 15 ' 72 52 4, Fe. 6 3 12 63 32 54850 Bache 8 Sm. 
Do. 31 40 : 72 56 4,Je. I 4 07 63 07 55650 Do. 8 Rough 

*For the values in italics the total intensity determined by l.loyd•s method was combined with the observed dip. 

!Compass attachment of theodolite No. 3416. 
Swung only one way. 
Observations made on 16 equidistant points while swinging one way and on the other 16 points while swinging the 

other way. 
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TABLB IL-Results f!f magnetic observations at sea, etc.-Concluded. 

ATLANTIC OCEAN-tontinued. 

-----··- -- ----· ----- --·- -··---

Total 
Place La ti- I,ongi-1 D Declina- Dip in ten-tude iude ate, '9'>- lion sity 

-----------· _____ I ___ 
·- - - . ·-·--- ··-···· ----

West I 

ff Charleston.S.C. 0 

A 

H 

Do. 
t sea 

0 I I 0 I 

32 42 79 46 
32 4S I 79 S3 
33 13 73 I7 I 

3, Je. 12 
3, Je. I3 
4, Mh.IO 

0 I 0 I 

·-~··I 0 Sl .. .. 
I OI .. .. 
4 3S 6s 00 s6s8o 

Do. 34 00 74 3S 4, Fe. s 
amplonRoads,Va 36 s1 I 16 22 . 4, Fe. 2 

Do. 36 S7 . 76 22 4, Fe. 2 
Do. 36 S7 76 22 4, Je. 3 
Do. 36 S7 i 

76 22 4, j\fh. 6 
Do. 36 S7 76 22 4, Je. I~ I Do. 36 s8 

I 
76 21 3, Je. 

Do. 36 S9 76 08 ; 3, Au. 7 
Do. 36 S9 76 08 · 3, Au. 7 
Do. 37 01 16 14 I 3, Je. I9 

hesapeakeBay,Md 38 06 76 30 ! 3, No. 2I 
Do. 38 20 76 23 : 3, Oc. 2s 
Do. 38 22 76 20 I 4, Mh. s 
Do. 38 30 76 2s 3, Ja. 21 

c 

D elaware Br'kwater 38 48 7S 07 3, Au. IS 
Do. 38 49 7S 07 3, Au. IS 

ew York ilarbor 40 34 ' 74 02 3, No. 21 
ay Head, Mass. 4I 24 : 70 so 3,Au. 18 
utlyhunk, Mass. 4I 27 I 70 S4 

N 
G 
c 
N 
B 
Jo 
B 

ewBedford,Mass.: 41 31 70 S3 
uzzards Bay, Mass.I 4I 32 ; 70 s2 

3, Se. 14 1 

3, Au. IO 
3, Oc. 21 

hns Bay, Me. I 43 SI 169 32 3, Oc. 30 
ar Harbor, Me. . 44 20 68 09 3, Se. 9 

4 23 66 08 s678o 
4 22 68 26 s8s6o 
4 36 68 38 s8430 
4 33 68 27 sSs20 
4 4S 68 3I s8s30 
4 33 68 38 s8490 
4 12 .. .. . .... 
4 30 . . .. ····· 
4 37 . . . . ..... 
4 07 .. . . . .... 
s I2 .. .. ..... 
s 14 69 22 s9870 
4 49 69 43 s96so 
s 09 69 s6 S9S90 
s .59 . . .. . .... 
6 02 . . .. . .... 
8 2s . . .. ..... 

12 47 .. . . . .... 
12 08 .. .. ..... 
II SO .. .. ..... 
12 34 72 19 6o100 
1S 33 .. .. . .... 
I7 lS . . .. ..... 

PACIFIC OCEAN 

San 
Ats 

Francisco, Cal. 
ea 
Do. 
Angeles, Wash. 
aria, B. C. 

Port 
Viet 
Sitk 
Gast 

a, Alaska 
ineauChannel, 

Al aska 

37 ,. ,.,, " 
4S 49 I30 SS 
46 IO I30 OS 
48 o8 I23 2S 
48 24 I23 2s 
S7 02 I3S I9 
s8 14 134 18 

East I I 4, Je. 7 17 19 62 IS S44IO 
4,Ap. 9 22 23 67 28 s646o 
4, Ap. 9 2.-, 26 I 67 36 : s636o 
4,Ap. 7 24 27 70 s8 s9470 
3, Je. 20 23 17 . . .. ..... 
.),Jy. 22 29 s6 .. . . . .... 
3, Oc. 11 2s.9 . . . . ..... 

I 

--··-· 

Ship 

Bache 
Hydrog. 
Blake 
Bache 

Do. 
Do. 
Do. 

Blake 
Do. 

Bache 
Blake 

Do. 
Hydrog. 

Do. 
Blake 

Do. 
Do. 

Bache 
Do. 
Do. 
Do. 

make 
Do. 
Do. 

Bache 
Do. 

' 

Patterson 
Do. 
Do. 
Do. 
Do. 
Do. 

Gedney 

Num-
ber of Se n bend-
in gs 

--- --

I 
I 

I6 Roll 
16* 
I6 Mod. SW. 
8 Sm. 

I6 I 
16 

Cho ppy 
Do. 

16 Sm. 
8 Sm. 

I6 Sm. 
I6' Sm. 
I6 I Sm. 
St Sm. 

I6*' 
16 Sm. 
16 Sm. 
16 Sm. 
16 Sm. 
I6 Sm. 
16 Hvy. SW • 
16 Sm. 
I6 Sm. 
16 Sm. 
16 Sm. 
16 Sm. 
16 Sm. 
I6 Sm. 

I 
16 I Sm. 
16, Mod. sw. 
I6f Mod. SW. 

I611 Sm. 
32 Sm. 
32 Sm. 

I Sm. 

-·- ·- ---------------------
•Observations made on 16 equidistant points while swinging one way and 011 the other 16 points while swinging the 

other wny. · 
t Swung onlv one way. 
t Compass observations made only while swinging with port helm. 
II Swung on 16 points one way and 011 32 the other way, 
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DESCRIPTIONS OF STATIONS. 

Magnetic observers are instructed to mark every station in as permanent a manner 
as pos.<>ible, either with a stone or a post of some durable wood, so that it may be availa
ble for future occupation. They are also required to furnish a detailed description, so 
that the station may be located even if the marking should he destroyed, and to deter
mine the true bearing of two or three prominent objects in addition to the one used as a 
reference mark in the azimuth and declination observations. The information is given 
in abridged form on the following pages for each of the stations occupied during the 
year. Further details can usually be obtained on application to the Superintendent of 
the Coast and Geodetic Survey. The usual method of marking a station is by a stone 
post about 3 feet long and 6 or 8 inches square set so as to project an inch or two abo,·e 
ground and lettered on top .U. S. C. & G. S., with a drill hole in the center to mark 
the exact point. Whenever the local authorities desired and were willing to bear the 
expense, a second stone was set to denote the true meridian. 

The descriptions of stations are arranged alphabetically by States and by name of 
station. 

ALABAMA. 

Ashville, St. Clair County.-The station is about one-fourth of a mile southwest of town in a 
piece of rough land lying just west of the cemetery and on the left-hand side of tht: road from 
Ashville to Springville. It is 13.6 feet from a small pine tree to the northwest, 65 paces from the 
southwest corner of the cemetery, 2;, paces from the fence across the road to the i10rthwest, and 44 
paces from the northwest corner of the fanu to the i;outh. It is marked by a limestone 36 by 6 by 6 
inches, lettered on top V. S. C. & G. S., 1903, and projecting 4 inches abo\·e ground. The south edge 
of the chimney of the house on l\lrs. Ashley's fann bears 73° 54'.4 west of true south. The left edge of 
the chimney of a small hm1se on :\Ir. Thomas Hodge's property hears 33 ° 261 .3 east of true north. 

flirmi11g/za111, Jcffcrso11 Co1t11Z,v.-'fhe station of 1903 is in the southern part of Eltn Leaf Ceme
tery, which is about 2Y, miles sottlhwest of the court-house and 1Yz miles southwest of the station of 
19w. It is in the middle of the alley between sections 5 ancl 6 of J)i\·ision E, and is 1:;2.6 feet from a 
large pine tree, slightly east of south, and 7,-,,.2 feet from the east edge of a driveway. It is markecl by 
a limestone 36 by 5 by 7 inches, lettered C. S. C. & G. S., 1<)03, and sunk flush with the grouml. The 
spire of the Ir\'ington College building bears 21° 47 1 .9 west of true north. 'l'he east e1lgc of the smoke
stack of the old cotton factory bears 41° 471 .6 east of true north. 

Center, Cllcrokcc Co1111~v.-Thc station is in the unuse1! street one block east of the court-l:ousc. 
It is I 1 feet from the fence on the east side of the street, 27 .3 feet from the fence on the west side of 
the street, 69 feet from the south line of the cross street to the north, an<l ·19 feet from a small oak 
tree north of east. It is marked by a limestone 34 hy 6 hy 6 inches, lettered G. S. C. & G. S., 1903, aud 
set flush with the surface of the ground. 'l'he Baptist Church spire bears :;7° 471

. J east of true south. 
Fort l'ay11c, /)c/.:a!h Co1111ty.-The station is in the northwest corner of the campus of :Sorth 

Alabama College, which is in the eastern part of the city. The station is 193 feet from the northwest 
corner of the porch of the colleg-e building, 28.8 feet from the north fence, ancl 27 feet from the west 
fence of the campus. It is marked by a limestone 34 hy 6 by 6 inches, lettered .C. S. C. & G. S., 1903, 
and set flush with the ground. The court-house spire bears 83° 401 .9 west of true south. The Baptist 
Church spire bears 73° 051 .8 west of true south. 

Gadsden, Etowalt Cozmry.-The station is in Cherry street, 43.6 feet west of the west line of South 
First street. It is 14 feet north of the south line of Cherry street an<l 93 feet west d an angle in the 
fence inclosing Hughes's cemetery. It is marked by a limestone 34 by 6 hy 6 inches, lettered U.S. 
C. & G. S., 1903, set flush with the ground. The Methoc!ist Church spire hears 13° 131 .9 west of true 
north. 
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Descriptions ef stations-Continued. 

ALABAMA-Continued. 

G'1111tcr.wille, 1lfars/1all Co1111ty.-The station is on the high hill fust west of town. It is located 
at what would be (if extended) the intersection of two streets, namely, the street passing north of 
Samuel's Hotel and south of the court-house square, and the fourth street west of the court-house. It 
is marked by a limestone post 34 by 6 by 6 inches, lettered U. S. C. & G. S., 1903, and projecting 2 

inches above ground. The court-house spire bears 72°10'. 7 ~ast of true south. The spire of the M. E. 
Church South hears 34° 50'.4 east of true south. 

011co11to, Blount Co1111/y.-The station is in the street not far from the base of the mountain west 
of town and is about 2Y, blocks southwest and 2Y, blocks northwest of the court-house. It is 40.5 feet 
from the northeast corner of the fenced lot to the south and 78.8 feet from the northwest corner of the 
fenced lot to the cast. It is marked by a limestone post 36 by 5 by 7 inches, lettered U.S. C. & G. S., 
1903, and projecting 4 inches abo,·e the ground. The court-house spire bears 88° 20'.9 east of true 
south. 'l'he Mctho<list Church spire bears 69° 01'.4 east of true south. The shoolhouse spire bears 
12° 28'.4 west of tn1e south. 

Scottsboro, Jackson Co1111(v.-The station is in the southwest corner of the campus of Scottsboro 
Baptist Institute, about 250 feet from the southwest corner of the college building. It is 38 feet from 
the south fence, 39 feet from the west fence, and 17.6 feet from a small hickory tree north of east. It is 
marked by a limestone 38 by 6 by 6 inches, lettered U. S. C. & G. S., 1903, ancl set flush with the 
ground. The highest point on the court-house dome bears 47° 531 .6 west of true north. The north 
gable of Jackson County Flour Mills bears 72° 361.0 west of true south. 

ALASKA. 

/Jutdz /-/arbor, Unalaska Isla11d.-The station of 19<JO wa5 reoccupied. It is on the west slope of 
the hill southeast of Dutch Harbor at an elevation of about 130 feet. '!'he station is on line from the 
azimuth mark to the Coast and Geodetic Sun•ey astronomic station in Unalaska, being 115 feet south 
of the former. 

IPHIGENIA llAY. 

Albans, Cape St. Alba11s.-The statiot! is 78.3 feet northerly from the triangulation station 
Alham; and in line with it ancl \Varren 2. The mark, the signal at \Varren 2, bear,; 16° 17'.9 e:L~t of 
true south. 

Hlad, Oil Black Ro1·k.-The station is in line from Black to I,ichen and is 12.6 meters from station 
Black of the triangulation. The mark, triangulation station Lichen, bears 58° 331 .8 west of true 
north. 

Black .;/, 011 Black Rork .-'fhc station is in line with triangulation stations Black and Cull, heing 
2. 6 meters from station Black. The mark, station Gull, hears 5° 371 • 1 cast of true south. 

Black /J, 011 Blark Rock.-The station is in line with triangulation stations Black and Surf, being 
6.2 meters from station Black. The mark, triangulation station Surf, bears 61° 25'.2 cast of true south. 

r.,·rl'Cll, (;'rccn Islm1d.-The station is 42 .6 feet northerly from triangulation station Green and in 
line with it and Surf. The mark, Surf, hears 5° 49'.6 west of true south. 

(;reel/.;/, (.;rcc11 Jsla11d. --The station is 28.6 feet southwesterly from triangulation station Green 
an<l in line with it and Wolf. The mark, \\'olf, hears 55° 301 .6 east of true north. 

(;11!1,. Oil (;11/I fsla11d.-Tl1e station is in line from Gull to nlack, being 40 feet from the former. 
The mark, Black, bears 5° 36'.1 west of true north. 

1-lcat!icr, west shore of f.:osciusko ls!a11d.-Thc station is in line from Heather to \\'arrcn 2, being 
56.3 feet from the signal at Heather. The mark, \Varren 2, bears 81° 09'.7 west of true south. 

1-/cal!icr A, west shore of A·osciusko Jsland.-The station is in line from Heather to Lichen, being 
73. 1 feet from the signal at Heather. '!'he mark, Lichen, bears 18° 37'.9 west of true south. 

Liclzc11, east shore of /Varre11 Island -The station is in line from triangulation station Lichen to 
Heather, being 37.5 feet from the signal ut Lichen. The mark, Heather, bears 18° 36'.6 east of true 
north. 
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Liclzen A, east sl1ore Warren Island.-The station is 32.2 feet from triangulation station Lichen 
and in line with it and Black. The mark, station Black, bears 58° 37'.9 east of true south. 

S111:f, entrance to Pod Alice.-The station is 7.5 meters from triangulation station Surf and in line 
with it and Black, which bears 61° 18'.8 west of true north. 

Sm:f A, entrance to Port Alice.-The station is I2.3 meters from triangulation station Surf and 
in line with it and Green, which bears 5° 481 .7 east of true north. 

Warren, north shore o.f IVarren Island.-The station is 41.4 feet from the signal at Warren 2, 

and in line with it and Albans, which bears I6° q'. r west of true north. 
1Varren A, north slzore o.f IVarren Island. -The station is I 13.5 feet front the signal at Warren 2 

and in line with it and Heather, which bears 81° 051 .8 cast of true north. 

JUNHAU AND VICINITY. 

Juneau sclwol.-The station is in the southwest corner of the native school yard, 6.6 feet nearly 
southwest from the southwest corner of the school building and 4.2 feet northwest from an electric
ligh t pole. 'the first pile west of Juneau Island in a group of small piles between it and Douglas 
Island bears 29° 23' .o east of true south . 

.Station F.-The station is located 4.5 feet south of a large prominent dead spruce tree near the 
northwest end of Juneau Island. The station wa~ marked by the central one of three copper nails 
drh·en into the middle one of three large roots projecting southward from the tnmk of this tree. The 
cross on the Catholic Church in Douglas city bears 26 °471 .2 west of true south . 

.Station 2.-The station is within 6 inches of Dr. L. A. Bauer's station of 1900 on the northeast 
corner of Juneau Island. It is located 2.5 feet south of a large dead spruce tree, "the most prominent 
tree on the island,'' and is marked by the central one of three large copper nails driven in a row in the 
central one of three large roots diverging fron1 the trunk of the tree toward the south. 'fhe cross on 
the Catholic Church in Douglas city bears 41° 091 .6 west of true south. 

Station 3, Gastineau Clrannel, Salmon Creek .-The station is at about high-water mark on the 
beach, just southeast of the branch of Salmon Creek next to Juneau. It is 15 feet west northwest from 
an old l]nited States signal, 2 feet south southwest from a line of fence posts, ancl about 400 feet east 
southeast from "Creek Jim's" house, on a small creek south of Sal111on Creek. A tree on a remote 
hill across the channel bears 68° 2d.2 west of true north. 

Station 4, Douglas Island.-The station is about 120 feet southeast of the oil house of the Ready 
Bullion mine, in a gulch or part of an old mine drift, between two railroad tracks. The station is 
about 90 feet from the railroad track along the beach ancl about 150 feet from the northea~t corner of 
the blacksmith s}lop. The west edge of the schoolhouse at the azimuth station, Juneau, bears 34° 
39'.1 "est of true north. 

Station 5, Cold Creek Hasin.-The station is near the east end of the basin near Juneau, in the 
gravel on the north side of the creek and near the steep bank to the north. The station is about 150 
feet east of a cabin on the opposite side of the creek. A distant tree trunk on a hill bears 81° 33'.1 
west of true south. 

Juneau !Hll.-The station established in 1900 by Dr. L. A: Bauer on the hill east of town was 
reoccupied. It is marked by a nail in a spruce stump about 6 feet in diameter. The flagpole on 
Capt. M. Campbcll 's house bears 8° 441

• 7 west of true south. 
Station 7, Castineare Channel, Slzeep Creek.-The station is almost exactly one-half mile north

west of the mouth of Sheep Creek and on the beach of Gastineau Channel. The station is about 540 
feet northwest of the Sheep Creek pier and 46 feet southeast of a large rock on the beach. The 
southern edge of the lowest southernmost window in the stamp mill of the Ready Bullion mine bears 
62° 351 .4 west of true south. 

Station 8, Gastineau Channel, point near Price'sfarm.-The station is on the beach and on the 
"p0int" northwest of Price's fann. It is 4 feet northwest of a post firmly set. and marked 1V. W. 
Conrer Price's. The tree at Station r, Juneau Island, bears 40° 441.9 east of true south. 

Station 9, Gastineau Channel, Lawson Creek.-The station is in the northwestern corner of 
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Douglas City Cemetery, some 500 feet southeast of J,awson Creek on the Douglas city side. It is 
about 50 feet from the wire fence on the northeast side of the cemetery, 250 feet from the wire fence 
on the northwest side, and about 100 feet from the beach to the northeast. 'fhe signal at the 
azimuth station in the school yard at Juneau hears 10° 341 .o west of true north. 

Station IO, Gold Creek Basin.-The station is about 120 feet north of and across the creek from 
the old blacksmith shop, and on the hillside in the west en<l of Gold Creek Basin. It is 23.2 feet south 
southeast from Post No. r U.S. S. 289, 6.8 fe•~t from a copper nail in the base of an old tree stump to 
the east southeast and 8.2 feet from a second copper nail in the top of a second old stump to the south 
southwest. The tip of a dead tree almost on the brink of the north side of Juneau Hill bears 6o0 531 .4 
west of true south. 

Station I I, Bullion Creek 01· .South Branch of Parts Creek.-The station is on the beach a few feet 
north of the creek and about 50 feet towaPd the channel from the precipitous bank through which the 
creek issues. The north frame of the north window in the red house north of the Stamp Mill at Sheep 
Creek hears 50° 371 .7 east of true i10rth . 

• 'i'tation I2, Gastineatt Cliannet, south of Slieep Creek.-The station is south of Sheep Creek, a little 
northwest of a mass of rock, and on a small semicircular shell-covered beach along Gastineau Channel. 
The left edge of the building on the wharf at Sheep Creek bears 50° 251.1 west of true north. 

Station IJ, Gastineau Channel.-The station is on the beach near high-water mark almost 
exactly 600 feet southeast of the second creek below Sheep Creek. The mark was the first prominent 
bare tree trunk to the right of the cabin, north of the tent, north of Nevada Creek across the channel, 
ancl bears 74° 261 .8 west of true south. 

Station I4, fllarmion lsland.-'fhe station is above the extreme high-water mark on the north 
beach of Marmion Island and is JO or 15 feet north of the most northern portion of the rock bluff. 
The mark, a prominent grave pole in the Indian burial ground across the channel, bears 76° 121 .8 east 
of true north . 

• '>'talion I5.-The station is about 50 feet east of the most southern creek on the mainland. It is 
on the beach not far below high-water mark and is n~arked by a bow Ider a foot and a half in diameter. 
The mark, a prominent post or dead-tree trunk across Gastineau Channel, bears 50° 001.6 west of 
true south. 

Station I6.-The station is on the beach about 50 feet south of the first creek to the south of 
Bullion Creek, and 31.7 feet from an upward projection on a large misshapen stump at about high
water mark. It is almost in line with this stump and the first telephone or electric-wire pole south of 
a large dead-tree trunk south of Sheep Creek Wharf across the channel. This pole is the mark and 
bears 10° 15 1 • 2 east of true north. • 

Station q.-The station is on the beach close to the rocky shore of Stephens Passage, a few feet 
above high water. It is about 10 feet south of a small creek, about the same distance southwest from a 
large granite bowlder and 4.5 feet west from a copper nail driven into a large mass of natural rock. 
The mark, the trunk of a promi.nent tree on a hill across Stephens Passage, bears 69° 501.3 west of 
true south. 

Station I8, Hilda Point.-'rhe station is located on the beach of Stephens Passage, a little to the 
north of the center of Hilda Point, and about 70 feet below the high-water line. The mark, the first 
fence post to the left of the corner of the farm on the creek to the north, bears 14° 521 .4 east of true 
north. 

Station I9, Two Tree Point.-The station is on the beach, some 20 feet below high-water mark, 
and is 69o paces north of the signal erected at about the center of Two Tree Point. The station is in 
line with this signal and a prominent branch projecting vertically upward from a dead tree lying on 
the beach about 15 feet to the north. The mark was a point just below the supports of the signal and 
bears 21° 48'.8 east of true south. 

Station 20.-The station is on Treadwell Point, and is marked by three copper nails in a large 
stump south of the powder magazine. It is about 15 feet from the upper edge of the cliff or rocky wall 
facing the channel. Stations 30, 31, and (B), Bauer's station of 1900 on Bullion Creek, are very near. 
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The north window frame in the red house north of the Stamp Mill at Sheep Creek bears 62° 361 .7 east 
of true north. 

Station 21, near Lemon Crrek.-The station is at about high-water mark on the shore of Gastineau 
Channel, about !<JO feet south of a corner post nearly at the top of the prominent projection south of 
Lemon Creek. It is marked by a boanl, nailed with copper nails to the top of a rotten stump, which 
is 200 yards northwest along the beach from a big dike. The mark is a signal north of Salmon Creek 
and bears 36° 51 1 .6 east of true south . 

• 'ilalio1t 22.-The station is on the Gold Creek delta, some 125 feet below a point taken to he the 
point of separation of the two branches of the creek. It is 10.5 feet southeast from the center of a 
certain stump and is almost in line with this stump and the dead spruce tree at Station 1, Juneau 
Island. This tree is the mark and hears 33° 571.2 cast of true south. 

Station 23, near ,Vcz•ada Creck."-The station is on the first point south of Ne\·ada Creek, at just 
about high-water mark. It is about 400 feet southea-;t of the southern end of the precipitous cliffs 
south of Ne\·ada Creek. About 50 feet inland a small creek issues into the channel. The instrumenL<i 
were set over a "corner post" to some claim and a tree trunk across the channel was used as a mark. 
It hears 25° 371 .2 east of true north. 

Statio1124. -'fhe station is on the north beach of Gastineau Channel, almost exactlyea.<;t of the Tread
well \Vharf, and is 700 feet southeast along the beach from the creek east an<l a little north of Tread
well City. At this place there is a very small "point" formed by a small creek falling down the 
mountain side, and the station. is on the north side of this creek a little below high-water line. The 
mark, the Alaska-Mexican flagpole, bears 39° 231 .0 west of true south. 

5"fation 25.-'fhe station is on the north beach of Gastineau Channel, 418 feet northwest of Shat
tuck'-~ powder magazine, and about 30 feet below high-water mark. The mark, the left window sash 
in the fish house on the end of Douglass City \Vharf, bears 3° 1<j.8 ea.-;t of true south. 

Stafio11 26.-The station is not far north of the north shore of Conee Creek and is ·10.5 feet north
west of the V. S. L. ~lonument No. 5. The mark, the center of the uppennost window in Chief 
Johnson's house across the channel near the south end of Juneau, bears 87° 551 .9 east of true s~uth. 

Station 27.-The station is at the northwest corner of the northermnost point of Douglas Island, a 
little below high-water mark, on the beach facing the mud ancl sand liar. The mark, a tree on the 
rocky projection across the flats, bears 35° 551 .7 east of true north. 

Statio11 28. 'fhe station is on the beach of the cast shore of Stephens Pas.-;age and south of Outer 
Point. The station is about 15 feet below high-water mark and the same clistancc north from the 
southern end of the strip of land ending in Outer Point. The mark, a tree across Stephens Passage, 
bears 70° 021 .o west of true south . 

.S"fation 29.-The station is on the b~ach of Treadwell Point, about 30 feet from the main part of 
the precipitous shore and 131; feet from the pier of the powder magazine. The mark, the signal at 
Juneau School azimuth station, bears 36° 41 1 .7 west of true north . 

• <,"tati011s 30 lo .p.-Trcadwell Point: 'l'hese stations are all very near together and were occupied 
for the purpose of locating the local magnetic pole, the center of marked local disturbance, at this 
place. 

Orca 1.-The station is on the eastern coast of l'rince \Villiam Sound on Cordo\·a Bay. It is about 
1u0 feet hack of Orea post-office, 85 feet northeast of the l'acific Packing and ::-;avigation Company's 

·laborers' bunk house and 150 feet southwest of the west wing of L house back of the post-office, in a 
small cleared space. The station is marked by a rouml spruce stub, 18 inches long a1Hl 4 inches in 
cliameter, with a copper tack in the top, sunk flush with the ground. A prominent dead tree on 
Hawkins Island bears 8<) 0 151 west of true north. 

Orea 2.-'fhe station is very near Orea 1, and is marked by a 3-inch circular fir stub, sunk flush 
with the ground. It is 49.8 feet north of west from Orea I. The prominent dead tree on Hawkins Island 
l~~ars 61° 281 .2 v;est of true north. 

Sitka 1J/ag11elic Observato1J'.-l11 the absolute building. For description of ohserrntory see 
Appendix 5, Report for 1902. 
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Yakutat.-The station is on a narrow point of land, the southerly end of Khantaak Island. It is 
about 30 feet from high-water mark on the Port Mulgrave side and 50 feet from a small lake which is 
about midway between Po~t l\Iulgrave and the De l\Ionti Bay shore. This station is at the extreme 
northerly end of an old Indian graveyard, and is about 250 yards northwest from the mark, the north
west gable of the grave house nearest the Port Mulgrave beach, at the south end of the graveyard. 
This mark bears 30° 5 I '.8 west of true south. The station is marked by a round fir stub, 3 by 18 inches, 
sunk flush with the ground. · 

CALIFORNIA. 

Berkeley, Alameda CounlJ•.-The station is on the grounds of the University of California, west 
of and in line with the north face of South Hall. It is 261.5 feet from the northwest corner of South 
Hall, 31 feet west of the center of the path leading from the gymnasium to Xorth Hall, 46 feet north 
of the path leading from South Hall to the Center street entrance to the grounds, and 54 feet from 
the edge of the driveway. It is marked by a granite post 24 by 8 by 8 inches, set flush with the 
ground and lettered C. S. C. & G. S. The west edge of the gymnasium, just above the porch, bears 
44° 34'.4 west of true south. The northwest edge of North Hall bears r4° 46'.1 east of true north. 

Coat Island, San Francisco Co1mty.-The station is near the center of the plateau just west of 
the hill at the extreme eastern enrl of the island. It is nearly in line with the top of the hill and the 
smokestack at the naval training station and about 50 feet north of the line of the two flagpoles, 
one on the highest part of the islancl and the other on the southern part of the lawn in front of the 
officers' quarters. The station is on the ground belonging to the Anny. It is marked by a rough 
stone 12 by 6 by 6 inches with a flat top in which there is a small hole. '!'his stone projects about an 
inch above ground and has a cairn of loose stones piled over it. The base of tlle flagstaff on the lawn 
hears 42° 471 .3 west of true south. The flagstaff on the highest part of the island hears 44° 59'.5 west 
of true south. 

l'alo A Ito, Santa Clam Co1m(v. --The station is about a mile south from the railroad clepot and 
is on the grounds of Stanford Pniversity. It is about 700 feet northeast of the new gymnasium and 
about 4<X> feet northeast of the Faculty Club House, near the fence which hounds their baseball field 
on the north. It is 12 I feet northwest from a eucalyptus tree ancl is Ir feet from the north fence. It 
is marked by a granite post 24 hy 14 by 7 inches with a drill hole in the top, which projects 2 inches 
aho\'e ground. The cross on Memorial Church bears 36° 05 1 .2 west of true south. 

5a11 Fra11cisco, San Francisco Co1111ty. -The station of 1898 being nu longer available, obser\'a
tions were made at the triangulation station on Presidio Hill. This station is in a northwesterly 
direction from the gate on the south side of the Presidio grounds at the edge of the woods, and is 
markecl by a stone post 6 inches square on top, which projects about 6 inches, and is lettered l'. S. 
C. & G. Sur\'ey, r881. The cross on Lone :1-•lountain bears 34° 06'.2 east of true south. The center of 
the top of Drake Cross hears 27° 03'. 7 west of true south. 

Sanjose, Santa Clara County.-1'he station of 18¢ was reoccupiccl. It is just west of the reser
\'Oir on the hill in the extreme southwestern part of Oak Hill Cemetery ancl is 102 feet from a fence 
corner to the south, 71 feet from the midclle one of three posts to the southwest, and 86 feet from the 
nearest part of the outer face of the cement coping about the reser\'oir. It is markecl by a piece of 
granite 10 inches square on top and 6 inches thick, lettered U. S. C. & G. S., with a drill hole in the 
center. 'rhe court-house flagstaff bears 27° 371 .9 west of true north. The normal school flagstaff hears 
20° 38'.9 west of true north. 

Santa Cruz, Santa Cruz Co1111~v.-The station of r897 was reoccupied. It is on the United States 
light-house reservation, 105 feet from the flag pole, and 42 feet northwest of the center of the top of a 
brick cistern near the roacl fence. It is markecl by a marble post 6 inches square, set flush with the 
ground and lettered l:. 8. C. & G. S. The spire of Twin Lakes Baptist Church hears 60° 34'.3 east of 
true north. 'l'he base of the flagstaff and the hall on the light-house tower each bear 12° 071 .7 west of 
true north. 
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Delaware Breakwater, Susse.r Cozmty.-Triangulation station E of l9<JO was occupied. From 
this station Green Hill I,ight-housc bears 8o0 48'.7 west of true south. Cape Henlopen Light-house 
hears 37° 56'.8 east of true south. 

DISTRICT OF COLU:\lBIA. 

Was/1ingto11.-The principal station was in the small magnetic observatory in the yard adjoining 
the Coast and Geodetic Survey Office. A second station was established in the vacant field west of the 
"Brown-Goode" cottage and the Ontario apartment house, on the bluff overlooking the Zoological 
Park and about south of the present bear pit. It is about 50 feet south of the wire fence of the 
Zoological Park, about 18 feet southwest of a tree, and about 32 feet northeast of an oak tree 20 inches 
in diameter. It is marked by an oak stub 12 by 1 Y. by 1 Y. inches. The dome of the Ontario bears 
61° 02'.8 east of true south. 

GEORGIA. 

Statesboro, Bulloch Cozmty.-The station is on a vacant lot west of the Jaeckcl Hotel. It is 83.5 feet 
from the northwest corner and 92.6 feet from the southwest corner of this hotel. It is also 71 feet 
from the northeast corner of J. \\'. Olliff's rcsiderrce. It is marked with a pine peg driven flush with 
the ground. 'fhe Presbyterian Church steeple bears 32° 19'.3 cast of true south. The Baptist Church 
cupola bears 18° 01'.3 west of true north. 

Tre11to11, Dade lounty. -The station is in a street and is 2 blocks north and about 5 blocks west 
of the court-house. It is 96 paces from a gate in a rail fence north of west, and 100 paces from the 
northwest corner of a small fenced lot owned by Mr. \Villiams. It is marked by a limestone 20 by 6 
hy 6 inches, lettered U.S. C. & G. S., 1903, and projecting I inch above ground. The Cumberland 
Presbyterian Church spire bears 32° 33'.1 cast of true south. The north edge of the chimney on the 
I. 0. 0. F. Hall bears 54° 151 .5 cast of true south. 

GUAM. 

Agat.-The station is near the high-water mark on the beach and about 150 feet southwest of the 
new schoolhouse. ' 

A.t;aila.-The magnetic station is the island triangulation station No. 7 on the northwest corner 
of the old fort above the town. It is r 1 6oo feet north of the naval astronomical station at Fort Santa 
Cruz and 29 700 feet cast of the same. Triangulation station No. 23 on the reef bears 35° r6'.o east of 
true north. 

Dano !sland.-The magnetic station is 110 feet from triangulation station No. 55, on a coral reef 
at the west end of the island. It is in line with this station and triangulation station No. 60, 
which is Schroeder Peak. Triangulation station No. 55 is marked with a short iron tube. From the 
magnetic station Schroeder Peak bears 34° 17'. r east of true north. 

Jllerizo.-The station is in the main street of the town and 350 feet west of the center of the bridge. 
The station is marked with a glass bottle. The azimuth mark is the corner of a house about 800 feet 
distant; this mark hears 57° 01'.6 cast of true south. 

Soumaye.-The magnetic station is on the coral rocks on a bluff about 7u feet above sea level. It 
is about 75 feet southeast of the Coast and Geodetic Sun·cy astronomical station. It is marke<l by a 
coral post with a cross cut upon it. A prominent lone tree on a mountain about 4 miles distant bears 
18° 1 r'.6 east of true south. 

Umata.-The station is in the main street in the middle of the village, and between the houses of 
Jose Sanchez and Vicente Babranta. From this station island triangulation station No. 6o bears 

49° 17'.8 east of true south. 
HAWAII. 

Jlanapepc Bay, Kauai Island.-Magnctic station No. I is on the west side of the bay, 2r2.5 meters 
a little cast of north from triangulation station Cave and 47.5 meters west of ·the edge of the bluff 
along the bay shore. Magnetic station No. 2 is on the east side of the hay, 170 meters a little west of 
north from triangulation station Old and 17.5 meters east of the edge of the bluff along the bay shore. 
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Honolulu, Oa/111 Island.-The station of 1900 was reoccupied. It is in the public yard near the 
government survey building. The precise point is marked by a wooden stake with a nail in the top 
of it, and can be pointed out by members of the Hawaiian survey office. The azimuth mark is the tri
angulation mark on the Punch Bowl, the geodetic azimuth of which is 55° 19'.5 east of true north. 

I-fonolulu Magnetic Observatory, Oalzu Island.-The observatory is about 12Y, miles west of 
Honolulu and about three-quarters of a mile south of the station Sisal on 'the Oahu Railway. The 
observatory is described in Appendix 5, report for 1902. 

Kii, Niilzau Island.-The station is near the anchorage on the northeastern coast of Niihau, about 
2 miles north of the great "pali" or precipice, a little southeast of Aubrey Robinson's house on the 
beach. A fence post about 800 feet distant bears 10° 35'.o cast of true north. 

Nonopapil, Niilzau Island.-The station is on the west coast of Niihau near the usual landing 
place, 456 feet from the large crane at the landing. The crane was used as a mark and bears 25° 54' 
west of true north from the station. 

lf/aimea, .Kauai Island.-The station of 1892 and designated Waimea A was reoccupied. It is 
near the old transit of Venus station occupied by the English party in 1874 and reoccupied by l\lr. 
Preston in 1887 and 1892. The station is 105.3 feet northwest from the face of a steep cliff, 103.5 feet 
from the west corner and 131 feet from the south corner of Doctor Campbell's house. The mark used 
was the triangulation station on Puu o Papai and bears 62° 36'.o east of true south. 

KANSAS. 

Baldwin, Douglas County.-Observations were made in the absolute house of the magnetic 
observatory, or at a point ouL'lide the observatory in line with the azimuth mark. The mark used is 
the flagstaff on Science Hall, Baker University, and bears 48° 20'.6 west of true north. 

Cotto11wood Falls, C/Jase Co1111!J1.-The station is in the northwest corner of the county school 
grounds in the western part of the city. It is 55.2 feet from the north fence, 2r. l feet from the west 
fence, 23.5 feet a little west of south from a small catalpa tree, and 16.2 feet northeast from a second 
small catalpa tree. The station is marked by a Bedford limestone post 33 by 8 by 5 inches, set flush 
with the ground and lettered on top U. S. C. & G. S., 1904. The Presbyterian Church spire bears 
20° 35'.7 east of true south. 

Co1111cil Grove, !Jforris Cormty.-The station is inside of the race track and southwest of the 
amphitheater in the county fair grounds northeast of the city. It is 65.2 feet from the inner fence 
of the race track, 92 feet from the judge's stand, and ro4.2 feet a little west of south from a large 
walnut tree. The station is marked by a limestone post 18 by 8 by IO inches, set flu0: with the 
ground.and lettered U.S. C. & G. S., 1904. The.right edge of the city standpipe bears 61° 41 1 .1 west 
of true south. 

Emporia, Lyon County.-The station ?f 1902 was ~eoccupied. It is in the grounds of the College 
of Emporia, near their southwest corner. The station is 493 feet from the southwest corner of Stuart 
Hall to the northeast, 42.3 feet from a wire fence (at the inner edge of the semicircular drive) to the 
west, ro5.4 feet from the south wire fence, and 15.2 feet from an elm tree (at the edge of a grove to the 
south). The station is marked by a stone post 30 by 7 by 7 inches, sunk flush with the ground and 
lettered on top U.S. C. & G. S., 1902. The steeple of the Arundel Avenue Presbyterian Church bears 
1° 26'.5 east of true south. The apex of the dome of Anderson Memorial Library bears 55° 57'-4 east of 
true north. 

!Jfarion, !Jfarion Cormty.-The station is ·a half mile southeast of the city, on an unsettled tract of 
land. It is II feet east of the west line of Coble street, 12.8 feet south of the south line of \Vcldon 
street, and in Coble street just east of Jot 16 of block 26 of the southern addition. The station is 
marked by a Bedford limestone post 36 by 6 by 4 inches, lettered U.S. C. & G. S., lgo4, on top, which 
projects l inch above ground and has a drill hole in the center to mark the exact position. A cement 
post 30 inches long and 6 inches in diameter and marked with a cross on top, which projects about 5 
inches above ground, was set 295-4 feet due south to mark the meridian. The flag pole on I,. F. Keller's 
house bears 46° 35'.9 west of true north. The Presbyterian Church spire bears 6o0 33'.3 west of true 
north. · 
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• Barboursville, l<trox County.-The station is near the southwest corner of the court-house square, 
30 feet from a large maple tree, 48.8 feet from the west corner of L. C. Miller's store, 57 feet from the 
east corner of Sampson's law office, and 58-4 feet northeast from the south meridian stone. A meridian 
line 346.8 feet long is marked by two sandstones I 2 inches square on top and projecting 6 inches above 
ground. The south monument is lettered U. S. C. & G. S., 1903. Each stone has a 1-inch drill 
hole in its top. From the"magnetic station the spire of the M. E. Church bears 39° 171 .8 west of trne 
north. 

Beattyville, Lt•e Cou?rty.-'fhe station is on a knoll between the depot and the Nina web Inn, 31.5 
feet a little south of west from a large tree and 40.5 feet nearly south from a second tree. The station 
is marked by an irregular triangular-shaped rock with a drill hole in it.<> top. The court-house cupola 
bears 65° 44'.o west of true north. The flagpole on the Beattyville bank bears 72° 531.0 west of true 
north. Declination observations were also made at a point 120 feet north of the magnetic station. 

Boonville, Owsley Counly.-The station is in the southeast corner of the court-house square, 43.2 
feet from the southeast corner of the court-house, 20.r feet from the south fence, aud 36.2 feet from 
the east fence. It is marked by an oak peg. The southwest edge of the M. E. Church bears55° 47'.r 
east of true south. The southeast edge of Doctor Sanders's house bears 13° 55'.4 east of true north. 

Rrooksvilfr, Bracken Co1111ty.-Thc station is in the court-house square between the sheriff's office 
and the jailer's residence. It is 42 fc.et north and 7.8.feet cast from the south stone of a meridian line 
173.6 feet long. The south monument is a stone 24 hy 17 by 7 inches, with a drill hole in its top, 
which is flush with the ground. It is 29. 2 feet from the southwest corner of the sheriff's office and 
22.2 feet from the northeast corner of the county superintendent's office. From the magnetic station 
the southeast gable of Sam Hawes's barn bears 72° 37'. r west of true north. 

Ca111pto11, TVoife Co1111ty.-The station is in the northeast corner of the court-house square, 9.6 feet 
from the north fence, the same distance from the east fence, and '35.8 feet fro111 the northeast corner 
of the court-house. It is marked by a sandstone 24 by 9 by 7 inches, projecting 2 inches above ground, 
with a drill hole in it~ top. The cupola of the \\'esleyan Academy bears 73° 001 .5 west of true sot1th. 
The east gable of the public school bears 89° 14'.o west of true north. 

Falmont!z, Pc11d!eto11 Co1111ty.-The station is in the court-house yard, 59.5 feet from the northwest 
corner of the court-house and 25.9 feet from the west fence. It is markecl by a wagon spoke driven 
flush with the ground. The Catholic Church steeple hears 13° 59'.4 west of true north. The cupola 
of the I.,utheran Church bears 11° w'.4 west of true north. 

Fre11r/1fmrg, Jlfenifee Co1111ty.-'fhe station is in the northeast corner of the court-house square, 
28.2 feet from the east fence, 22. l feet from the north fence, and 41 .3 feet from the northeast corner 
of the court-house. It is 111arked by a stone 6 inches square on top, on which a cross is cut. This is 
the north end of a 111cridia11 line 100 feet long, established by the United States Geological ~urvey. 
The south end of this line is similarly marked. The cupola of the M. E. Church hears 18° 53'.5 east 
of true south. The center of the chimney on the E. HoO\·er 111ills bears 39° 28'.2 cast of true north. 

Gcorgetouin, Scoff Cozmty.-'fhe station is in the northwest corner of the Baptist College grounds 
3.6 inches west of the center of the north meridian stone. The meridian line is 345 feet long. The 
north stone is 31 by 10 by 4 inches, with a drill hole in its top which projects 7 inches above the 
ground. The south stone is 43 by 4 by 7 inches, .with a cross cut on it.~ top which projects 1 foot abO\·c 
ground. From the magnetic station th.e cupola of the Colored Baptist Church on Mulberry street hears 
27° 40'.3 west of true north. The spire of the Haptist Church bears 81° 16'.5 west of true north. 

Il"arla11, ll"arlan Counly.-The station is in the cour-t-house grounds, in line with the north eml 
of the court-house and 5r.5 feet from its northwest corner. His marked hy an oak peg driven flush 
with the ground. A meridian line about 600 feet long is established in the street on the west side of 
l'.1e court-house. The north stone is at the north encl of the street near its west side, and the south 
stone is at the south end of the street near it~ cast side. The south monument is a harrl sandstone 36 
inches long, champered off to about ro inches square on top, which projects 9 inches al>ove the ground. 
The north stone is 30 inches lonz, squared to about 7 inches on top and sunk fh1sh with the sidewalk. 
Each stone has a drill-hole in the center of its top. The cupola of G. W. G;een's house bears from 
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the magnetic station 18° 27'.6 west of true north. The southwest gable of the Harlan Hotel bears 
1° 241 .6 west of true north. 

Harrodsburg, llfercer County.-The station is in the grounds of Beaumont Female College a little 
south of east from the college building and 103.7 feet from the northeast corner of the hothouse. It 
is marked by a sandstone 16 by 8 by 7 inches set flush with the ground and with a drill hole in the 
center of the top. The east gable of the college barn bears 23° 40'.4 west of true south. 

fla:::ard, Peny Co1111(v.-The statiGn is near the top of a hill behind the schoolhouse and almost 
in line with the north line of the schoolhouse lot. It is 200 feet from the northeast corner of the 
schoolhouse, 45 feet from a fence, and 465.5 feet from an iron pipe set in the ground. The station is 
marked by a sandstone I 2 by 13 by 14 inches set flush with the ground. The cupola of the Presby
terian Church bears 20° 14' .6 west of true south. The court-house cupola bears 25° 54' .6 west of 
true south. The Baptist Church spire bears 39° 58'.9 west of true south. 

flind111a11, Knott Co1mty.-The station is in line with the east end of the post-office building and 
also with the east end of Carew Smith's reside1ice. It is on the south side cif the creek near the fork 
and is marked by a hickory peg driven flush with the ground. The cupola of the 1\:1. E. Church 
bears 82° 33'. 1 west of true south. The court-house cupola bears 79° 421 .o west of true north. 

1-/yden, Leslie Co1mty.-The station is in the college grounds, south of the building and approxi
mately in line with its west end, and 60. 7 feet from the southwest corner of its stone foundation. The 
station is marked by an oak peg driven flush with the ground. The cupola on the old schoolhouse 
bears 63° 201 .9 east of true north. The east gable of T. H. Hyden's house bears 79° 431 .o west of 
true south. 

Inez, 11/artin Couuty.-The station is on the grounds of the Royal Hotel, 25 feet from its north
west corner and 28 feet from the north fence. It is marked by a hickory peg driven flush with the 
ground. The northwest edge of the court-house bears 32° 051 .2 cast of true north. 

fn;i11e, Estill County.-The station is in the southwest corner of the court-house square, 45-4 feet 
from the south fence, 31.2 feet from the west fence, and 51.2 feet from the southwest corner of the 
court-house. It is marked by an oak peg driven flush with the ground. The southeast edge of Powel's 
saloon bears 15° 40'.7 west of true south. The northwest edge of the jail bears 79° 24'.7 east of true north. 

Jackson, Breathitt Co1111ty.-Observations were made over the north monument of a meridian line 
established by D. L. Ha?.ard in 1900 in the grounds of the S. P. Lee Memorial College. 'fhe cupola 
of Little Hall hears 25° 401 .6 east of true south. The cast gable of the Arlington Hotel bears 84° II'.2 
west of true north. 

Lancaster, Garrard Co1mty.-The station is in the town cemetery north of the receiving vault and 
a little west of the center of the driveway. It is I0-4 feet west of the stone rail around the Hiatt lot, 
29 feet from the northeast corner of the base of the Allen 0. Hiatt monument, and 19.8 feet from the 
northeast corner of the base of the Louisiana Salter monument. It is marked by a peg flush with the 
ground. The Baptist Church spire bears 25° 55'.3 west of true north. The cupola on the M. E. Church 
bears 69° 26'.8 west of true north. The east clock face on the court-house bears 54° 14'.9 west of true 
north. 

Lawrenceburg, A11derso11 Co1t11ty.-'fhe station is in a pasture belonging to the estate of John 
Dowling and across the pike opposite the residence of J. C. Vanarsdall. It is 19 feet from an oak 20° 
north of east, 22.5 feet from a second oak 8° east of south, and 87 feet from a third oak 2° north of 
west. It is marked by a rough limestone 22 by 6 by 6 inches projecting 2 inches above the ground 
with a drill hole in the top. The east face of the court-house clock bears 79° 33'.8 west of true south. 
The cupola of the Christian Church hears 82° 07'.4 west of true south. 

J,011do11, Laurel County.-The station is in the grounds of the Southern Methodist Memorial Col
lege between the college building and the principal's residence. It is marked by a sandstone 24 by 9 
by 9 inches set flush with the ground and with a drill hole in the top. This is the south end of a meri
dian line 450.5 feet long. The north stone is 24 by 8 by 8 inches, set flush with the ground and with 
a drill hole in the top. This point is almost in line with the southeast side of the college building and 
is 30.8 feet from its southeast corner. The steeple of the M. E. Church South bears from the south 
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stone 30° 55'.2 east of true north. The steeple of the M. E. Church North bears 31° 261 .6 east of true 
north. The steeple of the Baptist Church bears 18° 28'. 7 east of true north. 

Louisa, Lawrence Co1111ty.-The station is on the east side of the court-house square, 84.8 feet 
from the south corner of the court-house and 37.2 feet from the north corner of the Southern Metho
dist Episcopal Church. It is marked by a marble post 24 by 5 hy 5 inches s~t flush with the ground 
and with a driJI hole in its top. This is the south end of a meridian line 254.8 feel Jong, the north encl 
of which, near the east fence, is similarly marke<L The southwest gable of Mrs. l\1. J. Ferguson's 
house bears from the south stone 65° 28'.6 ea~t of true south. 

llfa11clzester, Clay County.-The station is in the court-house square in line with the north side of 
the court-house and 139.5 feet from its northwest corner. It is marked by an oak peg driven flush 
with the ground. A certain church cupola hears 18° 261 .6 west of true south. The southwest edge of 
the court-house bears 65° 21 1.0 east of true south. 

life.Kee, Jackson {011111'.v.-The station is in the southwest corner of the court-house square, 29.4 
feet from the south fence, 18.6 feet from the west fence, and 55.8 feet from the northwest corner of the 
court-house. It is marke<l hy a hickory peg driven flush with the ground. The cupola of the 
Christian Church bears 6° 51'.1 east of true north. The northwest edge of the jail bears 55° 53'.2 
east of true north. 

!Jfo11ticello, Wayne Comzty.--The station is in private grounds belonging to :\Ir. J. H. Shearer and 
adjacent to and north of Ramsey's Hotel. The station is 17.2 feel from the southwest fence and 37.2 
feel from the southeast fence of these grounds. It is marked by an oak peg driven flush with the 
ground. The southwest gable of J. H. Shearer's house bears 63° 34'.8 ea5t of true south. The 
northeast edge of Ramsey's Hotel bears 8o 0 461.1 west of true south. 

Owe11to11, Owen County. -'fhe station is on the fair grounds in front of the grand stand arn! just 
inside the race track. It is 66.7 feet from the southeast corner and 48.9 feet from the northeast c:irner 
of the grand stand. It is marked by a hard limestone 24 hy 5 by 3Y, inches sunk flush with the 
ground and with a drill hole in its top. The court-house cupola bears 40° 451 .7 west of true north. 
The north gable of "Billy" Moore's house hears 17° 28'.6 west of trne south. 

Pai11tsz•illc, Jolmson Co1111ty.-The station is on the public-school grounds northwest of the build
ing. It is 16.2 feet from the north fence and C}<J.6 feel from the northwest corner of the school lmild
ing. It is marked by a stone 43 by 5 by 7 inches projecting 6 inches aho\·e groun<I ancl with a drill hole 
in the center of its top. The middle of the tablet over the north door of the court-house bears 0<> 0 00'.4 
west of true south. 

Pikeville, Pike Co1111ty.-The station is in the grounds of the Presbyterian College east of the 
main building. It is 59.5 feet from the east corner of the huil<ling and 15.8 feet from the east fence. 
It is marked hy a stone 14 by 18 hy 4 inches set flush with the grouncl and with a drill hole in its top. 
This is the north end of a meridian line about 350 feet long. 'fhe south end is ahout 8 feet north of a 
tree 12 inches in diameter an<I on the south hank of the river. It is niarke<l by a sandstone 30 hy 8 
by 6 inches projecting 4 inches above ground and with a drill hole in its top. The south clock face 
on the court-house hears 43° o6'. I east of true north. The southwest gable of \V. T. Huffman's house 
bear~ <>0° 36'. 2 east of true north. 

l'i11cvil/e, Hell Cormty.-The station is in the northwest corner of the court-house square 25 feet 
from the west fence and 30.3 feet from the north fence. It is marked hy a hickory peg driven flush 
with the ground. A meridian line passing through the magnetic station was marked on the curbstones 
on the north and south sides of the square. The north meridian mark is 14.7 feet from the northwest 
corner of the curbing. The cupola of the Baptist Church bears 68° 531 .6 west of true south. The 
Christian Church cupola hears 34° 071 .9 west of true north. 

Prt'slonsburg, Floyd County. --The station is near the north corner of the court-house square, 19.9 
feet from the northwest fence, 26. 7 feet from the northeast fence, and So.6 feet from the north corner 
of the court-house. It is marked by a pine peg set flush with the ground. 'fhe cupola of the :Metho
dist Episcopal Church South bears 6o0 

201 .9 west of true south. The cupola of the Presbyterian 
Church bears 45° 08'.9 east of true south. 
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Salyersville, J1fagoffin County.-The station is on a vacant lot north of the court-house and 
belonging to the heirs of 'Villiam Adams. It is 33.4 feet south and 2.2 feet west of the north meridian 
stone which is 27 hy 5 by 5 inches and projects 5 inches above groutJ(I. 1'he meridian is 441 feet long; 
its south mark is a certain church cupola. From the magnetic station this church cupola bears 00° 

17'.S east of true south. The cupola on the public school bears 6° 48'.9 west of true south. 
Sandy Hook, Elliott Cou11ty.-The station is near the west corner of the court-house square, 64.2 

feet from the west corner of the court-house. It is marked by a large irregular-shaped stone, set flush 
with the ground and with a drill hole in its lop. The east gable of the Rose Hotel bears 67° 02'.6 west 
cf true south. The north edge of the Masonic Hall hears 52° 11 1 .0 west of true south. 

Somerset, Pulaski County.-The station is in the large open grounds to the rear awl east of the 
Cumberland Hotel in South Somerset. It is 32.2 feet from the south fence and 29.1 feet from the east 
fence of these groutJ(ls. A lent peg drh·en flush with the ground marks the station. The west edge 
of the west oil tank, ~;( of a mile distant, hears 21° 18'.5 west of true south. The southwest edge of 
the Cum berlarnl Hotel bears 88° 461 . 7 west of true south. 

Sta11to11, Powell Co1111(1'.-The station is in the rear of A. T. Pettit's saloon in line with the east 
side ancl 86.6 feet from its southeast corner. It is marked by n peg clrh·en flush with the ground. 
The cupola on the court-house bears 20° 54'.4 east of true north. The Pre,;byterian Church belfry 
hears 36° 05'.2 east of true south. 

Versailles, /Vood/ord Om11(1'.-The station is in the northwest corner of Versailles Cemetery 
about 150 feet from the west fence ancl about 21 feet from the edge of the terrace. It is 4 inches 
south and 16 inches east of the north meridian stone. This stone is marble, 28.5 by 9.5 by 9.5 inches, 
with a clrill hole :in the center of its top, which is lettered U. S. C. & G. S., 1903, aml projects 2.5 
inches above grouncl. About 400 feet south of the north stone is a sanclslone 16 by 15 by 12 
inches, with a clrill hole in its top, which projects 3 inches above grouncl. From the magnetic 
station the spire of the l\kthodist Episcopal Church bears 17° 29'.3 west of true north. The spire of 
the Presbyterian Church bears 1° 11 1.8 west of true north. 

/Vest Liberty, J1f01;f{a11 lo1111l)'.-'I'he station is 33.9 feet southeast from the southeast corner of 
Commercial Inn and 38 feet from the southwest corner of the sample room or hotel annex. It is 
marked by a stone 14 by 5 hy 6 inches with a drill hole in its top which is flush with the ground. The 
court-house cupola hears 21° 25'. 2 west of true south. 

/V'1ilesb111:i;, Ldchcr Co1111/y.-The station is in the court-house sqnare in line with the east sicle 
of the court-house arnl 42.1 feet from its southeast corner. The station is markecl hy a sanclstonc 22 
hy 6 by 4 inches, with a clrill hole in its top, which is flush with the ground. A church cupola bears 
30° 10'.6 east of true north. The cast gable of M. D. Lewis's house bears 43° 18'.9 west of true north. 

/Villla111sb11rg, IV!iitley Cou11ty.-The station is in the court-house square 46.3 feet southwest from 
the southwest corner of the court-house, 64.2 feet from the west corner, and 35.2 feet from an iron 
fence to the southwest. It is markc<l by a sandstone 20 hy 6 by 6 inches with a drill hole in its top, 
which is flush with the ground. '!'he north end of the meridian line, established by n. I,. Hazard in 
1900, hears uo0 01 1 .8 west of true north. The cupola on the brick store south of the court-house bears 
6° 25'.6 east of true south. 

/Villiamstown, Cra11t Co1111ly.-The station is near the southwest corner of the court-house square. 
It is 9 feet from a drill hole macle in the west stone wall 25.1 feet from its southwest corner, ancl is 8.2 
feel from a second drill hole in the same wall 32.4 feet from its southwest corner. The station is not 
markecl. The cupola on Doctor O'Hara's house bears 39° 351 .6 west of true south. The northeast 
edge of the opera house bears 7° 171 .9 east of true south. 

LOUISIANA. 

Abbed/le, Vi'l'"l11ilio11 Paris/1.-The station is in a pasture belonging to Mr. Lege, which is north 
of the Eunice Branch of the Southern Pacific Railroad and of the railroad station, Abbeville. The 
station is about 15 feet east of a sleep bank which forms the eastern bank of the Vermilion River. 
The mark is the tip of the ventilator in the west gable end of a schoolhouse about 200 yards east. 
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This bears 78° 22' ea-;t of true south. The station is marked by two iron pipes set in the azimuth line 
produced to the west. The first one is 8 feet from the station and is 2 feet long and U inch in 
diameter. The second one is 14 feet from the station, is 1 Y, feet long, and r inch in diameter. 

Alexandria, Rapides l'arislz.-The station of 1901 was reoccupied. It is in the national cemetery 
at Pineville, on the east side of Red River. It is marked by a marble post 6 inches square, set so as 
to leave 3 inches projecting above ground. This post is 135 feet from the brick fence on the southeast 
side of the cemetery and 223.8 feet from ·the brick fence on the northeast side. The top of the well 
house at the superintendent's lodge in the southern part of the grounds bears 46° 27 1

• o west of true 
south. The southwest corner of the brick stable bears 24° 141

• 9 west of true south. 
Anse-la-Butte, St. llfartin nwish .-The station is in the center of the oil field between Lafayette 

and Breaux Bridge, as shown in the forthcoming Louisiana Geological Survey Report. 
Arcadia, Bienville Parislr.-The station is on the prolongation of the meridian line established 

by Dr. G.D. Harris, of the State Geological Survey. It is 151.1 feet north of the present north monu
ment and 216.7 feet from the northwest corner of the court-house. The station is marked by a rough 
concretionary bowlder set flush with the ground and having a cross ( +) to mark the exact point. 
The spire of the Methodist Church hears 63° 21'.8 east of true north. 

Averys Island, Iberia /'aris/1.-0bscrvations were made over the south monument of the meridian 
line previously established by Dr. G. D. Harris, of the State Geological 8urvey. 

Baldwin, St. llfary l'arislr.-The station is marked by a stake driven in a le\·ee along the south 
side of a ditch. This stake is east of the Southern Pacific Railroad depot and section house and is 
about 30 feet northwest along the levee from a road running northea5t and southwest and across the 
railroad. The mark, a small cupola one-half mile distant, bears 72° 061

• 2 east of true south. 
Bastrop, 11/orelrouse Parish.-The station is on the meridian line produced, being 265-4 feet south 

of the present south monument. It is in the open lot south of the school yard and is marked by a 
pine post 6 inches square projecting 2 inches above ground, and having a nail in the top to mark the 
exact point. The spire of the Episcopal Church bears 35° 31'.o west of true north. 'fhe meridian 
line was established by Dr. G. D. Harris. 

Be11fo11, Bossier Pan's/1.-The station is in the vacant lot southwest of the court-house. It is 78.5 
feet from the fence to the south and 89 feet from the fence to the west. The station is marked by a 
large sandstone 1 ow Ider projecting 3 inches above ground and having a cross to mark the exact point. 
The spire of the Presbyterian Church bears 31° 49' .o east of true north. Two limestone posts, each 6 
by 8 by 30 inches, projecting 4 inches abo\·e ground, and having a cross to mark the exact point, are 
set in the court-house yard, and with the magnetic station form a meridian line. The south stone is 
147 feet north of the magnetic station and 69.8 feet from the southwest corner of the court-house. 
The north stone is 204 feet north of the south monument and is 69.0 feet from the northwest corner 
of the court-house. 

Clie11eyvi!le, Rapides Pan'slz.-The station is in the fields southwest of the Texas Pacific Railroad 
depot. It is about 110 feet west of a narrow road running north and south and 40 feet west of the 
intersection of two paths, which with the narrow road surround a negro hut and barn on three sides. 
The station is marked by a stake. The Baptist Church spire bears 6° 49' east of true north. 

Colfax, Grant Paris/1.-The station is on the left or north bank of Red River, about one-fourth 
of a mile almost due south of the court-house. It is IIo.7 feet from the northeast corner of a lot owned 
by J. H. McNeeley; 119.5 feet from the northwest corner of a lot belonging to Edd Evans, and 128.5 
feet from the southwest corner of the lot of Mrs. Calhoun, these last two lots being on opposite cor
ners of a street running northeasterly from the river and at its intersection with the street running 
along the river. The station is marked by a sandstone bowlder set flush with the ground and having 
a lead plug to mark the exact point. A meridian line was marked by a similar stone, set 267.5 feet to 
the north and 10.8 feet from the west fence of Dr. W. J. Robert's yard. The spire of the Catholic 
Chnrch bears r6° 3r'.6 west of true north. The court-house spire bears 3° 011 .9 west of true north. 

Cote Blanche, Iberia Paris/1.-The station is in the center of the island In the locality known as 
"Oak Hill,'' perhaps 150 feet westward fron the former U. S. C. & G. S. triangulation monument now 
destroyed. 
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Coushatta, Red Riva· Parish.-The station is southeast of the court-house and is about 9 feet from 
the west edge of the street running south past the court-house yard. It is marked by a limestone post 
6 by 6 by 36 inches, projecting 4 inches above ground and having a cross to mark the exact point. 
This is the south monument of a meridian line 367 .9 feet long, the north em! of which is marked in a 
similar manner. This north monument is 75. 7 feet from the northeast corner of the court-house, 44.0 
feet from the east fence, and 7. 7 feet from the north fence of the court-house yard. 

E11a11;;eline, Acadia Parish.-The station is near the southeast corner sec. 45, T. 9·s., R. 2 \V. 
It is just north of a small brook flowing through the southern portion of the oil field, and is 800 feet 
west of the bridge on the north and south road, passing on section line through the oil field. It is 
marked by a wooden plug drh·en in the ground. 

Farmerville, Union Parislt.-The station is about one-fourth mile southeast of the court-house in 
an open lot owned hy J. :'.1. Smith, which is on the east side of the road lo Cox's Ferry. The station 
is ;6.6 feet from the fence to tf1e east, 73.7 feet from the fence to the south, and 115.7 feet from a 
lone pine tree near theedge of the road. The station is marked by a brown sandstone bowlder, set 
flush with the ground and having a cross to mark the precise point. Two similar stones set directly 
north of th~ magnetic station mark the meridian, the south stone being 410 feet and the north stone 
S50 feet north of the magnetic station. From the magnetic station the southwest corner of the jail 
bears 10° 58'.8 west of true north. 'l'he east gable of the Knights of Pythias hall bears 6c :?51.2 west 
of true north. 

1'ioyd, 1Vest Carroll Parislz.-Thc magnetic station is in the open lot south of thecourt-houseand 
37.6 feet north of a fence. It is marked by a 6-inch sewer pipe filled with mortar and·embedded in a 
mass of mortar. A large spike set in the mortar marks the exact point. The steeple of the Methodist 
Church bears 22° 55'.2 west of true south. Two monuments similar to the above, with the magnetic 
station, mark the meridian line. The south monument is 174. 7 feet north of the magnetic station, 
158. 7 feet southwest of the southwest corner of the court-house, 8.8 feet north of the south fence, 
and 30.8 feet east of the west fence of the court-house yard. The north monument is 269.6 feet north 
of the south motnnnent, 132.2 feel northwest of the northwest corner of the court-house, 7.3 feet south 
of the north fence, anrl 33.1 feet east of the west fence of the court-house yard. 

J-i-1111kli11, .':it. J)faiy Paris/J.-Tlte station of 1903 was reoccupied. It is the north stone of a 
meridian line established in 1902 by Dr. G. D. Harris, of the State geological sun·ey. This linl'! is 
554.5 feet long and in a pasture across Bayou Teche, opposite the whan·es. Part of this pasture is now 
used as a race track. The meridian line is marked by two sandstone posts about 8 inches square, with 
a hole filled with lead in the center of the top of ea(.h. The south stone is about 100 feet from the 
bayou and close to a fence; the north stone is about 100 feet north and someV.·hat more than 100 feel 
ca~t of the inner fence of the race track. From this stone the flag pole on the jail bears 37° 1o'.8 west 
of true south. The west edge of the city standpipe bears 88° 251 .t; west of true south. 

Fra11kli11ton, Washington Paris/J.-The station is on the grounds of the Franklinton Collegiate 
Institute, in the nortlrn estern part of town. It is southeast of the college building and cast of the 
dormitory. The station is 33.2 feet east of a sweet-gum tree, 51.0 feet from the southeast fence and 59.7 
feet from the northeast fence of the college grounds. It is marked hy a large sandstone bow~de.r, 
projecting about 2 inches ahm·e ground and having a cross to mark the exact point. The spire of the 
l\lethoclist Church hears 5 I 0 261 .4 east of true south. The meridian line is marked by a second sand
stone howlder set about 635 feet north of the magnetic station on the property of Mr. Robert Babiugton. 
It is about 25 feet from a large oak tree and 15 feet from the corner of the rail fen<.>e inclosing the field 
to the west. 

(;ramie Cote TVt"eks lsla11d, salt mine, Iberia Paris/1.-The station is a little north of west from 
\Veeks's residence, in the northwestern part of the island. It is south of a road leading past the resi
dence to a landing on the south bank of \\'eeks Bayou. 

Grd11a,jefferso11 Parisli.-T~1e statio11 is in the baseball grounds about 6 blocks southeast of the 
court-house, being 59 feet from the southwest fence and 38.8 feet from the southeast fence. It is 
marked by a post of Georgia marble, 6 inches square, set flush with th~ ground and having a cross 
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to mark the center. A similar post 291.3 feet to the north marks the meridian line. This north stone 
is 5 feet from the 1:,>Tand stand to the northeast and 22.6 feet from the grand stand to the northwest. 
The steeple of the" Old Colored" Baptist Church bears 51° 28'.5 west of true north. The east edge 
of the water tower at the Union Iron Works (in New Orleans) bears 16° 571 .9 west of true north. 

Harriso11bu1;g-, Catahoula Paris/1.--The station is in the meridian line established by Dr. G. D. 
Harris upon the property owned by J.E. Griffin. It is i25.7 feet north of "S" stone in the meridian 
line. The magnetic station is marked by a sandstone howlder set flush with the ground and having a 
cross to mark the exact point. 

1-lomer, Claiborne Parish. -'the station is in the parish fair 1-,rrounds south of the city. It is 
southeast of the race track in an open space covered with small pine stumps and is 61 .3 feet from the 
south fence, 58.8 feet from a large pine tree north of cast, and 23.5 feel from a second pine tree to the 
northwest. The station is marked by a large tile, filled with cement and having the neck of a bottle 
in the center. A similar tile set 875 feet north marks the meridian line. 'fhis north monument is 
near the hank of a creek and is I7-4 feet east of a wild-cherry tree and l<X> feet from the southwest 
corner of the largest fair building. The spire of the colored M. E. Church hears 21° 551 .4 west of true 
north. The spire of the court-house bears 11 c 33'.9 east of true north. 

Jennings, Calcasieu Parish.-The station is 40 feet south of the middle meridian monument in 
the meridian line previously established by Dr. G. D. Harris. This line is l mile ea,~t of the town. 
The observations were made at the north base of the south levee of the 1\-lcFarlain Canal. 

Lafayette, J,a/ayette Parislz.-The station is 390 feet due south of the south monument of the 
meridian line previously established by Dr. G. D. Harris, back of the grounds of the Industrial 
School. 

Lake Clzarles, Calcasieu Parislz .-Observations were made over the north monument of the 
meridian line established by Dr. G. D. Harris on the grounds of Lake Charles College. This stone is 
about 7 feet inside the north fence. The south stone is near the south fence of the college grounds, 
which are nearly bisected by the meridian line. Roth stones are marble posl<; 4 inches square embedded 
in a solid mass of concrete. The exact point is marked by a small copper nail in the center of a hole 
filled with lead. The east gable of the Baptist State Orphanage bears 49° 221• 1 west of true south. 

Lake- Providence, East Carroll Parisll.-The station is in the lot owned by Miss Ethel :i\IIontgom
ery and south of the court-house yard. It is 27.6 feet from the fence to the northwest, 37.3 feet from 
the fence to the southwest, and 74.8 feet from the west corner of a very small one-story and one-room 
brick building. The magnetic station is marked by a block of cement 6 by 8 by 14 inches set flush with 
the ground and having a cross to mark the exact point. The spire of the African ~iethodist Church 
bears 64° 511 .8 west of true north. Th~ meridian line is marked hy the magnetic station and two stones, 
each 16 by 16 by 12 inches, set flush with the ground and having a large hole to mark the exact point. 
These two stones are near the fences of the court-house yard, the south stone being 193.7 feet north of 
the magnetic station and 7 feet inside the southwest fence of the court-house yard and the north stone 
being 284.7 feet north of the south stone, 20 feet inside the northeast fence of the court-house yard, 
and almost in line with the southeast fence around the jail. 

Leesville, Vernon Parish.-The station is in the garden of Mr. Elzie Stokes, parish surveyor, and 
about 1 Yz miles northeast of Leesville. It is 22. 7 feet from the east fence, 48-4 feet from the north 
fence, and 70.5 feet from the south fence of the garden. :rhe station is marked by a copper nail in the 
end of a pine post, set flush with the ground. The east gable of Mr. ::vi:. Smart's house bears 86° 15'.2 
west of true south. The west gable of M. J. Mitchell's barn bear.- 73° 241 .4 cast of true south. 

Jlfansfield, De Soto Paris/1.-The magnetic station is 99.8 feet from the south stone of a meridian 
line established by Dr. G. D. Harris, and is in the direction of the azimuth mark, the steeple of the 
Seventh Day Adventist Church. 1'he station is also loo.8 feet from the wire fence to the south and 85 
feet to the corner of the wire fence west of south. It is marked by a pine stake driven almost flush with 
the ground. The steeple of the Seventh Day Adventist Church bears 18° 31 1 .4 west of true north. 
The cross on the Episcopal Church bears 58° 231 .6 west of true north. 
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11'fany, Sabine Parish.-The station is the south stone of the meridian line established by Dr. G.D. 
Harris. It is in the lot west of E. C. Dillon's house, 18.5 feet north of a wild crab-apple tree, 40 feet 
from the fence on the north side of the road, and 82.3 feet from the fence on the west. The station is 
marked by a calcareous lignitic bowlder set flush with the ground and having a cross to mark the 
exact point. A stone goo feet north and near the edge of the pine woods marks the meridian. The 
court-house spire bears 76° og.5 east of true-south. 

11farble Q11arry1, St. J,andry Parish.-The station is at an abandoned quarry now overgrown with 
pine forest in Sec. 34, 'r. 3 S., R. 1 W. It is southwest of three old kilns and the camp and is south
east of the lime quarry. Caney branch is north and east of the station. Two stakes were set 340 feet 
apart and ·observations made over the north stake. The south stake bears 13° 311 .5 east of true south. 

11farksville, Avoyelles Parish.-The station is 22 feet north of the south monument of the 
meridian line established by Dr. G. D. Harris in 1903. This line is on the public Poor Farm. 

Jl!inden, 1J7ebster Parish.-The station is on the lot of the city pesthouse, which is about 17-( 
miles northwest of the city. It is about 8o yards north and west of the pesthouse and 76. 7 feet from 
an oak tree east of north. The station is marked by a large tile filled with cement and having the 
neck of a bottle at the center. Two other similar monuments were set to mark the meridian line, the 
south monument being 268.8 feet south of the magnetic station.and about 6 feet from the south fence, 
while the north monument is 179.4 feet north of the magnetic station and about 18 feet from the 
road. The north gable of Mrs. Delphi Brown's house bears 49° o6'.7 west of true south. 

Jllonroe, Ouadzita Parislz.-The station is in a pasture belonging to ::\Irs. Genie Layton and is 
about three-fourths mile south of the court-hoi1se. It is 6o feet from the east bank of the Ouachita 
River, 35 feet from a deep gully to the east and 75 feet from the fence to the south (the present line 
of the city limits). 'fhe station is marked by a Redford limestone post 6 by 8 inches, projecting 4 
inches abo\'C ground and having a small hole to mark the precise point. The northeast corner of the 
new brick cotton mill bears 39° 161 .5 cast of true south. The spire of the Colored Baptist Church 
hears 5° 291

• 1 cast of true south. A similar monument, set 558.5 feet north of the magnetic station 
a1rd near the fence along the roarl. to Columbia, marks the meridian line. 

lVatchitoclies, .Natclzitodzes Parish.-The station is in the meridian line established by Dr. G. D. 
Harris upon the normal school grounds. It is 407.8 feet north of the present south meridian monu
ment, which is about 25 feet south of the east ancl west road through the woods, and is 244.3 feet 
south of the present north meridian monument which is about 4 feet inside the northern line fence. 
The magnetic station is 13.5 feet from a smail cedar tree north of west, 6o.5 feet from the northwest 
corner, and 113 feel from the southwest corner of the poultry yard. It is marked by a brown sandstone 
bowldcr, set flush with the ground and having a cros.<> to mark the exact point. The south gable of 
J. H. \l\lilliams's house bears 44° 43'.8 east of true north. 

/\Tew Iberia. Iberia Parish.-Thc station is southwest of the New Iberia Baseball Park, northwest 
of a ditch running by the south corner of the baseball park, and south of a pond and road leading to 
the northeast. The station is north of a fence running northwest and southea~t. The Catholic Church 
spire bears 87° 05 1 .5 east of true south. 

Oakdale, Calcasieu Pan's/I. -The station is in a clearing one-sixth of a mile almost due east of 
Oakdale. It is north of the road to Oakdale from Chicot and is west of an abandoned wooden house. 
The station is markerl. by a fat pine stake, 1.2 feet long, 0.3 feet in diameter, driven nearly flush with 
the surface. 1'he north edge of a chimney on a house to the west bears 79° 31 1 .8 west of true south. 

Opelousas, St. La11dry Parisli.-The station is 18 feet south and J.6 inches east of the south mon
ument of the meridian line. The north monument was used as a target, being distant 400 feet. This 
meridian line is in the public cemetery about one-half mile east of the court-house. 

I'laq11emi11e, lber11ille Parisll.-The station is about one-third mile south of town in Mr. Ed\~•ard 
Desobry's pasture. It is about 500 feet west of Mr. Desobry's house, 82.6 feet from the west corner of 
a large shed, 21 feet from the middle of a large ditch to the southeast, and 42 feet from the middle of 
a second large ditch to the southwest. The station is marked by a Bedford limestone post, 6 inches 
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square, set flush with the ground and having a cross to mark the exact point. The Catholi:: Church 
spire bears 2° 21' .o west of true north. A second limestone p<ist marks the meridian. It is 652.5 feet 
north of the magnetic station, 13.5 feet inside the fence along the road, and 99.4 feet southwest from 
the south gatepost at the gate of the lane leading to the Desobry house. . 

Point a fa Hache, Plaquemines Parish.-The station is in the open lot between the court-house 
and the Mississippi River. It is 147 feet from the south post of the gate to the court-house yard and 
48 feet from the west corner of a house owned by John Johnson. The station is marked by the neck 
of a bottle set in cement. The north end of the meridian line, of which the magnetic station is the 
south end, is marked in a similar manner and is 309.4 feet from• the south end and is nein· the fence 
northwest of the court-house. The east corner of the court-house bears 22q 431

• I east of frue north. 
The highest point of the sugar mill on Magnolia plantation bears 26° 421

• l east of true south. 
Rayville, Riclzland Parislz.-The station is on tl1e meridian line produced, at a point 145 feet north 

of the north monument. It is marked by a cypress stake projecting about I inch above ground. The 
meridian line was established by Dr. G. D. Harris and lies between the jail and court-house. It 
crosses the Vicksburg, Shreveport and Pacific Railroad and traverses a woody swamp to the north. 

Ruston, Lincoln Parish.-The station is on the meridian line established by Dr. G. D. Harris on 
the grounds of the State Industrial College, in 1902. It is 55 feet north of the south monument and is 
marked by a round, hard-pine stake driven flush with the ground. The spire of the Methodist Church 
bears 58° 31'.8 east of true north. 

St. Benzard, .'>l. Bernard Parish.-The station is in the pasture lot owned by C. D. Armstrong, 
and is just north of Armstrong's quarters. It is 198.8 feet from the south fence, 58.7 feet from the 
west fence, and 116.8 feet from the east fence. The station is marked by a nail in the end of. a cedar 
stub driven flush with tlle ground. The flag pole on the court-house bears 59° 52'.2 west of true south. 
The south edge of the smokestack at Creedmore Sugar Factory bears 68° 291 .9 east of true south. A 
meridian line is marked by two posts of Georgia marble, 6 inches square, projecting 4 inches. The 
north monument is 340.9 feet north and the south monument is 167.5 feet south of the magnetic 
station. 

St. Joseph, Tensas Parish.-The station is in the public square in the southern part of the city. 
It is about 500 feet southeast of the court-house and on the line of the row of trees on the southwest 
side of the ·square. The station is 138. I feet from the west corner of the :Masonic Hall and 61 .3 feet 
from the fence on the opposite side of the street. It is also 17 . .+ feet southeast of a box elder and 33.0 
feet northwest of a second box elder, these two trees and the station.being in nearly the same straight 
line. The magnetic station is the southern extremity of a meridian line 200.6 feet long, the north 
monument of which is on the line of tlle row of trees on the northeast side of the public square. This 
north stone is 19.2 feet southeast of a box elder and 31 .4 feet northwest of a maple, the two trees and 
the north stone being in nearly the same straight line. Both north and soutll stones are limestone 
bowlders set flush with the ground and having a cross to mark the exact point. The steeple of the 
public school building bears 33° 18'.8 west of trne north. 

St. llfartinville, St. Martin Parislz.-'fhe station is 6o feet north of the south monument of the 
meridian line established by Dr. G. D. Harris in front of the Catholic Church. 

Shreveport, Caddo Parish.-The station is in the northeastern part of the space inside the Caddo 
Downs race track, which is about 3 miles southwest of the court-house. The inner fence about the 
race track is distant from the station 38. 1 feet, measuring due north, and 34.4 feet, measuring in 
the direction of the Mulkaupt House. There is a small pear ore.hard about rs rods north and west of 
the station and across the race track. The station 1s marked by a Bedford limestone post 5 inches 
square, projecting 5 inches above the general surface, and having a hole filled with lead to niark the 
center. Two other similar stones mark the meridian; the south stone being 6oo feet south of the mag
netic station and 6 feet inside the inner fence of the race track, while the north stone is 940 feet north 
of the magnetic station and is 6 feet inside the high board fence surrounding the race-track grounds. 
The spire of the Jewella Christian Church bears 76° 591.4 west of true south. DecHnation observations 
were also made at the south end of the city engineer's range line in the southern part of Sl.reveport. 
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Springville, Livingston Parish.-The magnetic station is southwest of the court-house, near the 
southern edge of the court-house grounds. It is 135.7 feet almost south from the southwest corner of 
the fence around the court-house and 111.3 feet east of the east fence of Mr. L. D. Allen's yard. The 
station is marked by a large spike in the end of a pine post, 6 inches in diameter and projecting.4 
inches above ground. The southeast corner of the jail bears 33° 51'.2 east of true north. The north 
end of a meridian line 246 feet long is marked in the same manner as the magnetic station. This 
north monument is just inside the west fence inclosing the court-house and is 59. 1 feet from the north
west corner of the north wing of the court-house. 

Tallulah, Jlfadison Paris/1.-The station is in the southeastern part of the Parish Farm and about 
three-fourths of a mile south of Tallulah. It is 31 feet from the fence along the west edge of the road 
by the bayou and '23. 7 feet from a fence to the southwest. The station is marked by the neck of a 
bottle embedded in a 6-inch tile filled with cement and surrounded by a mass of concrete. A similar 
monument, 252.5 feet north, marks the meridian line. This north monument is north of a small peach 
orchard, 63. 7 feet from the northwest corner of a small house and· 54.5 feet from the southwest corner 
of a small fenced lot. The south gable of the " Frisco" section house bears 4° 371 .6 east of true north. 

Vidalia, Concordia Pan"s/1.-The magnetic station is in the yard northwest of the jail. It is 30.0 
feet from the fence around the court-house yard, 87.0 feet from the fence in the rear of the jdl, and 
25.6 feet from the center of a large monument lettered U. S.C.S. 1878. The station is marked by a 
limestone post 6 by 8 by 26 inches, projecting 3 inches above ground and having a cross to mark the 
exact point. The spire of the Baptist Church in Natchez bears 77° 04' .3 east of true south. The south 
end of a meridian line 239.8 feet long is marked in the same manner as the magnetic station. This 
monument is 52.5 feet from the west corner of the court-house and 16.0 feet from the north corner of 
the parish office building. , 

Winnfield, 1Vinn Parish.-The station is in the street 2 blocks west and a little more than 2 blocks 
north of the court-house, and is near the east edge of a small gully. It is 9r.3 feet from the north
west corner of the lot owned by J. G. Teagle, and 76 feet almost due north of a large oak tree. The 
station is marked by a large ''Marble Quarry'' bowlder, projecting slightly above ground and having 
a hole filled with lead to mark the precise point. The court-house spire bears 43° 48' .6 east of true 
south. The schoolhouse tower bears 3° 24' .3 west of true south. Two similar bowlders, with the 
magnetic station, mark the meridian line. One is approximately 1 100 feet south of the magnetic 
station and the other 1 700 feet; both are in the street. 

Wi1111sboro, Franklin Paris/1.-The station is in the meridian line established by Dr. G.D. Harris 
across the court-house yard. It is 47.54 feet due north of the monument" N" and is marked by an 
oak post 2 by 4 inches projecting 1 inch above ground and having a nail driven in the end to mark 
the exact point. The east gable of Mrs. R. V. Clarke's house bears 46° 331.o west of true south. 

MAINE. 

Kennebunk Port, York Cotmfy.-The station is near the extreme end of Cape Arundel. It is in 
the open space between the old cemetery, the Episcopal Church, and the earthen breastworks erected 
during the civil war. It is 61 feet southwest of the southwest corner post and 78 feet southwest from 
the northwest corner post of the old cemetery. The station is marked by a stone with a hole drilled 
in its top, which is flush with the ground. The Congregational Church spire at Kennebunk Port 
bears 10° 18'.1 west of true north. 

Portland, Ctt111berla11d Co1mty.-The station is in the northwestern part of the grounds of the olcl 
J. n. Brown property, somewhere near the magnetic station of 1895. The middle granite monument 
of the meridian line in City Park, on Bramhall Hill, bears from the magn~tic station 35° 071 .o west of 
true north. 



234 COAST AND GEODETIC SUR VEY REPOR'f, 1904· 

Descnptions of stations-Continued. 

MARYLA~D. 

Baltimore, Baltimore City County.-Observations were made near the station of 1903 in the 
extreme eastern part of Fort ::VlcHenry. A second station was established near the center of Patterson 
Park, in east Baltimore. It is about 200 feet south of the baml stand and on the terrace below it. It 
is 45 feet northwest from the edge of the drfreway, 15 feet east of a scrub-oak tree, and 20 feet south 
of the foot of the sloping bank. The dome of the insane asylum bears 88° lo'.o cast of true north. 
A church spire bears 62° 49'.2 east of true south. 

Clze!te11/1a111, Prince George Cozmty.-'fhe station is at the Coast and Geodetic Survey magnetic 
ohsef\"atory on the grounds of the State Refonn School. 

Linden, JfontgomC/y Cozmty.-The station is in the middle of Prof. :vi:. H. Doolittle's rear 
garden, 94. 1 feet northwest of the northeast corner of the frame dwelling house and 84. 1 feet northeast 
of the northwest corner of the same building. 'fhc station is marked by a sandstone post, 6 inches 
square, projecting 6 inches above the ground. A small hole drilled in the center of the upper surface 
of the stone marks the point. The primary azimuth mark, the extreme tip of the Chevy Chase stand
pipe, 3 miles distant, bears 39° 151 .7 west of true south. The secondary azimuth mark, the extreme 
tip of the tower of Major Lawrence's house, about 200 yards distant, bears 66° 461 .8 west of true south. 

MASSACH~SETTS. 

Fairhaven, Bristol County.-'fhe station is about 375 feet west from I-'ort New Bedford and about 
10 feet back from the shor~ line. It is midway between the fort and a large white beacon standing on 
a rocky ledge of the shore line. The station is on the south edge of a small field, and is about 12 feet 
northeast from a cedar tree standing on the shore line. The old light-house tower at Clarks Point 
bears 00° 151 .5 east of true south. 

MISSOURI. 

Albany, Gentry Co1111ty.-The station is in the southwestern part of the grounds of the old Central 
Christian College. It is 141 feet from the west fence, 134.2 feet from the south fence, and 16o.3 feet 
from the southwest corner of the college building. It is marked by a sandstone with a drill hole in 
the centcr·of its top, which is lettered U.S. C. & G. S., 1903, and is sunk 3 inches below the surface of 
the ground. The southwest corner of the college building bears 10° oo'.o east of true north. The 
north edge of the chimney on the house of E. L. l\IcCurry bears 88° 32'.6 cast of true north. 

Bofh1ar, Polk Co1111ty.-The station is located on the land of J. T. Odor, about three-fourths of a 
mile east of town. It is 130.1 feet from the east line of the Odor property and about 300 feet southwest 
from the house of B. ;vr. Johnson. The station is markecl by a sandstone post 7 inches square on 
top and lettered V. S. C. & G. S., 1903, and has a drill hole in the center. The southwest edge of the 
standpipe bears 55° 13'.6 west of true north. 

Bowli11g Green, Pike County.-The station is in the eastern part of the town, on a hill, ancl in 
line with Centennial avenue. It is on the property of G. \V. \Vallar, I 1 r.6 feet from the west fence 
and 252.9 feet from the south fence. It is 49.3 feet southwest of a bull hickory tree and 81 .3 feet west 
of a second bull hickory tree. The station is marked by a limestone post 7 inches square on top and 
lettered U. S. C. & G. S., 1903· The spire of the Presbyterian Church bears 87° 461 .4 west of true 
north. 

Chillicothe, Livingston County.-The station of 1900 was reoccupied. It is on the grounds of a 
State industrial home for girls. It is 450 feet east of the main building and 9r.5 feet south of the fence 
along Third street. It is marked by a gray limestone post 6 inches square on top and lettered U.S. C. 
& G. S., extending 2 inches above the ground. The west edge of the standpipe bears 45° 4o'.o east 
of true south. 

Clinton, Henry Cozmty.-The station is in the park at \Vhitc Sulphur Springs. It is in the north
ern part of the grounds, about 330 feet north of the drive to the Springs Hotel, and 33 feet west of the 
.road to the hitching ground. It is 80.5 feet southeast of a white-oak tree and 73.5 feet a little north 
of east from a second tree. It is marked by a limestone post projecting 3 inches above ground and 
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lettered on top U.S. C. & G. S., 1903. The southwest e<lge of the stan<lpipe bears 41° 42'-4 east of 
true south. 

Edi11a, J\11ox Co1111ty.-The station is on the grounds of St. Joseph Parochial School, in the 
northern part of th~ town. It is about 240 feet a little north of west from the northwest corner of 
the school building and 246.4 feet from its southwest corner. It is 113.1 feet from a fence along the 
south edge of the public road to the north and 154. I feet from a fence to the south. It is marked by 
a sandstone post. The southwest corner of the basement wall of the school building bears 63° 38'.2 
east of true south. The foot of the cross on the Catholic Church bears 23° 03'.2 east of true south. 

Fayette, Howard Co1111ty.-'l'he station is on the grounds of Central College, which is situated on 
the hill in the northern part of town. It is 284 feet almost directly north of the northeast corner of 
Science Hall. It is marked by a limestone post 6 inches square on top, which projects 3 inches above 
the ground and is lettered l'.. S. C. & G. S., 1903. The north point of the roof of Howard Payne College 
bears 37°16'.8 east of true south. 

Ca!lathz, Daviess Co1111ty.-The station is at the north end of a large orchard on the property of 
Frank \Voodruff, about 1 Y, miles west of the town. It is in the southeastern corner of the \Voodruff 
property and 143.6 feet from the south fence and about I 200 feet from the road to town. It is just 
west of a bog and 268.5 feet southwest of a well. The station is marked by a sandstone post, which is 
7 inches square on top, lettered U.S. C. & G. S., with a hole in its center. The pole on the standpipe 
bears 78°49'.6 east of true north. 

Lexi11gto11, Lafayette Co1111ty.-The station is on the old Lexington battle ground on the crest of 
the hill and overlooking the river. It is about 6oo yards north of the standpipe and is northwest from 
the Central Female College. It is 82.r feet northeast from a locust tree,·97.1 feet northwest from a 
second locust tree, 82.4 feet southwest from an elm tree, and 86.4 feet east of an angle in the west 
fence. It is marked by a sandstone post 6 inches square on top and lettered U. S. C. & G. S., 1903, 
and projects 3 inches above ground. The spire of the Zion A. M. E. Church bears 21° 171 .6 east 
of true south . 

.llfarslzfield, TVc·bster Coun~v.-The station is on a hill in a conspicuous open place surrounded on 
three sides by a· small growth of timber. This hill is I mile southeast of town and is the property of 
the Ozark Plateau Land Company. The station is west from a wagon road running southeast from 
town about 330 feet and about 825 feet south of a small stream. It is marked by a limestone post 7 
inches square on top which is lettered U. S. C. & G. S., 1903, and has a hole in the center. The spire 
of the 1\1. E. Church South, bears 47° 441 .4 west of true north . 

.llfexico, Audrain Cozmty.-The station is about three-quarters· of a mile east of the public square, 
on the grounds of the Missouri Military Academy. ll is 26o.5 feet north from the northwest corner of 
the north donnitory. It is marked by a stone 6 inches square on top and is lettered lT. S. C. & G. S., 
and has a hole in its center. The west post on the cupola of the Reed farmhouse bears 44° 27'.2 east 
of true north. 

Osceola, St. l7air Cozmzv.-The station is on a high hill southeast of the town on U1e land of the 
Johnston Land Company. It is 217 feet west from the south corner of Frank Daniel's land. It is 
marked by a rough dressed stone 7 inches square at the top, which is lettered U. S. C. & G. S., 1903, 
and projects 4 inches above ground. The tip of the belfry on the schoolhouse bears 55° 03'.o west of 
true north. 

Plattsburg, Clinton Co1mty.-The station is about I mile norU1 of town on the property of Mrs. 
Anna P. Vance. It is 206. 7 feet from the east fence, rn8. r feet from the west hedge fence, and 386.2 
feet from the southwest corner of Mrs. A. P. Vance's brick house. The station is marked by a grani
toid post about 8 inches square on top, which is lettered U. S. C. & G. S., 1903, and projects 3 inches 
above ground. The spire of the South Methodist Church bears 3° 41'.2 east of true south. 

MONTANA. 

Clzi11ook, Clzoteau Co1111ty.-The station is in the northeast corner of ·the public-school yard. It 
is 57.6 feet from the north fence, 42. 7 feet from the east fence, and 167.8 feet from the northeast 



COAST AND GEODETIC SUR VEY REPORT, 1904-

Descriptions of stations-Continued. 

MONTANA-Continued. 

corner of the brick schoolhouse. It is marked by a stone 30 by 4 by 4 inches, with a drill hole in its 
top, which projects 4 inches above ground. The spire of the Methodist Church bears 27° 251 .9 west 
of true north. The west spire of Mrs. Parrott's house bears lo0 l:>,' .9 east of true south . 

. Flathead Niver, United States and Canada boundary, Flathead Co1111~11.-The observations were 
made over a wooden hub set in the boundary line west of the north fork of the Flathead River and 
about 140 feet east of monument No. 5. 

Gateway, Flathead County.-The station is ro feet south of an iron post on the United States and 
Canada boundary, which is the south monument of a meridian line. It is about 7:;0 feet west of monu
ment No. 9 and 500 yards east of the to? of the second bench. The station is marked by a wooden 
hub driven in the ground. The Great Northern Railway station at Gateway and the Kootenai River 
are about l 500 feet west of the station, 

Glasgow, Val!e;1 Comity.-The station is 395 feet almost due south from the southeast corner of 
the new jail. It is very near the station of 18<)6, and is marked by an irregular-shaped stone 24 by 6 
by 6 inches and projecting 4 incites above ground. The pole on the public school bears 21° 501 .6 
east of true north. The court-house spire hears 1° 59'.4 west of true north. 

Helena, Lewis and Clarke County.-The station of 18g6 was reoccupied. It is located near St. 
Joseph Catholic Orphan Asylum, about 1 mile north of the ci.ty 1imit...;. It is 453 feet east of the 
inner edge of Montana avenue extended, 78 feet north of the plank fence around the asylum grounds 
and 250 feet northeast of the northeast corner of the asylum building. It is marked bj· a marble slab 
24 by 6 by 6 i11ches, with a drill hole in its top, which is flush with the ground. 'fhe spire 011 the 
public school bears 1°591 .6 east of true south. The spire of the statehouse bears 00°38'.6 east of true 
south. 

lrlo11ume11t 11/0. IF, United States and Canada boundary, Flat/1ead County.-Observations were 
made over a wooden hub set about 6 feet eal:lt of monument :::-;o. 11 and in the boundary line. This 
point is 3.6 miles west of Gateway and the Kootenai River. 

Phillips ranch, Kootenai Niver, Flatliead Co1111f;1.-0bservatio11s were made over a wooden hub 
set in the ground about 180 feet east of monument No. 8 of the United States and Canada boundary 
line and about 15 feet south-southwest of an iron post which is in the boundary line and marks the 
south end o_f a meridian line. The station is very near the station of 190r. 

NEW JERSEY. 

Atlantic City, Atlantic Cormty.-The station is on the lawn southwest of the Absecon light-house, 
near the intersection of Pacific and Rhode Island avenues. It is 43 feet from the R11orle Island avenue 
sidewalk, 40.6 feet· from the Pacific avenue sidewalk and 150.6 feet from the base of the light-house. 
An auxiliary station B was occupied at a point roo feet northeast and in line with the azimuth mark. 
The principal station is marked by a marble post 28 by 6 by 6 inches sunk 4 inches below the ground and 
lettered on top U.S. C. & G. S., 1903. Station B was not marked. The southwest basement corner 
of a yellow brick wall of a cottage on Vem10nt a\•enue, about 50 feet from Pacific avenue, bears 6o0 12'.o 
east of true north. The base of the pole on the cupola in line beyond the west corner of the roof of 
the porch to the light-house keeper's house bears 12° oo'.2 west of true north. 

Barnegat Light-house, Ocean County.-The station is on a high sand dune near the northern end 
of the beach. It is a little east of south from the base of the Barnegat Light-house and is south from 
the light-house keeper's house. It is 68.6 feet from a crooked cedar tree, 64. I feet from a second cedar 
tree, and 248.8 feet from the base of the Barnegat Light-house. It is marked by a marble post 28 by 6 
by 6 inches set flush with the ground and lettered on top U.S. C. & G. S., tgo;:,. The west gable of 
the west tower on the Oceanic Hotel bears 30° 13'.9 east of true south. The gable of the Forked River 
life-saving station bears 13° r 1'.o east of true north. 

Bridgeton, Cumberland Co1mty.-The station is in a lane running south from the barn on the 
county almshouse property and about 2 miles southwest of town. The station is n feet a little west of 
north from an oak tree at the end of the lane where it joins an east and west road. It is 38.9 feet 
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northwest of an apple tree and 15.2 feet from the fence on the west side of the lane. The station is 
marked by a marble post 28 by 6 by 6 inches sunk 3 inches below the ground and lettered on top 
U. S. C. & G. S., 1903. The right edge of the chimney on a certain house bears 13° 5~1 .7 east of true 
north. The gable of a certain famthouse bears 73° 23 1 .6 west of true south. 

Camden, Camden Co1111ty.-The station is 2 miles southeast of the center of the city, in Knight 
Park. It is in the southern part of the park, about 95 feet from the inner edge of a driveway, 34 feet 
from an evergreen tree to the southwest, 31.3 feet from a sycamore tree to the southeast, and 28.8 feet 
from a cucumber tree to the east. It is marked by a marble post 28 by 6 by 6 inches set flush with 
the ground and lettered on top U.S. C. & G. S., 1903. A church spire in Camden bears 41° 461 .8 west 
of true north. The center of the steel water tower bears 71° 401 .8 east of true north. . 

Cape .~fay Point, Cape llfay Co1mty.-The station is approximately 650 yards north of the ligitt
house on the east edge of the street or road running north from the light-house and about 42 feet north 
of the intersection of this road with a second road running around the south end of Lake I,ily and 
thence east to Cape May City. The station is 72 feet from a wild cherry tree to the east and is marked 
by a marble post 28 by 6 by 6 inches, sunk 4 inches below the ground and lettered on top U. S. C. & 
G. S., 1903. The Baptist Church spire at Cape May Point bears 76° 351 .o west of true south. The 
base of the flag pole on the Shoreham Hotel bears 3° 181 .2 east of true south. 

Chatswortll, ,Burli11gto11 C01mty.-Th~ station is 225 feet from the main road or street, in the back 
part of the Methodist Church lot. It is 103.6 feet from the southeast corner of the church and 48 feet 
from a pine tree to the northwest. It is marked by a marble post 26 by 6 by 6 inches, set flush with 
the ground and lettered on top U. S. C. & G. S., '1903. The south gable of Mr. J. L. Applegate's 
house bears 38° 43'.9 west of true north. 

Egg lsla11d Liglzt-l1011se, Cumberland Co1mty.-The station is southwest of the light-house on the 
circular embankment of sod thrown up around the light-house and in the line from the center of the 
light-house tower through the southwest corner of the house. The station is 84 feet from the souUt
west corner of the brick foundation of the light-house. It is marked by a marble post 28 by 6 by 6 
inches, set flush with the ground and lettered on top U. S. C. & G. S., 1903. The tower of Cross 
Ledge Light-house bears 78° 40'.2 west of true south. The tower of Morris River Light-house bears 
8o0 31'.8 east of true north. 

Elizabeth, Union County.-The station is in the northeast corner of the athletic field of the Pingry 
School. It is 69 feet from the east fence, 163.5 feet from the west fence, 1o6.5 feet from the north 
fence, and 328 feet north of the school. It is marked by a marble post 30 by 6 by 6 inches, sunk 3 
inches below the surface of the ground and lettered on top U. S. C. & G. S., 1903. The tip of the 
tower on Prosecuting Attorney English's house, at the northeast corner of Westminster avenue and 
Park lane, bears 32° 041.8 east of true south. The middle of Ute top of the tower of the First Baptist 
Church bears 6° 28'.6 west of true south. 

Flemi11gto11, Hu11terdo11 Co1mty.-The station is in the souU1west corner of the Flemington 
Academy grounds. It is on the athletic field and is 1<J!l.2 feet from the southwest corner of the new 
red-brick primary school building and 236.7 feet from the southeast corner of the same. It is 102 feet 
from the west fence and 28.3 feet from U1e south fence. The station is marked by a white marble post 
30 by 6 by 6 inches, sunk 3 inches below Ute surface of the ground and lettered on top U.S. C. & G. S., 
1904. The tip of the cupola on the Shields or town-clock building bears 65° 521.4 east of true north. 

Freehold, llfo11111outl1 County.-The station· is southwest of town, near the center of the oval 
inclosed by the race track. This ground is a part of the golf links of the :Freehold Golf and Country 
Club. The station is 314.1 feet southeast from the judge's stand, 220. 7 feet a little east of north from 
the quarter-mile post on U1e race track, ant. 35 feet west from the northern end of the southernmost of 
two bunkers. The station is marked by a marble post 30 by 6 by 6 inches, set flush wiU1 U1e ground 
and lettered on top U. S. C. & G. S., 1903. The west edge of a steel water tower bears 6° 03'.1 east 
of true north. The spire of the Reform Church bears 69° 021 .7 east of true north. The spire of the 
Presbyterian Church bears 89° 24'.9 east of true south. 

Hackensack, Be1-gen Co1mty.-The station is in a large field owned by the Hackensack Improvement 
Company and used by the Hackensack Golf Club as golf links. · It is a little to the east of north from 
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the clubhouse and 2r feet south of the first property line north of this house. The station is about 
324 feel east of a small stream fl.owing north and south through a swamp, ancl 132 feet west from 
a lone crab-apple tree on the before-mentioned property line. 'fhe station is marked hy a marble 
post 26 by 6 by 6 inches, sunk flush with the ground and lettered U.S. C. & G. fl., 1904. The northeast 
edge of the chimney on Mr. Brown's house bears 27° 02'.8 east of true south. The spire on ::V!r. 
Oliver's barn bears 57° 42'.o ea.<;t of true south. 

Long /Jead1, Ocean Cozmty.-'fhe station is in the central part of the beach and bears south 65° 
east one-eighth of a mile from Mr. Enoch Grant's house. It is about one-fourth of a mile from Bond's 
old I,ong Beach House and 25.3 feet southerly from a granite post which marks the end of Keith's 
line between east and west Jersey. The station is marked by a marble post 28 by 6 by 6 inches, 
lettered U.S. C. & G. S., 1903· The tower of Engleside hotel at Beach Haven, 2Y, miles away, bears 
30° 431 .5 east of true north. A tower of the life-saving station bears 42° 11 1.4 east of true north. 

1lfays La11di11g, Atlantic County.-The station is on the public school property on the extension of 
the center line of the street passing to the rear of the court-house. It is 161.3 feet southeast from the 
southernmost corner of the schoolhouse, 81.4 feet southeast from an oak tree, and 35.4 feet southwest 
from a cedar tree. It is marked by a marble post 26 by 6 by 6 inches, lettered lJ. S. C. & G. S., 1903, 
and set flush with the ground. The gable of Captain Hudsm1's house hears 16° 42'.3 east of true 
south. The pole on the cupola of Dr. H. C. James's house hears 44° 51 1 .1 east of true south. The 
southeast corner of .!Horris Taylor's· house bears 62° 47'.o west of true north. 

1lfo1mt /lolly, B11rli11gto11 County.--'fhe station is opposite the grand stand and on the green 
inside the race track of the County Fair Association grounds. It is 53. 1 feet a little west of north 
from an elm tree, 50.7 feet northeast of a second elm tree, and 87.6 feet a little north of east from a 
third elm tree. The station is marked by a marble post 30 by 6 by 6 inches, lettered on top U. S. C. 
& c;. S., 1903, a11d set 3 inches below the surface of the ·ground. 'fhe higher west gable of :-.1r. 
Kester's barn bears 47° 5g'.8 east of true south. The cupola on a building in Mr. Martin's barnyard 
at \Voodlane farm bears 64° 171 .2 west of true north. 

flfount Rose, fllercer Co1111ty.-'fhe station is in a field south of Mr. George Stout's house, on the 
east side of a road leading from the village of Mount Rose to Princeton, and just west of a steep hill 
(Mount Ro'.'e). Station A, an auxiliary station, is at the intersection of two grooves chiseled on a 
trap-rock bowlder which lies 100 feet from the cast side of the field and about 127 yards south of Mr. 
George Stout's house. L'. S. is also chiseled on this stone, which i~ 3,)1, hy 5 hy 1 .Yz feet in its 
exposed part. Station B, the principal station, is not marked. It is 011 a line from station A to the 
northwest corner of Mr. George Stout's house, being 49. 1 feet from the bowlder and 107.6 feet from 
the east fence. From station B the southwest corner of Mr. Ely Connor's house bears 75° o6'.6 west 
of true north. The northwest corner of Mr. George Stout's house bears q 0 11'.3 west of true north. 

!1101111! Royal, (;/oucester Coun~v.-The station is about 4 miles from Woodbury and three-fourths 
of a mile from l\Iount Royal station on the \\'est Jersey and Seashore Railroad. It is midway between 
the public road and the almshouse buildings and on the south side of the avenue leading between them. 
'fhe station is 7 feet north of a fence, 14 feet southwest of a pine tree, 5 r .9 feet south of a maple tree, 
and 57.2 feet southeast from a second pine tree. It is marked by a marble post 28 by 6 hy 6 inches, 
sunk 2 inches below the surface and lettered on top U. S. C. & G. S., 19<>3. The northea~t gahle of 
Mrs. Glover's house bears 38° 481 .9 west of true south. The southeast gable of Captain Hoffmann's 
honse bears 15° 501 .5 west of true north. 

Newark, Essex Cozmty.-The station is on a grassy mound in Branch Brook Park, almost directly 
west of the front entrance to the Newark High School. The station is 67 feet from the east edge of 
the park lake, 3i.2 feet from the southeastern corner of the most southerly of two decorative walls or 
abutments of stone, and 41 .2 feet from the southwestern corner of the same. The spire of the Presby
terian Church on Roseville avenue bears 68° 111 .6 west of true south. The spire of the Methodist 
Church on Seventh street bears 53° i3' .9 west of true north. 

New Brunswick, JJfiddlese:r County.-The station is on the athletic field of Rutger's College. It 
is somewhat southeast of the center of the oval field incloserl by the running track, being about 6o 
yards from the southeast end of this field. The station is marked by a marble block I 7 by 8 by 7 inches, 
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sunk 2 inches below the surface of the ground and lettered on top U. S. C. & G. S., 1903· A church 
spire about 3 miles away hears 68° 51'.6 east of true north. 

Paterson, Passaic County. -The station is in the southeast corner of Eastside Park and northeast of 
Doctor Marsh's house. The station is between two paths which come to a point toward the south, being 
15.1 feet from the western edge of the path to the east and 42.6 feet from the eastern edge of the path to 
the west. It is 17.7 feet from a small lone pine tree a little south of west and 28.3 feet a little west of 
north from a second pine tree. The station is marked by a brown stone 26 by 6 by 6 inches, sunk l 

inch below the surface of the ground and lettered U. S. C. & G. S., 1904· The spire on the barn of 
Doctor Marsh bears 30° 101 .3 west of true south. The west edge of the northwest chimney on the 
Spenginer House bears 19° 231 .6 east of true south. 

l'ert/z Amboy, 11/iddlesex Cotmty.-The station is about 2 miles northwest of town on the 
intended reservoir site, near its northwest corner. This tract of land belongs to the town and lies 
along the road just beyoncl the Jewish cemetery. The station is 154.6 feet south of an oak tree in the 
north fence line of the reservoir site and 94.6 feet northeast of a projecting corner of a large stone. 
To the road and fence on the west side of the reservoir site is about 90 yards. It is marked by a 
marble post 36 by 6 by 6 inches projecting 7 inches above ground and lettered on top U. S. C. & 
G. S., 1903. The northwest corner of a house just beyond the Jewish cemetery bears o0 23'.9 east of 
true south. The apex of the Kramer tombstone in the Jewish cemetery bears 1° 02' .1 east of true south. 

Port JVon·is, Cuwberla11d Co1111ty.-The station is east of the eastern terminus of the.main street 
of the town, in line with the row of maple shade trees to the west and on the north side of the street. 
'!'he station is 198 feet a little south of east from the old Ogden house, 204.8 feet from the most easterly 
of one of three maple trees in front of this house, and 38.8 feet a little north of west from a granite 
post marking the center of the street. The station is south of several gravel pits. A church spire in 
:Vlauricelown bears 28° 46'.4 east of true north. A church spire in Leesburg hears 65° 23'.4 east of true 
north. The south gable of Mr. \Villiam B. Lamb's house bears 36° 55'.2 west of true north. 

Salem, Salem Co1111ty.--The station is on the grounds owned by the Salem Presbyterian Church 
in the east part of town and along Grant street. It is south and east of the brick house now occupied 
by Charles Rider. The station overlooks the creek and is 14 feet north of the fence along the road, 
39.2 feet south of a hickory tree, ancl 59.2 feet s0t1theast from a butternut tree. It is marked by a 
marble post 28 by 6 by 6 inches, projecting 2 inches above the ground and lettered U.S. C. & G. S., 
1903. The spire of the :VI. E. Church in Salem bears 84° 361 .7 west of true south. 'fhe spire of the 
Baptist Church in Salem bears 75° 02'.8 west of true north. 

Sandy Hook, 1lfo11111011tli Co1111ty.-The station is on the Fort Hancock parade ground nearly 
south of headquarters and about 100 feet south of a cement walk running east across the parade grounds 
from the commanding officer's quarters. It is 228.8 feet west of a lamp-post. The station is marked 
by a marble post 26 by 6 by 6 inches, lettered on top U.S. C. & G. S., 1903, set flush with the ground. 
The apex of the water tower in the woods bears 25° 07'.3 east of true south. The apex of a second 
water tower bears o0 501 .5 east of true north. 

Sea Isle City, Cape llfay Cormty.-The station is in a meadow or marsh in the northern part of 
town. It is on a knoll in line with the Prospect street crossing of the Philadelphia and Reading Rail
road and the Sea Isle City Light-house. It is approximately 395 yards from this crossing and 140 yards a 
little south of east from the old marine laboratory of the University of Pennsylvania. It is marked 
by a marble post 28 by 6 by 6 inches, projecting 4 inches above grouncl and lettered t:. S. C. & G. S., 
r903. The center of Sea Isle City Light-house tower bears 9° 04'.6 west of true south. A church spire 
in Seaville bears 89° 48'.3 west of true south. 

Somerville, Somerset Cotmty.-The station is near the entrance to the cemetery on the west side 
of South Bridge street. It is about 73 feet south of the door lo the tool house and 27.5 feet southwest 
from a pine tree. It is 71.6 feet and 40.8 feet respectively from the southwest and southeast corners 
of the Arrowsmith lot. The station is marked by a Bedford limestone post .')O by 4 by 5 inches, sunk 
flush with the ground and lettered on top U. S. C. & G. S., 1904. The east edge of the brick chimney 
on Mr. Hendrickson's house at the corner of Center and South avenues bears 46° II1 .9 east of true 
north. 
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Toms River, Ocean County.-The station is in the northeast part of town, at the top of a steep hill
side in the rear of a house belonging to the Hurry estate and now occupied by Mr. Irons. It is 22.5 
feet east of north from a cherry tree, 26 feet west of north from a cedar tree, and 40 feet northwest of 
a second cherry tree; these three trees standing along an old fence line. The station is marked by a 
marble post 28 by 6 by 6 inches, projecting 1 inch above ground and lettered on top U. S. C. & 
G. S., 1903· The north gable on Sheriff Downey's house bears 39°55'.4 west of true south. The 
Methodist Church spire bears 1°28'.4 west of true south. The northeast gable of Mr. Berrien's house 
bears 15° 35'.4 west of true north. 

Trenton, Mercer County.-The station is on the grounds of the New Jersey State Hospital for the 
Insane. It is about 450 feet southeast and in front of the central entrance to the main asylum build
ing. The station is on the lawn II3.3 feet southeast of a tulip tree, 146.1 feet northeast of a button
wood tree, and 165.6 feet northwest of a spruce tree. It is marked by a marble post lettered U.S. C. & 
G. S., 1903, on top, which is 6 inches square and sunk flush with the ground. The northeast gable of 
the warden's house hears II 0 201.0 west of true south. 

NORTH CAROLINA 

IVadesboro, Anson Co1mty.-The station is near the southwest corner of W. B. Little's front yard. 
It is 22.4 feet from the west fence, 21.4 feet from the south fence, and 82 feet from the southwest corner 
of \V. B. Little's house. It is marked by a brown stone 36 by IO by 8 inches, projecting 6 inches.above 
the ground and with a drill hole in the top. The cupola of the Pee Dee Institute bears 15° 46'.8 west 
of true north. The cupola of the public school bears 45° 15'.6 east of true north. 

OHIO 

Berea, Cuyalzoga County.-The station is about 2 miles east of town in section 3 of the Woodlawn 
Cemetery. It is at the intersection of two paths running between lots 19, 55, and 21, and is marked 
by a sandstone 36 by 6 by 6 inches, set a little below the surface of the ground and lettered 011 top 
U. S. C. & G. S., 1903. The north edge of the large central chimney on the Lovejoy house, l mile 
east, bears 69° 56'.9 east of true south. The west edge of the chimney 011 the house of the sexton of 
the cemetery bears 35° 49'.6 west of true south. 

Bowling Green, TVood Cozmty.-The station is 3Y, miles south of the town on the County 
Infirmary farm. It is in a small open pasture, south of the infirmary building and of· a creek flowing 
eastward. It is 41.5 feet north of the road passing along the south side of the farm and 162 feet 
from a white ash tree which stands near the south bank of the creek and about 45 feet from an iron 
bridge. The station is marked by a sandstone 36 by 6 by 6 inches, set flush with the ground and 
lettered on top U. S. C. & G. S., 1903· The court-house spire at Bowling Green bears 41° 501 .2 west of 
true north. The Methodist Church bears 46° 36'.4 west of true north. 

B1J1an, IVilliams County.-The station is in the park forming the western part of the grounds of 
the public school. It is distant from the north fence 63.6 feet, in line with the fence separating two 
residence lots adjoining the school grounds on the north, and is 12. l feet north of a large oak stump. 
The station is marked by a syenite rock 27 by 7 by 7 inche~ set flush with the ground. The spire of 
the Baptist Church bears 72° 51 1 .7 east of true north. 

Bucyrus, Craw.ford Cormty.-Observations were made over the south monument of the county 
meridian line in the southwest quarter of the city cemetery. The meridian line was tested and found 
correct. 

Celina, flfercer Cormty.-The station is about 2~ miles west of town. It is near the southwest 
corner of the grounds surrounding the fifth district public school, the school grounds being in the 
northeast corner of the Mercer County Poor Fann. It is 17.0 feet from the south fence, x6.5 feet from 
the west fence, and about 195 feet south of the brick schoolhouse. The station is marked by a lime
stone 36 by 6 by 6 inches, projecting 3 inches above the ground and lettered on top U. S. C. & G. S., 
1903· The south edge of the standpipe at Celina bears '78° 271.0 west of true north. 
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Clzardon, Geauga County:-The station is on the farm of H. C. Peas, about l mile east of town. 
It is on a narrow ridge of land in a pasture northeast of a small apple orchard on the east side of 
Mr. Peas's fann and north of the road to Chardon. It is 71.6 feet from a large bowlder, about 20° 
east of south, 55.3 feet from a second large bowlder, about 20° east of north, and 142.5 feet from the 
northeas\ tree of the small apple orchard. It is marked by a sandstone 28 by 8 by 6 inches, lettered 
U.S. C. & G. S., 1903, and projecting 2 inches above ground. The spire of the Congregational Church 
bears 88° 531 .7 west of true south. The court-house spire bears 84° 431.8 west of true north. 

Defiance, Defiance County.-The station is on the campus of Defiance College near its north 
boundary and about 400 feet northeast of the college building. It is on the east side of the proposed 
football b>Tounds, 132 feet from the middle of the street to the north and 27.8 feet from a young hickory 
tree. The station is marked by a marble post 38 by 6 by 6 inches, projecting 3 inches from the ground 
and lettered on top U. S. C. & G. S., 1903· The west gable of Defiance College bears 56° 51'.o west 
of true south. 

Delaware, Delaware County.-The station is on the Delaware County Infirmary fann, 5 miles east 
of the town. It is in a small park and orchard in front of the infirmary building and about halfway 
between a pond and the fence along the pike to Delaware. The station is 47.7 feet from the south 
fence and 151 feet from the west fence. It is marked by a sandstone 36 by 6 by 6 inches, projecting 
3 inches above ground and lettered on top U. S. C. & G. S., 1903. The east edge of the large west 
chimney on the infirmary bears 4 ° 51' .8 east of true north. 

Eaton, Preble Cozmty.-Mr. Houston's station in the southeast part of the pasture of the Preble 
County Infinnary was reoccupied. It is marked by a limestone 36 by 6 by 6 inches, projecting 2 
inches above ground and lettered 011 top tJ. S. C. & G. S., 1903· A small hole in the center of the top 
marks the exact point. The court-house spire bears 21° 461 .8 east of true south. The tower 011 the 
west end of the infirmary bears 65° 12'.2 west of true south. 

Elyria, l.orat'n Cozmty.-The station is on the County Infirmary fann, about 2 miles from town. 
It is in a pasture about r 200 feet west of the infirmary buildings, 29.5 feet from the south pasture 
fence, and 57 feet from the east fence. It is marked by a sandstone 36 by 6 by 6 inches, projecting 2 
inches from the ground and lettered on top U. S. C. & G. S., 1903. A chimney on a house about one
half mile east bears So0 121 .4 east of true south. The northwest edge of the main infirmary building 
bears 88° 08'.7 east of true south. 

Findlay, lla11cock Cormty.-The station is in the city cemetery, a mile west of town. It is marked 
by a sandstone 36 by 6 by 6 inches, set 3 inches below the surface of the ground and 18 inches north of 
the south edge of an extension of the main east and west driveway at a point west of its intersection 
with a second driveway from the northwest. The station is 52.2 feet east of an oak tree on the north 
border of this main east and west driveway. The flag pole of the Adams School bears 62° oo'.8 east 
of true south. The Catholic Church spire bears 55° 30'.2 east of true south. 

Forest, Hardin Couuty.-The station is northwest of the center of the Heuston Cemetery, about 
27.( miles north of town. It is marked by a sandstone 36 by 6 by 6 inches, lettered on top U. S. C. & 
G. S., 1yo3, and set 2 inches below the surface of the ground near the center of the intersection of two 
paths running between lots 14 and 15 and between rows 10 and II, respectively. The Methodist 
Episcopal Church spire bears 82° 39'.3 ea~t of true south. 

Fremont, Sandusky County.-The station is on the Sandusky County Infinnary Fann, in an open 
space east of the burial grounds and south of a creek. It is 41.9 feet from the north corner and 83.3 
feet from the east corner of these grounds. It is marked by a sandstone 36 by 6 by 6 inches, set flush 
with the ground and lettered on top U. S. C. & G. S., 1903. The Catholic Church spire in Fremont 
bears 63 ° 031. I west of true south. The schoolhouse belfry, one-quarter mile distant, bears 26° 24' .1 
west of true north. 

Greenville, Darke County.-The station is about 3~ miles north-northeast of town, on the farm of 
the Darke County Children's Home, in a 6-acre pasture south of the main building of the Home. It 
is about 6oo feet north of district school No. 6, 192.6 feet from the pasture fence to the north, 202.9 
feet from the west pasture fence, about 300 feet from the east pasture fence along the Greenville and 
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Beamtown pike, and about 350 feet from the Home building. The station is marked by a limestone 
36 by 6 by 6 inches, set flush with the ground and lettered U.S. C. & G. S., 1903. The spire of the 
St. John's Lutheran Church, about 2 miles distant, bears 72° 27'.3 east of true south. 

Kelleys Island, Erie County.-The station is in the cemetery near its southwest corner, 36.8 feet 
from the west line and 89.6 feet from the south line. It is marked by a sandstone 18 by 12 by 4 inches, 
set 3 inches below the surface and marked on top with a cross. This stone is set at the crossing of two 
paths. The east edge of the east chimney on the schoolhouse bears 1° 46'.6 west of true south. The 
east edge of the chimney on the Brown house bears 3° 12'.1 west of true north. 

Kenton, Hardin Cozmty.-The station is on the infirmary farm, 1 Yz miles northwest of town. It 
is near the northwest corner of the farm in a small pasture. It is 46.8 feet from a hedge fence on the 
north and bordering the pike to Kenton, and 263.3 f~et from the west fence. The station is marked 
by a sandstone 36 by 6 by 6 inches, projecting 2 inches above ground and lettered U. S. C. & G. S. 1 
1903. A marble post, 5 inches square 011 top with a drill hole in the center, marks the south end of a 
meridian line 357 .6 feet long. This south monument is near the fence separating the pasture from an 
apple orchard. The court-house bears 67° 121 .I east of true south. The Presbyterian Church spire 
bears 66° 251.o east of true south. 

Lancaster, Fairji.eld County.-The station is in the Lancaster camp grounds 3 miles west of town. 
It is in the southeastern part of the grounds between the cottages and the east fence, and is 83.2 feet 
from the east fence, 9.5 feet south of east from a hard maple tree, and 36.3 feet east of north from a 
second hard maple tree. The station is marked by a Bedford limestone post 34 by 6 by 5 inches, let
tered U. S. C. & G. S., 1903, and projecting l inch above ground. The spire of the German Luthern 
Church bears 67° 521.0 east of true south. The city hall spire bears 62° 421 .o east of true south. 

Lbna, Allen Cozmty.-The station is about 3Yz miles east of town, on the grounds of the Allen 
Co.;_nty Infirmary. The station is placed in line with the east wall of the infirmary building and is 
246.8 feet south from the fence on the south side of the pike leading to town and lying between the 
building and station. It is marked by a limestone 36 by 6 by 6 inches, projecting 3 inches above 
ground and lettered on top U. S. C. & G. S., 1903. The ventilator tip on George Fetter's barn, about 
one-half mile distant, bears 86° 021.7 east of true south. 

Mansfield, Richland County.-The station is on the Richland County Infirmary farm northeast of 
town. It is in the pasture lying southwest of the infirmary buildings and is located near the west erid 
of a narrow ridge of land. It is 71 feet from the picket fence inclosing the lawn and 74 feet from the 
wire fence on the west. The station is marked by a sandstone 36 by 6 by 6 inches, lettered U. S. C. & 
G. S., 1903, and projecting 2 inches above the ground. A schoolhouse belfry 1 mile distant bears 
29° 32'.8 west of true south. · 

Marysville, Union Cozmty.-The station is in an open grassy plot inside the race track on the 
fair grounds and 1 mile north of town. It is 48 feet north of the south monument of an old meridian 
line and is marked by a sandstone 36 by 6 by 6 inches, lettered on top U. S. C. & G. S., 1903, and pro
jecting 2 inches above ground. The German Lutheran Church bears 23° 32'.2 east of true south. The 
figure on the court-house bears 7° 59'.3 east of true south. 

Maumee, Lucas Cotmty.-The station is about 1Yz miles a little west of south from the town and 
on the opposite side of Maumee River, in Wood County. It is in Tippecanoe Park, a short distance 
southeast of the site of Fort Meigs, 011 Maumee River. It is 74.8 feet from the fence along the Maumee 
and Perrysburg road 011 the west side of the park, and is 18.2 feet southwest of a shellbark hickory 
tree. The station is marked by a sandstone ~6 by 6 by 6 inches, projecting 3 inches above ground, 
and lettered on top U.S. C. & G. S, 1903. The Catholic Church cross in Maumee bears 18° 47'.5 east 
of true north. The smokestack of the glass factory bears 2° 451.8 east of true north. 

Medina, Medina Cou11ty.-The station is in the northwest part of Spring Grove Cemetery on the 
lawn north of the soldiers' memorial monument. It is 105.6 feet from the nearest tree by the drive on 
the east, 126.8 feet from .the north edge of the drive 011 the south, and 125.6 feet from the road on the 
northwest. It is marked by a sandstone :~6 by 8 by 6 inches set flush "tVith. the ground and lettered 
U. S. C. & G. S., 1903. The Episcopal Church spire bears 85° 36'.o west of true south. 
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Mount Gilead, Morrow Cotmty.-'-The station is l Y. miles north of .town in a pasture belonging to 
the Morrow County Infirmary, west of the infirmary buildings and of the road leading to town. The 
station is on a slight elevation near the northeast corner of the pasture and is distaQt 166. 7 feet and 97 feet 
from the east fence along the read and the rail fence on the north, respectively. It is marked by a 
sandstone 36 by 6 by 6 inches, projecting 2 inches above ground and lettered on top U.S. C. & G. S., 
1903· The court-house spire bears 45° 8'.3 west of true south. Observations were also made at 
the north monument of the county meridian line in the city cemetery, l mile distant from the mag-
netic station. . 

Motmt Vernon, Knox Co1mty.-The station is in the'western part of town in Riverside Park. It 
is near the center of the park, being south of the baseball grounds, north of a small grove of trees and 
of an old tennis court. It is 83.7 feet from a willow tree to the southwest, 57 feet from a small ~ard 
maple to the south, and II4 feet from a large sycamore tree to the north and west. The station is 
marked by a stone 36 by 8 by 6 inches, lettered on top U. S. C. & G. S., 1903, and set flush with the 
ground. The Presbyterian Church spire bears 80° 541.8 east of true south. The Congregational Church 
spire bears 84° 61 .2 east of true south. 

Napoleon, Henry County.-The station is on the Henry County Poor Farm, 2y. miles north of 
town. It is in an open field east of the main building about 195 feet from the northeast corner of the 
barn and on the north side of the lane leading from the barn eastward. A sandstone 39 by 6 by 8 
inches is set just north of the fence on the north side of this land, projecting about 3 inches above 
the ground and lettered on top U. S. C. & G. S., 1903. The magnetic station is 45. 7 feet from the 
center of this stone and in line with it and the center of the water standpipe at Napoleon. The stand
pipe bears 16° 181.3 east of true south. 

Norwalk, Huron County.-;-The station is near the northwest corner of the burial grounds of the 
Huron County Infirmary about l Y. miles southeast of town. It is 12 feet from a rail fence on the 
west and 19.2 feet from a plank fence on the north. It is marked by a sandstone 40 by 7 by 8 inches, 
projecting 3 inches above ground and lettered on top U. S. C. & G. S., 1903. The St. Paul's Catholic 
Church bears o0 161 .l west of true north. 

Oberlin, Lorain Co1mty.-The station is about 3Yz miles southwest of town near the northeast 
corner of the grounds surrounding a small district schoolhouse; It is 12.8 feet from the east fence, 
12.9 feet from the north fence, and about 150 feet northeast of the brick schoolhouse. It is marked by 
a sandstone 36 by 6 by 6 inches, set nearly flush with the ground and lettered on top U. S. C. & G. S.,. 
1903. The west edge of the chimney on Mr. Luther's dwelling bears 25° 121.8 west of true south. 

Ottawa, Putnam County.-The station is about l)/, miles east of town, near the west end of and 
inside the oval race track on the county fair grounds. The station is 82.6 feet from the inner fence of 
the race track at its western end. It is marked by a marble post. 36 by 6 by 6 inches, the top lettered 
U. S. C. & G. S., 1903, and projecting 4 inches above ground. The main tower of the new public
school, about 1 mile away, bears 59° 13'.2 west of true north. The spire of the Catholic Church bears. 
63° 21'.4 west of true north. 

Paulding, Paulding Comzty.-The station is southwest of town, 011 the county fair grounds. It is 
near the west side of the inclosure, surrounded by the race track, 88 Y. feet from the inner fence on 
the west side of the race track, and 248 feet north of the judges' stand. It is marked by a marble post 
36 by 7 by 7 inches, set flush with the ground and lettered on top U.S. C. & G. S., 1903· The court-

. house tower bears 29° 121.4 east of true north. The spire of the Methodist Church bears 20° 48'.4 
east of true north. 

Port Clinton, Ottawa County.-The station is west of town, in the southwest corner of the ceme
tery. It is in the middle of a path running north and south, 29.3 feet from the west fence, and 59.9 
feet from the south fence. It is marked by a sandstone post 36 by 6 by 6 inches and lettered on top 
U.S. C. & G. S., 1903· The court-house spire bears 83° 22'.6 east of true south. St. John's German 
LuU1eran Church bears 77° 50'.3 east of true north. 

Put in Bay, South Bass Island, Ottawa County.-The station is near the middle of the west side 
of the grounds belonging to ilie United States Fish Commission. It is 166.5 feet from ilie souiliwest 
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<:Orner and 10I.2 feet from the northwest corner of these grounds. These corners are marked by gas 
pipe driven in the ground. The station is marked by an irregular piece of granite set flush with the 
ground and marked OI\ top with a cross. The middle of the chimney of the Hunker residence across 
the bay bears 84° 47'.o east of true south. The point of the post on the south gable of the fish hatchery 
bears 53° i31 .o east of true north. 

Ravenna, Portag-e Co1111ty.-The station is three-quarters of a mile north of. the town, on the lawn 
of Maple Grove Cemetery. It is about 200 feet northeast of the small chapel, 35. feet from the board 
fence on the north, 63.8 feet from a maple tree to the southeast, and 74.5 feet from a second maple tree 
to the southwest. The station is marked by a sandstone 30 by 8 by 6 inches, roughly lettered U. S. C. S. 
and set flush with the ground. The court-house spire bears I 0 35'.8 west of true south. The southeast 
comer of the chapel in the cemetery bears 44 ° 52'-4 west of true south. 

Sandusky, Erie Co1t11ty.-The station is near the light-house on Cedar Point, about 3 miles north 
of Sandusky, on the northwest end of the long, narrow peninsula. It is on a high, sandy ridge about 
roo feet northwest of the light-house, 26 feet southeast of a large cottonwood tree, and about 30 feet 
from the shore line. It is marked by a sandstone 36 by 6 by 6 inches, set nearly flush with the ground 
and lettered on top U. S. C. & G. S., I903· A tall, slender church spire in Sandusky bears 22° 50'.9 
west of true south. The Marblehead Light-house bears r5° 471.7 west of true north. 

St'dney, Size/by Comzty.-The station is about 2 miles southeast of town and in the southeast 
portion of the pasture of the Shelby County Children's Home. It is 22.7 feet southeast of a hard 
sugar maple and 53.0 feet west of a silver poplar. The station is marked by a limestone 36 by 6 by 6 
inches, set flush with the ground and lettered on top U. S. C. & G. S., I903. The spire of the 
Catholic Church in Sidney bears 32° 41'.2 west of true north. The court-house cupola bears 28° 30'.2 
west of true north. 

Tiffin, Seneca Co1111ty.-The station is southeast of the town, on the Seneca County I11fir111ary 
Farm. It is northwest of the infirmary buildings, in an open field near the north boundary of the 
farm. It is 75.6 feet southwest of a large elm tree and 67.2 feet southeast of a second large elm tree. 
These two elm trees are on the north line of the farm. The magnetic station is marked by a stone 
post 36 by 6 by 6 inches, set flush with the ground and lettered on top U. S. C. & G. S., 1903. A 
second smaller stone with a drill hole in the center of its top is set on the south border of the same 
field near the orchard and marks the south end of a meridian line about 400 feet long. The Catholic 
<.:hurch spire in Tiffin bears 26° i 8' .8 west of true north. 

Toledo, Lucas Cou11ty.-'fhe station is on the farm of Mr. Shepard, near the boundary line sepa
rating it from the Case farm. ,It is on the shore of Maumee Bay, about 5,Y. miles northeast of the 
~enter of the city. The magnetic station is 52.7 feet south of triani-,TUlation station Case and in line 
with the triangulation station \Vest T 0wer. The magnetic station is in a thickly planted peach orchard. 
West Tower bears 48° 24'.7 east of true north. 

Upper Sandusky, fVyandot Comzty.-The station is in the northwest corner of the \Vyandot 
Mission Cemetery. It is at the center of the crossing of two footpaths 23.4 feet from a picket fence 
forming the west boundery of the cemetery ands I. I feet from the north boundary fence. It is marked 
by a sandstone 36 by 6 by 6 inches sunk flush with the ground aud lettered on top U. S. C. & G. S., 1903. 
The spire of the German Lutheran Church bears 10° 52'.1 west of true south. 

Vanwert, Van Wert Co1111ty.-The station is 1 mile south of town, in the county fair grounds. 
It is near the middle of the ground, surrounded by the race track, 203.3 feet north of the judge's stand 
and 92.6 feet from a large elm tree.. It is marked by a marble post 36 by 6 by 6 inches projecting 
3 inches above l,'l'Ound and lettered on top U.S. C. & G. S., 1903. The court-house tower bears 18° 61 .o 

east of true north. 
Wapakoneta, Auglaize County.-The station is about 2,Y. miles north of the town, in a field belong

ing to the Auglaize Infirmary, and situated on the west side of 2-mile pike, the infirmary buildings being 
on the east side. A limestone 36 by 6 by 6 inches projecting 3 inches above ground is set near the 
hedge on the south side of this field and i26 feet from the osage-orange hedge along the 2-mile pike 
on the east side of this field. The exact point is in the open field 47.2 feet a little west of north of the 
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center of the stone and exactly in line with the stone and the tower of Auglaize County Court-house 
which bears 16° 28'. 7 east of true south. The center of the schoolhouse chimney about one-third mile 
north, bears 4° 59'.9 east of true north. 

Wauseon, Fulton Comity.-The station is 4 miles north of town, on the Fulton County Infirmary 
Farm. It is about 300 feet east of the infirmary building, in line with the south wall of the east (rear) 
extension, and also in line with the west fence surrounding the little graveyard southeast of the 
infirmary. The station is 15r.2 feet from the northwest corner of this graveyard and 234 feet from the 
middle of the east and west pike. It is marked by a marble post 26 by 6 by 6 inches, set flush with 
the ground and lettered U.S. C. & G. S., 1903. The north gable of J. Jones's barn bears 4° 35'.8 west 
of true south. The center of the cross in the round window in the east gable of the infirmary bears 
88° o8'.o west of true north. 

PHILIPPINE ISLANDS. 

Albay Gulf, Luzon.-The magnetic station is identical with triangulation station Mont, which is on 
the easterly end of the largest and easternmost of three rocks north of and off Montugan Point, which 
is the extreme south and eastern point of Albay Gulf. This rock is about 50 feet long, overhanging 
the water from 4 to 6 feet all around, and appears somewhat fiat on top from a distance, but very 
jagged and sharp on close inspection. It is about midway between the main shore to the south, which 
is fringed with mangroves, and the coral reef to the north, which is about 1,000 meters offshore and 
bare at low water. The station is on the highest part of the rock and is marked by an octagonal steel 
bar IO inches long, with its top even with the surface. The mark used was triangulation station 
Rap, which bears 32° 31'.8 west of true north. 

Batan Island, Lttzon.-The magnetic station is identical with triangulation station Heat, which is on 
the point at the northwest entrance to Rapu Rapu Pass, about 150 feet above high-water line. This point 
is nearly perpendicular on the west side and has a very steep slope on the north and east sides. The 
station is on a fiat place,abo.ut 40 meters from the steep north slope, 4 meters from the western cliff, 
and 10 meters from the steep east slope. There is a clump of bushes on the edge of the cliff 6 meters 
southwest of the station. ·The mark is triangulation station Cent, which bears 7° 54'.8 west of true 
south. 

Batangas, Luzon.-The magnetic station is about 6o meters south and a little to the west of the 
astronomic station, which is about 4 meters south of the road leading from Batangas to the beach, 
about half a mile west of Batangas Plaza and three-fifths of a mile east of the beach. It is just inside 
the low dikes of a rice field, and is marked by a stone SY. by 12 inches on top and projecting 8 inches 
above ground, with a drill hole and letters U. S. cut on its top surface. The magnetic station is 
marked by a cross cut in the top of a stake, 2 by 1 inches, driven in the ground. The mark is the 
cross on the church dome and bears 80° 41' · 1 east of true south. 

Boac, Jlfari11d11que.-The magnetic station is identical with the astronomic station. A tree wa.<> 
used as the azimuth mark and bears 6° 25'.9 east of true south. 

Calapan, llfindoro.-The magnetic station is identical with West Base of the triangulation and 
is near the astronomic station. It is nearly north of the northwest corner of the old stone fort and is 
about halfway between it and the. beach. The station is marked by a very hard rock, 12 by 7 by 5 
inches, with a drill hole in the top which projects 1 inch above the surface. The mark used was 
East Base, which bears 88° 551 east of true north. 

Calbayoc, Samar.-The magnetic station is on the beach, about 7 meters back from high-water 
mark and directly at the foot of the street, which passes in front of the church and cuts the shore at 
right angles. It is 20.6 meters west from the astronomic station and 27. 9 meters southwest of the 
southwest corner of a large building used as United States military headquarters. The station is 
marked by a pint bottle, buried 2 feet below the surface of the ground, and by an irregular st9ne 
with a cross cut in its upper end, which projecl~ about r inch above the surface. The mark used was 
a glass telegraph wire insulator which was attached to the top of a square frame tower on the west side 
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of the river and next to the Warner Barnes & Co. agent's house. This bears 76° 181 .5 west of true 
north. 

Castilla, Luzon.-The magnetic station is identical with triangulation station Free, which is on 
solid rock on Point Pandanblanay, east of the town of eastilla and is awash at high water. An inch 
hole inclosed in a triangle was cut in the rock to mark the station. Two other triangular cuts were 
made in the rock near the station, the one being 3.4 inches west and the other 4 inches northeast from 
the station. Triangulation station Pool was used as an azimuth mark and bears 13° 55'.3 east of true 
south. 

Catbalogan, Samar.-The magnetic station is situated just below the extreme southern end of the 
town and is midway between the beach and the road leading south to the cemetery. This road is a 
continuation of the main street of Catbalogan and is the only road near and parallel to the shore line. 
The station is in the middle of a long ridge of shell and sand, with low ro~s of bamboo stakes forming 
a retaining wall-the whole being an insurgent fortification. It is 15 feet northwest of a large tree, 
abou.t halfway between the northern and southern ends of this ridge. The station is marked by a 
quart bottle buried 2 feet below the surface. 

Culili, Luzon.-The magnetic station is identical with triangulation station Culili, which is on the 
highest part of the main .portion of Point Culili. It is on a grass-covered, rounded knoll, and is 115 
feet from the edge of the cliff to the north and 130 feet from the edge of the cliff to the west. The station 
is marked by a bottle buried 3 inches below the surface, and there is a small cairn around the foot of 
the signal pole. The mark is triangulation station San Miguel, and bears 74° 201.3 east of true north. 

Cu1-rimao, Luzon.-The magnetic station is identical with the astronomic station, which is in 
the barrio of Currimao, and is just west of the road running northwest and southeast and parallel to 
the beach line. Across this road and almost east of the astronomic station is the camarine or ware
house. The mark is triangulation station Gabot, which bears 17° 3o'.6 west of true south. The 
astronomic station is marked by a stone about 6 by 18 by 30 inches, projecting about 6 inches above 
ground and having a drill hole in its center. 

Cuyo, Cuyo.-The magnetic station is in the open common or plain to the west of the old fort, 
between it and the beach. It is 229.1 meters northwest from the longitude station and 405.9 meters 
from the top of the pavilion on the boat landing to the south. This was the mark, and bears u 0 26'.5 
west of true south. The station is marked by a large rock with a drill hole in its top, which is level 
with the ground. 

Danao, Negros.-The magnetic station is the astronomic station. The mark is triangulation 
station Stump and bears 72° 36'.4 east of true north. 

Gubat, Luzon.-The magnetic station is identical with triangulation station Gubat, which is on 
the grass bank between the Tribunal building and the beach. The station is 9.7 meters about south
east from the northeast corner and 11.9 meters northeast from the southeast corner of the east wing of 
the Tribunal building. The station is marked by a bottle resting on solid stone and buried 2 inches 
below the surface of the ground. The mark, triangulation station River, bears 32° 23'.6 east of true 
north. 

Guiuan, Samar.-The magnetic station is triangulation station Baul. The mark used was 
triangulation station Bin, which bears 65° 14' east of trne north. 

Iligan, Mindanao.-The magnetic station is near ~he beach and in a cocoanut grove which lies 
between the town and the sea. It is ro1.6 meters from the astronomic station which bears 23° 35'.4 
west of true south. The station is about 15 meters back from high water line and is a few feet south 
of a seldom used wagon road to the beach. The station is marked by a quart bottle buried 2 feet 
below the surface; three other pint bottles are buried 6 inches below the ground and about 6 inches 
from the station. The station is further marked by triangles blazed in the trunks of four palms at a 
height of I to 2 feet above ground, the first of which is 4.3 meters southeast, the second 6.8 meters 
east, the third 10.6 meters northeast, and the fourth 13.7 meters north of the station. 

Kanagao Island, Leyte.-The magnetic station is identical with triangulation station Kan. The 
mark used was triangulation station Tin which bears 40° 371 west of true south. 
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Lagonoy Gulf, Slzort.-The magnetic station is identical with triangnlation station Short, which 
is on the mainland of Luzon· and on the north coastiof Lagonoy Gulf. The mark used was signal 
"Mex," distant about 1 mile. This bears 84 ° 481 • 7 west of true south. 

Lagonoy Gulf, Tall.-The magnetic station is identical with triangulation station Tall, which is 
on Aguiragna1~ Island. This island is east and just off from Alto or Patag Point pa the north coast of 
Lagonoy Gulf, Luzon. The mark was station Fine, distant about three-quarters of a mile. It bears 
74° 23' west of true north. 

Legaspi, Luzon.-The magnetic station is situated on the open sand beach, 42.4 meters south of 
the southern side of the wharf of Munoz, the northernmost wharf at Legaspi, n3 meters about north
northeast from the astronomic station, and 79.1 meters northeast from the northeast corner of the 
stone wall surrounding the Warner Barnes warehouses. The station is marked by a diamond-shaped 
stone, buried 2 inches below the surface of the ground and with a drill hole in its upper surface. The 
mark was the lower portion of the flagstaff, and bears 8° 511 ;6 west of true south. 

Mangarin, Mindoro.-The magnetic station is at the South Base of the triangulation. The mark 
is North Base and bears 4° 38'.7 west of true north. South Base is I ooo meters southward along the 
beach from North Base and is on a long sand spit separating the outer bay from a large inside cove 
known as Crocodile Cove. The station is equidistant from the water on either side of the spit. A nail 
driven in a peg 4 inches square, sunk in the sand, with its top flush with the surface, marks the station . 

.Port Batan, Panay.-The magnetic station is on the west side of the entrance to Port Batan and 
in line with South Base and North Base of the triangulation, being IO feet north of South Base. The 
mark, North Base, bears 18° 551 .6 east of true north. 

Puerto Calera, Mindoro.-The magnetic station is identical with the astronomic azimuth station 
which is on the north end of sand spits, connecting the mainland with Panaquin Island. The station 
is on the Panaquin side of the sand spit, near the sea level and 20 feet from high-water mark. It is 
125 meters north of a building on the Mindoro shore, the same distance south of a second building on 
the Panaquin shore, and 50 meters south from a third building-on the same shore. The station is 

. marked by a bottle, sunk in the sand 30 inches below the surface, with a large seashell placed over it 
and projecting in part above the surface. The mark used was the astronomic azimuth mark, First 
0, which bears 6o0 38'.f east of true north. 

Reef, Lttzon.-The magnetic station is 50 feet distant from triangulation station Reef and in the 
direction of the azimuth mark, which bears 5° 061 .7 west of true north. Triangulation station Reef is 
on the point east of the town of Barcelona, on the southeast coast of Luzon. 

Romblon, Romblon.-The magnetic station is in the grass-covered plaza, a little south of the 
. crosspath which, if projected eastward, would pass south of the governor's new residence, the most 
pretentious house in Romblon. The station is west of the main avenue through the center of the 
plaza and is east of a pathway which is a continuation of the road on the west side of the Comman
dancia. Between this pathway and the magnetic station is a stone-paved drain which extends down 
to the bay. The magnetic station is 25.6 meters from the astronomic station, which bears 37° 15'.1 
west of true north, and is marked by an oak peg with a copper tack in its top. The astronomic 
station is marked by a coarse marble stone, elliptical in cross-section, which is sunk level with the 
surface of the ground and has a cross cut in its top. 

San Bernardino Liglzt-llouse, San Bernardino lsland.-The magnetic station is 150 feet distant 
from the San Bernardino Light-house triangulation station and in the direction of the azimuth mark, 
which bears 19° 51' .3 west of true north. . 

San Jose de Buenav£sta, Panay.-The magnetic station is in the open ground north of the old fort 
within whose walled inclosure the longitude station was established. The distance between the longi
tude and magnetic stations is 155.3 meters. The magnetic station is about one-third of a mile south
west from the plaza and is 25 feet north of the Calle Real, leading from the plaza to the beach. The 
station is marked by a stone post, IO by 12 by 20 inches, with a drill hole in the upper end which pro
jects 2 inches above ground. The west gable of San Jos~ church bears 57° 24'.2 east of true north. 

Sorsogon, Lttzon.-The magnetic station is identical with the astronomic station, which is situ-
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ated southwest of the town, on the beach, northwest of two piers. The mark used was triangulation 
station Grove, which bears o 0 301 .9 west of true south. 

Sttrigao, Jlfindanao.-The magnetic station is in the open lot west of the Provincial building, 
near its southwest corner, and 40.S meters from the astronomic station. It is marked by a very hard 
stone, r4 by 8 by 4 inches, with a drill hole in its top which projects 3 inches abov'e .,ground. The 
astronomic station bears from the magnetic station 26° o81 east of true north. , 

Valle Hermosa, Negros.-The station is situated in an open field west of the church. It is 319.4 
feet from the astronomic station, which bears 59° 4z'.7 east of true north. The station is marked by 
an irregular coral stone, r8 by 6 by 8 inches, with a drill hole in its top which projects 3 inches above 
ground; below this stone a second piece of coral is buried 2 feet. 

Vigan, Luzon.-:Magnetic observations were made at the astronomic station situated in the 
inclosure of the race track, about one-half mile west of south of the center of the town, and about 
one-third mile due south of the chapel in the town cemetery, the true north line from the station cut
ting the tower of th.e chapel near its center. The station is marked by a stone r3 by 3Y, inches on 
top, projecting about 5 inches above ground, having a drill hole on top and lettered U. S. C. G. S. on 
its north face. It is southwest of two prominent masonry piers, r82 feet from one and 274.6 feet from 
the other. About 5 feet south of the south wall of the Vigan cemetery a stone was set to mark the true 
meridian. This stone is 12 by 3 inches, with a drill hole in its top, and projects about 5 inches above 
gt"OUnd. 

PORTO RICO. 

Battle Cay, Culebra Island.-The station is on Battle Cay, Mangrove Harbor, on the southellSt 
side of Culebra Island. It is on the continuation of the line joining Culebrita Light-house and Battle 
Cay astronomic station and about rs feet from the latter. The astrono1nic station is marked by a 
bowldcr capped by a square cement block rs by 15 by 3 inches, with a half-inch drill hole in the 
center. From the magnetiw statioi1 Culebrita Light-house bears 59° oW. r east of true north. 

Gnaniquilla.-The station occupied is on range and between Guaniqui11a and Me1ones triangulac 
tion stations, 15 paces from the former. The mark, triangulation stati'm Melones, bears zo0 32'.4 east 
of true south. 

ll:fayaguez .-The station is in the open field in front of the United States military hospital ( 1898), 
38 paces from the hospital gate, 40 paces from the wire fence on the south, and 24 paces from the 
hedge fence 011 the west. The station is marked by a hole drilled in a rock about 1 foot square at the 
top, which is even with the surface of the ground. The imokestack of the sugar mill bears 52° 59'.o 
west of true north. 

Obispo Cayo.-The station of 1903 was reoccupied, and is on the northeast shore of Obispo Cayo, 
about ro paces from the water and r2 feet from high-water mark. It is about the middle of an open
ing in the mangroves, which extend for about 6o feet along the beach. All the horiwn from Cape San 
Juan Light-house to Palominos Island is viliib1e from the station. The mark, Cape San Juan Light
house, bears 1° 471.o cast of true north. 

Porto Rico llfagnetic Observatory, Vieques Island.-In connection with the establishment of a 
temporary magnetic observatory in Fort Isabel, a station for absolute observations was established on 
the hill east of the fort about halfway up. 

San Juan Soutll Base.-The station occupied was not marked. It is on range with and between 
Morro Light-house and South Base triangulation itation, 20 paces from the latter. The mark used was 
Morro Light-house, which bears from the magnetic station 37" 091 .4 east of true north. 

Scorpion Point, Culebra Island.-The station is on the extreme end of Scorpion Point, west side 
of Culebra Isla:id, and on the southeast side of Target Bay. It is about 20 feet from the hydrographic 
signal "Scorp 2," and is on line from this signal to Soldado triangulation station of r900. It is on the 
south side of the point, about 10 feet above sea level, and is nearly identical with the station of 1903. 
8oldado triangulation station ( r900) bears 45° r3'·5 east of true south. 
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Aiken, Aiken County.-Two stations, A and B, marked by tent pegs driven flush with the ground, 
are located in the park, which is in the middle of the street passing in front of the Immanuel Training 
School. Station A is northwest from the northwest ·corner of this school, 68.9 feet from a board fence 
on the west side of the street and II7-4 feet from the hydrant near the northwest corner of the school 
building. Station Bis 27.4 feet from A, and in line with it and the Ott House cupola. The Baptist 
Church cupola bears 58° 05'.6 west of true south. The Ott House cupola bears 38° 39'.3 west of true 
north. 

Aiken, Aiken County.-The station is in Eustis Park almost exactly north of the northeast edge 
of the sanitarium. It is marked by a granite post 28 by 6 by 6 inches projecting 4, iu.<;hes above ground 
and with a cross in the top. This post marks the north end of a meridian line 321.7 feet in length. 
The south monument, similarly marked, is near the center of Richland avenue and in front of the 
sanitarium. The east center flag on the" Park in Pines" Hotel bears 1° 171 .8 east of true north. The 
northeast edge of the sanitarium bears 00° 01'.8 east of true south. 

Bamberg, Bamberg County.-The station is in the grounds of the Wofford Fitting School, nearly 
south of and in line with the rear or east side of the building, being 1'o7 feet from its southeast corner. 
It is marked by an oak peg 1 inch in diameter driven flush with the ground. The cupola of Ute 
Presbyterian Church bears 72° 44' .4 west of true north. The water tank of the oil mill bears 69° 56'. I 
east of true south. 

Barnwell, Barnwell Cou11ty.-The station is in the public park west of the Confederate soldiers' 
monument. It is 83.3 feet. from the northwest corner' of the iron fence around the monument and 18 
feet from the west park fence. It is marked by a hickory peg driven flush with the ground. The 
cupola of the Baptist Church bears 63° 50'.5 west of true north. The south gable of the Colored 
Baptist Church bears 12° 05'.;;i east of true north. The southwest edge of the court-house bears 
89° 2o'.5 east of true south. 

Beaufort, Beaufort Cormly.-The station is west of 'Vilmington street, two squares north of Bay 
street. It is 119.7 feet from the southeast corner of the jail and 71 feet from the southeast corner of 
the board fence surrounding the jail. It is 300 feet more or less north of Assistant Boutelle's station of 
1874-75, and is marked by a pine peg driven flush with the ground. The southeast edge of the court
house bears 41° 00'.5 west of true south. The north edge of the Baptist Church cupola bears 76° 37'.4 
east of true south. The southeast edge of the standpipe bears 55° 42'.7 west of true south. 

Bennettsville, Jlfadboro Co1111ty.-The station is in the northeast corner of the public school 
grounds, 20.4 feet from the east fence, 19.2 feet from the north fence, and is marked by a very hard 
stone 36 by 14 by 4 inches, with a small drill hole in ·the top and set flush with the ground. This is 
the north end of a meridian line 403,3 feet long, the south end of which is similarly marked. The 
cupola of the Presbyterian Church bears 63° 52'.6 west of true south. The Methodist Church cupola 
bears 31° 08'.9 east of true north. The water tank of the oil mill bears 13° 39'.7 west of true south. 

Conway, 1-lonJ' Co1111ty.-The station is on private ground belonging to D. A. Spivy. It is q6.r 
feet from the northea~t corner of the Horry Hardware Company building and 8.4 feet from the fence 
on the south side of the grounds around Mr. Spivy's residence. It is marked by a round peg an inch 
and a half in diameter driven flush with the ground. The chimney of the Burroughs School bears 
25° 42'.4 west of true north. The northeast edge of the Horry Hardware Company building bears 
30° 05'.8 east of true south. The Methodist Episcopal Church cupola bears 89° 37'.o west of true 
north. 1

' 

Dading/011, Darli11gto11 County.-The station is in the grou'1ids .. surrounding the Baptist Church, 
approximately in line with the rear of the brick tobacco warehouse and r 13.6 feet from the northeast 
corner of the church. It is marked ·by an oak peg with a small nail in the top, driven flush with 
the ground. The city hall cupola bears 22° 30'.o west of true north. The city water tank bears 
8° 151 .6 west of true north. 

Georgetown, Georgetown Comzty.-The station is on the sidewalk on the east side of Cleland 
street, north of Highmarket street. It is a few inches west of the line of trees on the sidewalk, and 
counting from the corner of Cleland and Highmarket streets it is between the fifth and sixth trees, 
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being 18.5 feet from the latter and 17.9 feet from the former. It is marked by a hard sandstone 14 
inches long with a triangularly-shaped top. The Presbyterian Church cupola, one-half mile distant, 
bears 75° 4 i1 .5 west of true south. The smokestack on the ice factory bears 5° 19'.8 east of true south. 

Kingstree, lVilliamsburJr Co1mty.·-The station is in the vacant lot north of the residence of 
Leroy Lee, being 12.4 feet from the east fence and 43.9 feet from the north fence of this lot. It is 
marker! by a fat pine peg driven flush with the ground. The target of the north railroad switch bears 
w 0 48'.7 east of true north. The south gable of the oil mill bears 29° 171.8 west of true north. 

Jl:fa11ni11g, Clarendon County.-The station is in the northeast corner of the court-house square, 
being 102.0 feet from the northeast corner of the court-house and ro4. 7 feet from the square cement base 
of the artesian well on the north side of the square. It is marked by a fat pine peg driven flush with 
the ground. The east gable of Jud. White's house bears 85° 46'.9 west of true north. The southeast 
edge of Moses Levi's store bears 58° 48i.7 east of true north. 

Marion, Jl:farion County.-The station is near the southwest corner of the public square. It is 
marked by a pine peg, 20 by 2 by 2 inches, with a small nail in the top and driven nearly flush with 
the ground. The Presbyterian Church cupola bears 22° II'-4 west of true south. The Colored Pres
byterian Church cupola bears 22° 09'.3 east of true south. Two brown stones were set to mark the 
true meridian, one 29.9 feet due south of the magnetic station and the other due north. 

Moncks Corner, Berkeley Cou11ty.-The station is in front of and east of the railroad depot. It is 
54.4 feet from the southeast corner of the chinme>' of Evans Myers's store and 50. 7 feet from the north
west corner of the shoe shop. It is marked by a pine peg driven flush with the ground. The target 
of the north railroad switch bears 12° 31 1 .6 east of true north. The southeast edge of the railroad 
depot bears 89° 291 .8 west of true north. 

St. George, Dorc/zester Count;1.-The station is near the southeast corner of the court-house 
square, being 67.0 feet from the southeast corner of the court-house. It is marked by a ro-inch terra
cotta pipe projecting 6 inches above ground. This is the south end of a meridian line 335. 7 feet long, 
the north end of which is sintilarly marked. The railroad water tank bears 65° 58'.1 east of true south. 
The colored church cupola bears 6° 251 .9 west of true north. The Baptist Church cupola bears 
82° 501 .6 east of trne north. 

Walterboro, Colleton C01mty.-The station is located on private grounds in front of Mrs. A. l\:f. 
Henderson's house. It is 83.5 feet from the east fence and 74.4 feet from the south fence, and is 
marked by an oak peg driven flush with the ground. The so111theast edge of Mrs. A. M. Henderson's 
house bears 20° 541 .7 east of true north. The north dormer gable of C. G. Henderson's house bears 
56° II 1 .I west of true south. 

TENNESSEE. 

Athens, Jl:fc!l!fi1111 Co1mty.-The station is on a hill north of the town, about 8oo feet northeast 
of the railroad station and about 6oo feet south of the standpipe. It is 43 feet east of an apple tree 
and l 18 feet southeast of the lower road from Athens to Sweetwater. The spire of the colored public 
school bears 8° 021.6 west of true south. The Baptist Church spire bears 35° o6'.3 east of true south. 
The station is marked by a stone 16 by 3 by 8 inches, lettered U. S. C. & G. S., 1903 on top, in the 
center of which there is a drill hole . 

.Renton, Polk Cormty.-The station is on the hill south of the town, about 225 feet northeast of 
the old brick kiln and 142.5 feet southeast of one of two heavenly bread (local name) trees. The 
court-house spire bears 3° II'.7 west of true north. The center of the belfry on the public school bears 
1° 26'.8 east of true north. The station is marked by a stone. 

Blormtville, Sullivan Cormty.-The station is on a hill west of town and on the property of 
Mr. C. A. Brown. It is 28.8 feet southeast of a twin persimmon tree and 240 feet southwest of the 
southwest corner of the residence of C. A. Brown. The station is marked by a stone 24 by 6 by 6 
inches, projecting 3 inehes abO\•e ground. A second stone set approximately 300 feet north marks the 
meridian. The Presbyterian Church spire bears 61° 451 .9 east of true south. The court-house spire 
bears 57° 401 .4 east of true south. 
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Cleveland, Bradley Cotmty.-The station is in an open field near the prolongation of Central 
avenue and Highland avenue. It is 78.5 feet from a fence along the south line of Central. avenue, 37.7 
feet from the north line of Highland avenue, and 14.5 feet southeast of a tree. The station is marked 
by a stone 30 by 4 by s inches, dressed to 3 inches square at the top, which projects 6 inches above 
ground. The court-house spire bears 47° 531.4 east of true south. The spire on the public school 
bears 78° 531 .4 east of true south. 

Clinton, Anderson County.-The station is in the east corner of the court-house square, 6x.5 feet 
from the east corner of the court-house, 29.9 feet from· the southeast fence, 37. x feet from the north
east fence, and 370 feet from the southwest corner of the jail. It is marked by a small pine peg. 
The cupola of the M. E. Church South bears 67° 59 1.4 west of true north. The spire on the Baptist 
Church bears 31° 551.1 east of true north. 

Crossville, Cumberland Co1mty.-The station is on the northeast side of the public square, 88.x 
feet from the south corner of the telephone office, 59.0 feet from the north meridian stone and 26o.6 feet 
from the south meridian stone. The meridian stones are 30 by 6 by 6 inches, each projecting 6 inches 
above ground. The cupola on the court-house bears 23° 431.2 west of true south. The cupola on the 
Webster Academy bears 78° 08'.2 east of true south. 

Dandridge, Jefferson County. -The station is southeast of the town in an open field belonging to 
J. L. Hedrick. It is 174 feet a little south of east from a hackberry tree at the corner of P. 0. alley. 
The station is marked by a stone with a drill hole in the top which projects about 4 inches above the 
ground. The steeple of the North Presbyterian Church bears 5° 12'.6 west of true north. The spire 
on the Masonic Hall bears 69° 401.4 west of true south. 

Dayton, Rliea Cotmty.-The stati,on is in the court-house square on the southeast side and about 
75 feet from the building. It is marked by a stone about 8 by 15 inches on top; three crosses are cut 
on it in a north and south line. The middle one at the middle of the stone is the magnetic station. 
South of the station, and near the southeast fe11ce at the south gate, is a stone about 8 inches square 
on top projecting xo i11ches above ground. This marks the south end of a meridian line established 
by R. V. Myers in 1903. From the north meridian stone the Baptist Church cupola bears 37° 51'.4 
east of true south. The M. E. Church cupola bears 13° 221.0 east of true south. 

Decatur, llfeigs Co1mty.-The station is located near the northwest corner of the intersection of 
the first street north with the second street west of the court-house. It is marked by a limesto11e 26 by 
8 by 4 inches, projecting 3 inches above ground. This is the nor.th end of a meridian line about 640 
feet long. The south end is a cross cut on the curbstone near the southeast corner of the intersection 
of the second street west with the second street south of the court-house. The T. V. Blevins monu
ment in the cemetery bears 57° 071.0 west of true north. The cupola of the Baptist Church bears 
55° 321 . r east of true north. 

D1111lap, Seqttatcliie County.-The station is in the court-house square near the south side, 3x.8 feet 
from the south fence and 46.0 feet from the south end of a meridian line 333.8 feet long. The south 
meridian stone is 26 by 7 by 7 inches and projects 2 inches above the ground. The north meridia11 
stone is of irregular shape, projects 2 inches above the ground and has a drill hole to mark the exact 
point. The meridian line passes very near the southwest comer of the court-house; from the magnetic 
station the south gable of the M. E. Church bears 17°13'.5 east of true north. 

Elt'zabethto11, Carter County.-The station is in an open space about 825 feet west of the Virginia 
and South Western Railroad station. It is marked by a stone 6 inches square on top and projecting 8 
inches above ground. North of the magnetic station 327.8 feet and just the other side of the next 
street is a stone marking the north end of the meridian line. The south stone is 468.4 feet south of 
the magnetic station and but a few feet south of the plank walk along Elk avenue. The spire of the 
Baptist Church bears from the magnetic station 63° 121.8 east of true north. 

Erwin, Unicoi County.-The station is in an open lot to the east of the street running south from 
the west side of the court-house at a point two blocks south. It is 42 feet from the north line of the 
street to the southeast and II9.6 feet from the north line of the street to the southwest. A stone 
marking the meridian line was set in the street 69.8 feet south of the magnetic station. The spire of 
the Baptist Church bears 29° 311 ,6 west of true north. 
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Greeneville, Greene County.-The station is in Terrell field on the west side of town and 165 feet 
southwest of the northwest corner of the Presbyterian parsonage. It is marked by a stone 30 by 5 by 
3 inches projecting 4 inches above ground. The ball on Johnson's monument bears 13° o61 .5 east of 
true south. The chimney of the Brown Manufacturing Company bears 46° 561 .o west of true north. 

Huntsville, Scott County.-Thestation is south of the school building on the public school grounds. 
It is almost in line with the west front of the schoolhouse and is 84.6 feet from the southwest corner 
and 87.2 feet from the southeast corner of the building. A peg driven flush with the ground marks 
the station. The cupola of the M. E. Church ·bears 77° 351 .5 west of true south. The north gable of 
the old court-house bears 87° 581 .9 west of true south. The north gable of the Baptist Church cupola 
bears 8o0 371 .5 west of true north. 

Jamestown, Fentress Co1mty.-The magnetic station is north of the approximate center of the 
north side of Mr. Wood's garden and is 1 r.2 feet north of the north meridian stone. This stone is 
28 feet southwest of a persimmon tree and 57.5 feet west of a second persimmon tree. The north 
meridian stone is 14 by 14 by ro inches with a drill hole and cross in the top, which is flush with the 
ground. The south meridian stone is 309 feet from the north stone and 18 inches from the northeast 
corner of O.·C. Conatser's house. It is I l by 18 by 6 inches with a drill hole and cross in the top, 
which is flush with the ground. The east gable of J. Y. Crawley's hotel bears from the magnetic 
station 88° 241 .4 west of true south. The southwest edge of the \\Tood Hotel bears 59° 591.7 east of 
true south. 

Jasper, Marion County.-The station is on vacant ground north of the Lankester Hotel, I 10.3 

feet from the northeast corner of the hotel, 25.8 feet from the east fence, and 32.7 feet from the north 
fence. It is marked by a poplar peg driven flush with the ground with a small nail in the top. The 
cupola of the M. E. Church South bears 49° 051 .9 west of true north. The cupola of the M. E. Church 
North bears 7° 38'.6 east of true north. The northwest edge of the Sam Houston Academy bears 
66° 131 . l east of true north. 

Jonesboro, Washington Cormty.-The station is on a hill south of the town, just beyond and next 
to the residence of L. R. Clark. It is on the east side of the street running south from the court
house and is 264 feet southeast from the southwest corner of the residence of L. R. Clark. It is 
marked by a stone projecting 3 inches above ground. The spire of the Baptist Church bears 6° 041 .1 

west of true north. The Methodist Church spire bears 60° 271 .1 west of true north. · 
Kingston, Roane Cormty.-The station is on the north side of the Masonic lot, in line with the 

north fence of the M. E. Church and about 47 feet from its northwest corner. It is marked by a 
sandstone 26 by fl by 8 inches projecting 2 inches above the ground. This is the south end of a 
meridian line about 825 feet long, the north end of which is marked by a similar stone projecting 8 
inches above the surface of the ground. This north stone is r foot south of the fence between the 
Cormany and Staley properties. From the south monument the cupola of the Baptist Church bears 
54° 571 .o east of true north. The court-house cupola hears 89° 19'.o east of true south. 

Knoxville, I<nox County.-The station is on the west edge of town at Fort Sanders. It is at the 
intersection of the west property line of Tenth street with the north line of Prof. \\1. \V. Carson's 
house. The station is 38o.5 feet from the northwest corner of this house and is north of Clinch street. 
It is marked by a stone 15 by 2 by 6 inches set flush with the grou11d. The spire on Daniel Briscoe's 
house bears 79° 541 .2 east of true south. The United States \Veather Bureau pole on the -Cniversity of 
Tennessee bears 85° 121 .7 east of true south. 

Loudon, Loudon Cormty.-The station is northeast of the court-house, in the court-house square, 
on an established meridian line, 47.4 feet south of the north monument. The south stone is near the 
south gate. Both stones are 8 inches square on top with drill holes in the center. 

ll:!adisonville, lllonroe Co1mty.-The station is in the open square west of the public school. It 
is 202.3 feet southeast from the northeast corner of Robert Snider's house. It is marked by a stone 
18 by 5 by 5 inches with a cross on top which projects 3 inches above the ground. The court-house 
spire bears 00° 41 1 .o west of true north. The spire of the public school bears 43° 261.5 east of true 
south. 
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Maryville, Blount County.-The station is in the west side of the grounds of Maryville College 
and is northwest from the college building. It is east of a paved walk at a point where the walk turns 
off to the southeast. The distance from the station to this walk is 37 feet, and to a cedar tree to the 
northeast it is 18.8 feet. The station is marked by a stone. The spire on the Twenty-first district 
public school bears 75° 45'.8 west of trne south. The court-house spire bears 56° 32'.7 west of true· 
north. 

llfaynardville, Union County.-The station is in the northeast corner of a lot belonging to Mr. 
Carr and is about 300 feet south from the post-office. It is 61. 2 feet from the north fence and 59.6 
feet from the east fence of this lot. The station is marked by a stone 24 by 8 by 8 inches. A second 
similar stone was set south of the station to mark the meridian. The spire of the public school bears 
87° 48'.5 east of true south. The court-house spire bears 13° 21'.o west of true north. 

Jlforristown, Hamblen County.-The station is in an open lot on Cumberland avenue belonging 
to Mrs. 0. C. King. It is two blocks south of the railroad. The station is 246.5 feet from the north 
line of the street to the southwest and 131 feet from the west line of the street to the southeast. It is 
marked by a marble slab 15 by 4 by 4 inches set flush with the ground. The spire of the Baptist Church 
bears 24° 33'.1 west of true south. The north gable of E. 0. Tate's house bears 83° 38'.6 elclt of true 
north. 

Jlfomztain City, Jolznson County. -The station is west of town, just beyond (west) a small creek, 
161 feet south of the south fence line along the Doe road and 424 feet northwest from the southwest 
corner of the Baptist Church. The station is marked by a wooden stub with four witness posts at 
right angles thereto; a second peg with witness posts was set about 300 feet south to mark the meridian. 
The court-house spire bears 89° 05'.3 east of true south. 

A'ewport, Cocke Co1111ty.-The station is in a field east of Master's Sanitarium at Eastport, which is 
about three-fourths of a mile east of the railroad station at Newport. The station is 196 feet from a 
road fence to the northeast. It is marked by a marble slab 24 by 6 by 6 inches projecting 4 inches 
above ground, with a drill hole in the center of the top which is lettered U. S. C. & G. S., 1903. The 
spire on Master's Sanitarium bears 32° 29'.3 west of true north. The north gable of Robert Valen
tine's house bears 78° 55'.3 east of true south. 

Pikeville, Bledsoe Counl)'.-The station is near the southeast corner of the court-house square, 
17.8 feet from the east fence and 30.5 feet from the south fence. It is marked by a hard limestone 
24 by 5 by 11 inches projecting 2 inches above ground and with a drill hole in the center of the top. 
This stone marks the north end of a meridian line 593.3 feet long. The south meridian stone is near 
the southwest corner of the jail yard, l .o foot from the south fence and 8.1 feet from the west fence. It 
is a hard limestone of irregular shape, sunk a little below the surface and with a drill hole in its top. 
The cupola of the Christian Church hears from the magnetic station 36° 21'.8 west of true south. The 
chimney on S. F. Stevens's house, I mile distant, bears 48° 42'.3 east of true north. 

Rogel"Sville, Hawkins Co1111ty.-The station is in the south corner of the grounds of the Swift 
Memorial Institute. It is 187.9 feet a little west of south from the south corner of the institute build
ing, 50.8 feet northeast from the yard fence to the southwest, and 51.2 feet northwest from the yard 
fence to the southeast. The spire of the Southern Methodist Church bears 71° 48'.2 east of true north. 
The station is marked by a stone 15 by 3 by 4 inches projecting 3 inches above ground. 

Rutledge, (;rai11ger Co1111ty.-·The station is in the southwest corner of the Preshyterian Church 
yard, 107 fett southwest of the southwest corner of the Presbyterian Church, 77.5 feet from the west 
yard fence and 79.5 feet from the south yard fence. The station is marked by a stone 14 by 5 by 5 
inches projecting 2 inches above ground. The court-house spire bears 86° 13'.8 east·of true north. 
'rhe Methodist Church spire bears 66° 54'.8 east of true north. 

Sevierville, .Seziie1· Cotmfy.-The station is 184.2 feet southwest of the southwest corner of 
Murphy College and on the campus. It is marked by a stone 48 by 18 by 8 inches bevelled to 6 by 
4 inches on top. A similar stone was set just inside the fence on the north side of the campus to 
mark the meridian. The turret 011 the Tiaptist Church bears 00° 55'.8 east of true north. The court
house spire bears 53° 23'.7 west of true north. 
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TENNESSEE-Continned. 

Tazewell, Claiborne County.-The station is in a lot belonging to W. C. Parkey and is about 500 

feet east of the Parkey residence across the street. It is 19.5 feet west of a north and south fence line 
and 30.8 feet north of an east and west fence line. It is marked by a stone 24 by 10 by 8 inches 
projecting ·4 inches above ground. The northwest comer of John Margrave's house bears 21° 53'.1 
east of true south. The court-house spire bears 52° r5'.4 west of true south. 

1Vartburg; Morgan Cou11ty.-The station is in the northwest comer .of the court-house square, 
47.2 feet from the west fence and 33.6 feet from the north fence. It is marked with a peg driven flush 
with the ground. The east gable of Judge Risedon's residence bears 12° 571.1 west of true south. 
The east gable of Doctor Cooper's house bears 77° 291 .4 west of true north. 

WASHINGTON. 

Port Angeles, Clallam Cotmty.-The station is on the alluvial spit forming the harbor. It is 
about half a mile west from the light-house, a little nearer the outside than the inside of the spit, and 
about 25 yards south of the crest. It is northeast of the most easterly bunch of three piles driven 
along the inner edge of the spit. The station is marked by a fir post about a foot square, with rounded 
corners Ind projecting about IO inches above ground. The Ediz Hook Light-house bears 82° 151 .2 

east of true south. The cupola of a church near the wharves bears 22° 051 .8 west of true south. 
Port Townsend, Jefferson Cozmty.-The station is in the proposed site for a public park on the 

northern edge of the city. It is 25 feet west of the bluff extending through the city arid about the 
same distance north of the edge of a depression running in an east and west direction. The station is 
marked by a cedar block 8 inches square and projecting 3 feet above the ground. The spire of 
Central High School bears 26° 541.2 west of true south. 

1 

Seattle, King Cozmty.-The station of 1903 in the grounds of the State University was reoccupie~. 
It is marked by a stone post 8 inches square projecting 5 inches above ground and lettered 
U. S. C. & G: S., 1903. The east corner of the administration building bears 23° o8'.5 west of true· 
south. 

FOREIGN COUNTRIES. 

RAHAMA ISLANDS. 

Clarence Town, Clarence Harbor, Long .Island. The station 1s m the Government Residency, 
and is marked by a ¥-inch copper bolt, set in bed rock, between the portico of the residence and the 
flagstaff. It is about 40 feet from the flagstaff and about 6o feet from the portico of the residence. 
The mark used was the rod on top of the light staff on Gaspin Point. The true azimuth of this mark 
was found to be 28° 441 .4 east of true north. 

Cockburn Town, Waitings .lsland.-The station is on the premises of the government residence 
and hence on Crown land. It is about 40 feet east-southeast from the southeast corner of the residence 
and is marked by a pint bottle buried in the ground to the depth of 3 or 4 inches. The only available 
mark was John Macky's house in Sugar Loaf village, distant about 4 miles to the south and across the 
bay. This house is the largest of a group of three or four dwellings visible from the magnetic station 
and in the settlement called Sugar Loaf. The location of this station was selected on account of its 
convenient access from the point of anchorage at Riding Rock Point. 

Hope Town, Elbow Cay, Abaco Island.-Magnetic observations were made on a narrow ridge 
between Little Harbor and the southeast coast of Elbow Cay. The station is about 100 feet northeast 
of the public schoolhouse and about 100 feet northwest of the Episcopal Church. It is marked by a 
limestone rock about a foot square and planted in the soil. The mark used was the rod on top of 
the Elbow Cay Light-house, which is about one-half a mile north-northwest of the station. 

Nassau, Hog Island.-Observations to determine the magnetic declination were made at a point 
about 30 feet west-northwest of the stone monument marking the southwest corner of a former Crown 
reservation. This is presumably within a few feet of the station occupied by Lieutenant Ackley in 
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1879, although no evidence of his station was found. The station is approximately 2 200 feet from the 
front of the Hoard of Trade yard in Nassau and 5 ooo feet east of the Hog Island Light-house. It is 
just above high tide, on the south shore of Hog Island, and directly opposite the Royal Victoria Hotel 
in Nassau. The mark used was the obelisk at Fort Charlotte, which is west-southwest from the 
station. 

Nassau, Old Government House.-The station is on the grounds of the old government building 
built by the first governor of the islands (Lord Dunmore?). The property was until recently used as 
a government hospital. About six or eight years ago .it was purchased by the Catholic Church and is 
now the residence of the local priest, Father Chrisostum Schreiner. The exact location of the station 
occupied is marked by means of 5 copper nails driven into the bed rock on the premises, about 75 
feet west-northwest from the northwest corner of the building. These nails are covered by means of 
a slab about 1 foot square, with the inscription "Bahama Expedition, 1903." The loc11tion of the 
station is further fixed by sighting upon three points, Hog Island Light-house to the north, the obelisk 
to the west, and the northwest edge of the priory building, about 75 feet to the east-southeast. The 
mark used was the tip of the obelisk at Fort Charlotte. Its true azimuth was found to be 86°47'.4 
west of true north. 

Nassau, PublicSquare.-The station is at the southern extremity of the meridian line established 
by the surveyor-general, Mr. Miller, from north star observations. This point is marked by a bolt in 
a stone slab a few feet to the north of the abandoned well between the library building and the custom
house. The north end of the meridian line is a bolt in the wall of the custom-house, about 300 feet 
distant from the south end. 

CANADA. 

Union, Britislz Colmnhia.-The station of 1903 was reoccupied. It is on an alluvial spit, about a 
quarter of a mile north of the Wellington Colliery Company's pier and about half that distance east of 
the railroad and coke ovens. It is about 10 feet east of the cart path, roo feet north of a large wooden 
post, about 18 inches ii1 diameter and 8 feet higp, and 75 feet from high-water mark. The station is 
marked by a fir post about 6 inches in diameter and projecting about Io inches above ground. The 
northeast edge of the chimney at the brickkiln bears 19° 5cl.4 west of true south. A church spire at 
Comox bears 18° 441 .8 west of true north. 
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TELEGRAPHIC LONGITUDES: THE PACIFIC ARCS FROM 
SAN FRANCISCO TO MANILA, r903-4, COMPLETING THE 
CIRCUIT OF THE EARTH. 

By EDWIN SMITH, Assistant, Coast and Geodetic Sttrvey. 

GENERAL STATEMENT. · 

Preparations for the determination of the difference of longitude by telegraphic 
methods between San Francisco and Manila begal'i in December, 1902, in anticipation 
of the completion of the trans-Pacific cable, which was announced for the year 1903, 
and on the 20th of that month the writer began to prepare plans for the work. In 
February a visit was made to the New York office of the Commercial Pacific Cable 
Company for the purpose of obtaining information in regard to the best method of 
recording time signals automatically. A method had been successfully used by the 
Canadian and English observers in determining the difference of longitude between 
Greenwich, England, and Montreal, Canada, in 1892, but no description of this method 
was available. Fortunately, the superintendent of the cable station at Canso, Nova 
Scotia, Mr. S.S. Dickerson, was in New York, and could describe the apparatus. Based 
upon the information thus obtained, a simple apparatus for recording automatically 
time signals sent over cables was designed and constructed at the Coast and Geodetic 
Survey Office, wpich proved entirely successful in use in the field. 

Mr. G. G. Ward, vice-president and general nianager of the Commercial Pacific 
Cable Company, generously granted the

1 
privilege of using the cables of his. company 

in the exchange of time signals and in making the necessary communications between 
the observers during the progress of the work without charge, and issued instructions 
to the superintendents of the cable stations at San Francisco, Cal., Honolulu, Hawaii, 
Midway Island, Guam Island, and Manila, P. I., to do all in their power ~o facilitate 
the progress of the work. 

The writer arrived in San Francisco on March 17, 1903, fully equipped for the 
work, and was joined the same day by Assistant Fremont Morse, who was to co-operate 
in the longitude determinations. 

The following plan of operations was adopted: 
( 1) Testing of apparatus and special observations for relative personal equation at 

San Francisco. 
( 2) Determination of difference of longitude on five nights with Smith at Honolulu 

and Morse at San Francisco. · 
263 
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(3) The same number of determinations with Morse at Honolulu and Smith at 
Sau Francisco. 

(4) Special observations for relative personal equation at San Francisco. 
(5) To take up the other stations when the cables should become available. 
The recording apparatus was tested and found to be more satisfactory than was 

anticipated. Observations for personal equation were made in San Francisco, and on 
April 14 the observers were ready for observations at Sau Francisco and Honolulu. 
Several days of unfavorable: weather followed, but the necessary, observations were 
obtained April 20, 22, 26, 27, a1id 29. Mr. Morse then went to Honolulu and observa
tions for personal equation were made, before the writer left for San Francisco, at which 
place be arrived on May 19. Unfavorable weather again prevented observations until 
June 2, when observations were made, and also on June 4, 6, 1 l, r 2, and r 3, thus com
pleting the work between San Francisco and Honolulu, the first step in the trans
Pacific longitude work. 

In May it became known that the cables between Honolulu and Manila would be 
completed by the Fourth of July, and it was decided to advance the work as rapidly as 
possible. There was 110 regular means of transportation to and from Midway, and it 
was therefore desirable to leave this station out of the scheme if possible. There seemed 
to be a possibility of getting signals directly between Honolulu and' Guam with the 
cables joined at Midway, and, the cable company having consented to make the attempt. 
the writer went to Guam by the first available means of transportation. In accordance 
with the plan adopted Mr. Morse remained at Honolulu for the purpose of going to 
Manila upon the completion of the work between Honolulu a1~d Guam. It was 
intended that the writer should join him at Manila and again make observations for 
relative personal equation. It will later be seen that this excellent scheme unfor
tunately could not be carried out. 

The·writer sailed from San Francisco on the U.S. S. ::,olace June 21 and arrived at 
Honolulu ou the 27th, where he was able to again 1.:onfer with Mr. Morse, and observa
tions for personal equation were made. The Solace sailed from Honlulu July 1 and 
reached Guam Island July 14. Here the writer met with many unexP.,ected difficulties, 
but with the very generous and kind assistance of the superintendent of the cable station 
they were overcome. 

The governor of the 'island, Commander W. E. Sewell, U. S. Navy, offered any 
assistance he could give, and some very necessary supplies were obtained from the naval 
station. 

The cables were not ready for signals on July i4, but by the time the observatory 
and instruments were ready, July 27, the cables were at the service of the longitude 
parties. The tests made 011 that day failed to give satisfactory signals, and it became 
evident that no satisfactory signals between Honolulu and Guam with the cables joined 
at Midway could be obtained, except possibly by the use of a voltage so great that the 
cables would be endangered. It was quite out of reason to ask the cable company to 
take, such a risk and the attempt to eliminate Midway as a longitude station was aban
doned. The Superintendent of the Survey being informed of these conditions, Mr. 
Morse proceeded to Manila, arriving there on August 31. 

The difference of longitude between Guam and Manila was determined on nights 
of September 8, 12, 14, 15, and r6. 

I 
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There is no means of transportation from Manila to Guam except by the na\'.y 
vessels. The U. S.S. Solace makes two trips a year, and occasionally some other veS5el 
stops there on the voyage to the United States. The army transports stop at Guam on 
the voyage from the United States to Manila, but not on the return voyage. So, 
whereas it is quite easy to get from Guam to Manila, it is very difficult to get from 
Manila to Guam. The exchange of observers had, therefore, to be given up. It was 
learned that the U. S. S. Iroquois would sail from Honolulu for Midway about October 
16, and in order to reach Honolulu by that date Mr. Morse would have to take the 
steamer from Hongkong Septetnber 26, and that necessitated his ieaving Manila 011 
September' 19, and so no further deterrt1i11ation of the difference of longitude hetween 
Guam and Manila could be made. Mr .. Morse reached Honolulu Odober 15,.and found 
the trip of the U. S. S. Iroquois had been given up. While Mr. Morse was seeking 
other means of transportation, there occurred a wreck on the reef at Midway, which led 
to the Iroquois making the trip and taking Mr. Morse and outfit there. He reached 
Midway on November 3. The difficulties at Midway were eyen greater than at Guam, 
as Mr. Morse was entirely dependent upon the cable staff for assistance and their force 
was limited. Their. generous assistance and great interest were ~nost important in 
advancing the work. Longitude determinations between Midway and Guam were made 
on nights of November 16-17, 17-18, 18-19, 22-23, .23-24, 26-27; December 1-2, 3-4, 
4-5, 5-6. 

It now became the question how the writer could most quickly reach Honolulu. 
An army tr~nsport lV.~s due at Guam December 22, and would reach Manila December 
28, just too late to get to Hongkong in time to take the steamer due to sail January 2. 
The next st~atner would sail January 9 and reach Honolulu January 30. The cable 
company'.s ship Scotia was expected at Guam January 4, and would probably reach 
Ho.nolulµ about January 23. Transportation on the Scotia was secured, and word came 
ft:<>m.Mf.: Ward. that she would reach Guam about January IO. This made it desirable 
~<=>; t~~~~ i,~i:~ ~rmy transport Logan to Manila, but when sht: arrived it was fotmd imprac
ticable. On January 8 word came from Mr. Ward that the Scotia was still further 
delayed, an.d as t:qe U. S. S. Solace was due on January 10 it was decided to risk no 
further. delays. The So/are sailed on the 10th and reached Manila January 15. A 
steam~r sailed the next day for Hongkong, where the writer caught a Pacific Mail 
stc:;a1µer and arrived at Honolulu February 8. It turned out that the Hongkong 
Maiu, \vhich sailed from Howgkong January 9, was held up at Yokohama in anticipation 
of the war, 

At" this season the weather was very unfavorable at both Honolulu and Midway, 
~ut especjally,rat the fonner place. Detenninat1ons of the difference of longitude 

l·,, .:.J. . . 

bet'1'8~Rct1m~e places was made on nights of February 22, 25; March 2, 8, 9, 10, 19, 
and_, 24, .. a,~il. ~urther attempts were made up to April 8, but the very cloudy weather 
prevented stic<;:11ss. The failure of the army transport Buford to land provisions at 
Midway March 28 led to a trip of the U. S. S. Iroquois to the island, and Mr. Morse 
returned on her to Honolulu, where he arrived April 16. · 

Observations for relative personal equation were made before the observers sailed 
for San Francisco, on April 18 and 21, the only available nights. They reached San 
l;"randsco May 2, and made further observations for personal equation on May 6, 7, 8, 
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and 9. This closed the field work for the determination of the difference of longitude 
between San Francisco and Manila. 

It will at once be understood that the chief cause of delay in the prosecution of 
this work was the difficulty of transportation to and from the islands of Midway and 
Guam. Mr. Morse was at Midway five months and seven days, while the writer was 
at Guam six months less four days. 

Acknowledgment is made to the cable company and to Mr. G. G. Ward, its 
vice-president, for the many facilities and courtesies extended to the observers. without 
which the work would have been impracticable; and also of the assistance rendered by 
the cable staffs at the several stations, and especially in the cases of t~1e superintendents, 
Mr. H. F. Harrington at San Francisco, Mr. J. D. Gaines at Honolulu, Mr. B. W. 
Colley at Midway, Mr. D. Coath at Guam, and Mr. E. Desnouee at Manila. 

DESCRIPTIONS OF STATIONS. 

SAN FRANCISCO S'l'ATION. 

The present longitude station in San Francisco is on Drill Plain Knoll, in the Pre
sidio Military Reservation. It is about 130 meters southwest of the terminus of the 
Union street-car line. The observatory is T-shaped, and contains three roo~s. The 
observing room is in the stem of the T and to the east of the other two. It contains 
three piers of brick, capped with massive sandstones. A clock is mounted on the west 
pier. Upon the middle pier was mounted transit No. 3, and this pier is the longitude 
station. The east pier was built for the zenith telescope. This obsetvatory was built 
in 1896, under the direction of Assistant A. F. Rodgers, who was in charge of the sub
office at San Francisco. The same year the difference of longitude between this station 
and the old station at Lafayette Park was determined by Assistants Fremont Morse and 
0. B. ·French on ten nights, the observers exchanging stations after the first five nights. 
The results of this determination will be found on pages 820 and 826 of Special Publi
cation No. 4, U. S. Coast and Geodetic Survey, 1900, "The Transcontinental 
Triangulation.'' 

Transit No. 19 could not be conveniently mounted on the middle pier, and was 
therefore mounted on the east pier, which is 1.47 meters, or o".063, or o•.004, east of 
the _111iddle pier or longitude station. 

This station is about 4 miles from the office of the Cgmmercial Pacific Cable Com
pany, and as signals could not be sent on the cable from thecbservatory, a break-circuit 
chronometer was placed at the cable office, and by a land-line connection this chronom
eter was compared with the break-circuit chronometer at the observatory hoth before 
and after the signals were exchanged between San Francisco and Honolulu. A land 
line already existed between Presidio and the Feland Building under the control of the 
Army Signal Corps, and this was connected with the obserYatory by direction of Colonel 
Allen, the officer in charge. The Postal Telegraph Company very kindly furnished 
the land connection between the cable office and the Feland Building. The Pacific 
States Telephone and Telegraph Company also furnished telephone connection between 
the observatory and cable office. 

The latitude of this station was determined in 1896 by Assistant 0. B. French, and 
js 37° 47' 4811 .22±0" .05 N. (See p. 724, Special Publication No. 4, U. S. C. & G. 
Sun·ey 1900, "The Transcontinental Triangulation.") 
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HONOLULU STATION. 

All former observation stations at Honolulu were unavailable, and a new one was 
selected. A site at the navy station was :finally chosen and pennission to occupy it was 
granted by Lieut. Commander Hugh Rodman, the acting commandant. This is prob
ably the best location within the limits of Honolulu. It is on Government property, 
and will be preseryed. 

An excavation was made to the solid coral rock, upon which was built the concrete 
pier 14 by 26 inches, extending 3 feet above the surface of the ground. This pier is 
in the center of a wooden observatory 8 by 12 feet. The sides of the building are only 
6 feet ·high and the ridge 

0

of the roof is but 2 Yz feet higher, so the distance between the 
objective of the transit and the outside air is about as short as it is practicable to have 
it. The opening in the roof is 14 inches wide. 

North of the center of this pier I 1. 27 feet was placed a mark consisting of an iron 
pipe 2.5 feet long set in cement, with a copper bolt marking the center. This mark 
was set by the Territorial Survey, under the direction of Mr. W. E. Wall, and coni1ected 
with the main triangulation of the island. The latitude of. the longitude station was 
thus found to be-

21° 18' 23".7 north. 

The station is about one-half mile from the cable office, and was connected with 
it by a land line and telephone line in the same manner as at San Francisco. The land 
line was put up by the Territorial government, and the telephone was furnished by the 
Mutual Telephone Company of Honolulu. 

GUAM ISLAND. 

This s(ation is on the Orote feninsula near the north limits of the grounds of the 
Commercial Pacific Cable Company station. The pier and observatory are similar to 
those at Honolulu. The pier is built upon the solid coral rock near the edge of the 
bluff, about 330 feet nearly northwest of the temporary office of the cable company. 
It is about 80 feet above sea level. It was connected with the cable office by a 
loop of No. 12 insulated copper wire. The record at the cable office was made by the 
chronometer at the observatory. A room was built on the west end of the observatory 
for the accommodation of the observer. This station was connected by a small triangu
lation with the Navy Survey of the island and its latitude thus determined from the 
navy observations made at Fort Santa Cruz in 1899. The latitude of the longitude 
station is-

13° 26' 22".27 north. 

MANILA STATION. 

The Coast and Geodetic Survey astronomic station at Manila was established in 
1901, under the direction of Assistant G. R. Putnam. By permission of the military 
authorities the station was located in the walled city of Manila in the block occupied by 
the foundation of a projected Government building (Spanish) opposite the pla:ia in front 
of the principal public building, commonly called the ''Palace.'' In a quadrangle 
formed by the foundation wall and open toward the plaza a frame observatory building 
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10 by 15 feet was erected. Two massive granite blocks were set for the instrument · 
piers, their centers being in an east and west line and 5.5 feet apart. These pierq are 
19 by 24 inches and were 32 inches in the ground and 28 inches above the ground. 
The east pier is the longitude station. By triangulation this station was connected 
with the center of the cathedral dome, which is the point of reference for astronomic 
work at Manila. The latitude of the astronomic station as observed by the Coast and 
Geodetic Survey in 1901 is-

14° 35' 31".68 north. 

Cathedral dome is east of the astronomic station l00.67 meters, or 311 .36 (o".224), 
and south 46.98 meters, or r" .53. This station is about r ~ miles distant from the ' 
cable office and was connected with it by both land telegraph line and telephone, as at 
San Francisco and Honolulu, for which Mr; Morse states that he was indebted to Major 
Glassford, Chief Signal Officer, U. S. Army. 

Mmw A Y ISLAND. 

The station is located on a prominent sand dune about 15 feet above high water 
and about 240 feet northeast frpm the temporary office of the Commercial Pacific Cable 
Company. It is marked by a bottle about 3 feet below the surfa.ce of the ground. 
The pier and observatory are similar to those at Honolulu, a room being added to the 
west end for the accommodation of the observer. The station was connected with the 
cable office by a loop of No. 12 insulated copper wire, as at Guam. 

The latitude of the astronomical station at Midway, as determined by Mr. Morse 
with a sextant and artificial horizon, is-

28° 12' 52".1 north. 

THE AUTOMATIC RECORD OF CABLE SIGNALS. 

The five stations of the Commercial Pacific Cable Company arc fitted out with the 
same character of instruments. The Muirhead siphon recorders are exclusively used 
and a descripton of them can be found in ''Submarine Telegraphs,'' by Charles Bright. 
The record is made upon a slip of paper by a siphon pen. The slip is made to move 
by an electric motor at the rate of about 2 centimeters per second. The siphon pen is 
a very delicate glass tube which is attached to a bit of metal about r centimeter square 
fastened to a horizontal thread held on a horizontal frame in front of the magnet and 
coil of the receiver. By two threads the bit of metal is attached to the coil of the 
receiver in such a manner that the turning of the coil by the cable current gives the 
lower end of the siphon pen a motion parallel to the plane of the paper and at right 
angles to the direction of motion of the paper. The electric current which is u~ed on 
the cable is so weak that this siphon pen would not be moved by it ~f the pen were in 
contact with the paper, and it is therefore kept in constant vibration at right angles to 
the plane of the paper. In order that the paper and pen may have. the proper relative 
positions the rollers over which the paper passes are attached to a stand capable of a 
vertical and two horizontal adjustments. It was necessary that all signals should be 
received through this instrument and recorded on the slip of paper at the cable office. 
The end of the cables are brought into the office and no land-line attachment whatever 
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is allowed. The problem was to refer the record of a signal received on this slip to the 
time as recorded by a break-circllit chronometer, and it was solved in the following very 
simple manner: A magnet as nearly as practicable like the magnets of the chrono
graphs was provided and to the armature was fastened a sr'nall horizontal arm of 
aluminum. This arm carried a siphon pen exactly like the one on the cable receiver. 
A stand was provided for this mag~ethaving a vertical and two horizontal adjustments 
so that it could be placed in front of the cable receiver and be adjusted to record on the 
slip alongside of the ·cable pen, taking ink from the same well. This is called the 
chronometer cable recorder. The chronometer and local battery were in circuit with tl1i s 

~0. 11 . 

Chron01neter recorder ror ca bl e signals. 

magnet. The record of the chronometer was made on the s lip by the pen attached to 
this magnet, and that of any sig nal corning over the cable by the cable pen parallel to 
it. The record of the cable pen could 'be brought verticall y down to the record of the 
chronometer pen and read with the ordinary scale: On account of the impracticability 
of always adjusting the pens exactly opposite each other the cable sig nal has a correc
tion the determination of which will presently be expla ined. This chronometer record 
is made on 'the slip in e4actly the same manner that it is made on a chronograph. 

The signals were sent by a key such as is used in correspondence over the cable. 
In fact, the two keys used were obtained throug h Mr. Ward from the cable company. 
They are double keys, by which a positive or negative current can be sent to the cable. 



APPENDIX NO. 4. TELEGRAPHIC LONGITUDES. 273 

An attachment to these keys was made at the Coast and Geodetic Survey Office by 
which the circuit through the chronometer recorder would be broken at the instant the 
current was put on the cable and thus record tµe chronometer time of the 'signal sent. 
\Vhen sending signals the local cable receiver was generally disconnected but by so 
arranging a shunt that a small portion of the sending current would pa s through the 
coil of the local receiver a sharp record was also made by the pen of the cable receiver, 
and thus the relation of the two siphon pens to each other was obtained from the signals 
used in the longitude work. This was clone in all the work except between San 
Francisco and H onolulu. This cable is duplexed-that is, it is so connected that 
messages can be sent in both directions at the same time. The balance of the currents 

No . .). 

Key for sendi ng time sig nals over cable. 

must be so perfect to accomplish this that the equality of the transmission times of 
sig nals must be more certain than in any other ca ·e . In this particular longitude 
the balance of the cables wa slightly disturbed, both 'before and after exch anging 
signals, in order to send special signals to get the demble local record to determine the 
relation of the pens. 

At the stations San Francisco, Honolulu , and Manila the observatories \\'ere so far 
from the cable stations that the chronometer recorder at the cable office could not be 
placed in circuit with the chronometer at the observatory. Another chronometer ~as 
therefore placed at the cable office to be used in the exchange of cable signals . At these 
s tations the ol servatories and cable offices were connected by land lines grounded at 

10277-04--18 
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both ends. These were closed circuits, containing at each end a 50-ohm Morse relay 
and a Morse key and necessary battery. :r'he chronometers were compared just befor~ 
and just after the exchange of cable signals, and the method of the comparisons. was the 
same as in a determination of longitude over any land line. Between 20 and 30 signals 
were sent in each direction, those sent from or received at the cable office being recorded 
on the cable slip by the siphon pen of the chronometer recorder and those sent from or 
received at the observatory on the chronograph. 

At stations Guam Island and Midway Island the observatories were near enough 
to the cable office to admit of the chronometer recorder at the cable offices being placed 
in the observing circuit with the magnet of the chronograph, and so the cable signals 

CABLE OFFICE 

OBSERVATORY 

0"8t1''Ying.K!f' 
al Tron#if . 

Local circuits at San Franciseo, Honolulu, and Manila. 

At observatory while observitig place switch X on C. At cable office while exchanging cable signals place X on c. 
When comparing chronometers place X on B at both observatory and cable office. 

were recorded by the same chronometer used in making the time observations. The 
three sketches show the arrangement of circuits as above stated. 

The plan for exchanging signals was as follows between San Francisco and 
Honolulu: 

( 1) The corrections to the cable pens were determined at each station by about 
20 signals. 

( 2) Chronometers at observatories and cable offices were compare~ by about 20 
signals in each direction. 

(3) San Francisco sent 40 signals to Honolulu. 
(4) Honolulu sent 80 signals to San Francisco. 
(5) San Francisco sent 40 signals to Honolulu. 
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CABLE OFFICE 

Cable 
Rec11lvttr 

OBSERVATORY 

I.ocal circuits at Gunm. 

275 
No. 7. 

Sending or receiving •ignals place switch on A. During correspondence place switch Oil D. When observing place 
switches Oil C and D. !!ending or receiving signals place switch on E. 

CABLE OFFICE 

O.BSERV.ATORY 

~.)' 
~----i111----Jto 

Obu;y/ng l<'!)I 

Locnl circuit at Midwny. 

No. 8. 

During observations a wire wns put around the cable key so correspondence would not interfere ond was removed 
when signals were excllanged. 
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( 6) Chronometers at observatories and cable offices were 
compared by aboµt 20 signals in each direction. 

( 7) The corrections to the cable pens were determined at 
each station by about 20 signals. 

\.,. . 
l ~ ·o 

<l 
E 

It. was found that so many signals were unnecessary, apd 
consequently between the other stations only half the number 
of cable signals were exchanged. After the San Francisco-
Honolulu work the corrections to the cable pens were deter
mined from the regular cable signals sent, as previously 
stated, and no chronometer comparisons were needed at 
Guam and Midway. The eastern station always sent 20 sig
nals, then the western station sent 40 signals, and again the 
eastern sent 20. This plan served to eliminate the effect of 
rate of the chronometers and to determine the transmission 
times of the cable signals. In the comparison of the chro
nometers there seems tO have been no appreciable transmis
sion time over the short land lines. The transmission time 
of the cable signals on the several nights in each determina
tion of difference of longitude is more uniform than that 
derived from previous longitude determinations over cables, 
and this is undoubtedly due to recording the signals automat
ically and to the accuracy with whfoh they can be read .. 
Examples of all the signals are shown in illustrations 9 and 
10. 
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The lower line in these illustrations is the record of the 
chronometer pen and the upper line of .the cable pen. 

It would at first appear that there must be a considerable 
accidental error in reading the record of the cable. signals, 
but the differences of the chronometers determined from these 
signals indicate that they have been read with as great accu
racy as the record of signals over the land lines. It also 
appears that there might be personal equation between the 
observers in readin'g these signals, but there is. evidently no 
such equation between the observers in this work. This has 
been settled at the office, where the writer has reread many of 
the signals read by Mr. Morse without developing any personal 
equation. So far as the exchange of signals is concerned, the 
errors that affect the several differences of longitude deter
mined over the Pacific cables must be considered to be about 
the same as those found to affect the differences of longitude 

determined over the best of land lines whe.re no repeaters are in circuit. 
The signals were made by a negative current to cable and then a positive current 

as soon as possible, and in the next signal the positive current was sent first; and so on. 
The wave is above the o line for a positive current and below the o line for a negative 
current. The very first deviation of the signal from the o line is taken for tbe time of 
the signal received. In the signal sent the beginning of the first of the two breaks on 
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the lower line is the time of the signal sent, and the difference between this time and 
that of the corresponding part of the record on the upper line is the correction to be 
applied to the signals received. 

The signals were read with the diagonal scale here illustrated. The reading of 
the signals sent and recorded on the lower line needs 110 explanation. In reading the 
signals received on th!! upper line the scale was placed so that 2 seconds on lower 
line were included between the extreme lines of scale, the horizontal line of scale being 
parallel to the record line, and was then moved horizontally till the middle line of the 
scale was on the beginning of the signal, and the fraction of a second between this 

. middle line of scale and the adjacent second's mark to the left was read. The accuracy 

No.u: 

Scale for readiug cable signals. 

with which these signals were read has already been mentioned. No difference was 
found between the positive and negative records, and the two kinds of signals were sent . 
to insure a more perfect discharge of the cable and to guard against the possibility of 
any difference between them. 

The following information concerning the four cables between San Francisco and 
Manila was very kindly furnished by Mr. G. G. Ward, the vice-president and general 
manager of the Commercial Pacific Cable Company: 

I n;•m•k••' I Secliou copper 

----
I 111clt 

San Francisco-Honolulu o. 18o1 
Honolulu-Midway o. II 22 
Midway-Guam o. 1830 
Guam-Manila o. 1183 

I 
Length and resistance refer to sea cable only. 
All stations use Fuller cells. 

I,englh I I Electr~ Resistance 1uotive 
force 

·------

Nautical miles I Ol1ms Volts 
2 276.317 5 043 50 

·I 332. 04 , 6 530 30 
2 6o6.78 I 4 758 50 
I 631, 6 I 7 235 35 
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INSTRUMENTAL OUTFIT. 

Transit No. rS was used at Honolulu and .Ko. 19 was used at San Francisco by 
both observers in the work at these stations. During the rest of the work No. 18 was 
used by Mr. ::VIorse at Manila and Midway and No. 19 by Mr. Smith at Guam and 
Honolulu. These two instruments were made at the Office of the Survey in i887-88, 
and a detailed description of them can be found in Appendix' 9, Coast and Geodetic 
Survey Report for 1889. They are as nearly alike as it was practicable to make them. 
The focal length of the telescopes is 94 centimeters (37 inches); the aperture of the 
objective is 7.6 centimeters (3 inches). The diagonal eyepiece is of the Airy fonn and 
gives a magnifying power of 100 diameters. The diaphragms are ruled as follows: 

No. 12, 

.A ' 

7 ?" ,. " 

Diaphragm. 

Lines r to r r were used in all. the time observations. The short intervals are 
about 2.5 equatorial seconds and the long intervals 5 equatorial seconds. The divisions 
on the stride levels are 2 millimeters long and !lave a value of r".674 for No. 18 and of 
1".850 for No. 19. The correction for inequality of pivots is -o•.038 band west for No. 
18 and o".ooo for No. 19. Near one end of the axis is a bright band, and the position 
of the axis is designated by this band. 

Chronographs Nos. 784 and 785 were made by Fauth & Co., of Washington, D. C. 
The former was used in connection with transit No. 18 and the latter with transit No. 19. 

Each party was furnished with three chronometers, one for the cable office when 
necessary, one for an observing chronometer, and one for general use. Four of these 
chronometers were break-circuit, made by T. S. & J. D. Negus, of New York; one, a 
break-circuit, made by Frodsham, of London; and the other, not a break-circuit, was 
made by Parkinson & Frodsham, London. All kept sidereal time. They all had com
paratively small rates at the beginning of the work, but their rates gradually increased, 
though they were uniform at each station. At Honolulu the Frodsham chronometer 
had to be used for observing, as it was the only one available at the time. It is one of 
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the first break-circuit chronometers made for the Survey, about 1869. The break
circuit apparatus gave trouble, and it finally had to be replaced by one of the Negus 
chronometers. 

PERSONAL EQGATION. 

It was known in the beginning th~t the difficulty of eliminating the effect of person·a1 
equation in this work would be the greatest source of error. German observers had 
settled the fact that the registering micrometer attached to their transits practically 
eliminated personal equation, and the attachment of such micrometers to the instruments 
of the Coast and Geodetic Survey was considered. It was found that this would be 
impracticable in time for this work, and that the instruments on hand would have to be 
used. The observers could exchange stations between San Francisco and Honolulu, 
but only by such a sea voyage as might be expected to affect personal equation, and it 
was not probable such an exchange could take place between the other stations. It was 
therefore decided, in addition to the exchange of observers between San Francisco and 
Honolulu, that observations to determine personal equation should be made at the 
beginning and end of the work and at such other times as possible. It was also 
intended to so place the observers at the several stations that the personal equation 
would be eliminated between the extreme stations as well as possible. The observa
tions were made with each instrument by one observer noting the transit of a star o\·er 
the lines A, 1, 2, 3, 4, and the other observer over lines 8, 9, 10, II, B. Oi1 the next 
star the order of observers was reversed, and so on. About 20 stars were observed on 
each of ten nights. The results of all determinations of personal equation are given 
below. 

From the exchange of observers in the determination of the difference of longitude 
between San Francisco and Honolulu the result is: 

April 20-29 and June 2-I3, S. - M. = +o".062±0.008. 

The following are the results from the ten special nights' observations. The plus 
sign means that S. observes later than M.: 

San Francisco, March 28, 1903, 20starsS.-M.=-ro'.085±0.017 weight 0.7 
April I, Igo3, 20 +o .092±0.017 0.7 

Honolulu, May I I, 1903, 20 +o .109±0.010 r.o 
June 27, 1903, 20 +o .106±0.012 o.8 
April I8, 1904, 20 +o .o6o±O.OO<) I, I 
April 21, 1904, I7 +o .079±0.007 r.4 

San Francisco, May 6, 1904, 22 +o .075±0.013· o.8 
:May 7, 1904, 26 +o .045±0.0I2 I,O 
May 8, 1904, 22 +o .043±0.015 o.8 

" May 9, 1904, 26 +o .o87±0.0I5 o.8 

The weight for each night is the mean of weights derived from the number of stars 
and the probable errors. The weighted mean is: 

S.-M. =+o".077±0".005 

This result, with an assigned weight of 2.0 combined with that determined from 
the exchange of observers between San Francisco and Honolulu, with an assigned weight 
of 1.3, gives 

S. -M. = +o•.071 ±o".007 
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This personal equation is applied to the differences of longitude between Honolulu
Midway, Midway-Guam, and Guam-Manil~. The difference of longitude between San 
Francisco and Honolulu is corrected by the personal equation determined from the 
exchange of observers only. The range of these re~ults is no greater than should be 
expected from the computed. probable errors, and may therefore be due to errors of 

• observation rather than to variation of personal equation. The observers were so placed 
that personal equation is eliminated in the final longitude of Guam and enters only once 
in the final longitudes of Midway and Manila, so it does not seem that these longitudes 
can be seriously in error on account of personal equation. 

DETERMINATION OF THE INSTRUMENTAL CONSTANTS AND CHRONOMETER 
CORRECTIONS. 

The difference of longitqde between the stations was so great that the same stars 
could not be observed at both stations without depending upon the rate of the chro
nometers for a length of time that V\'Ould probably introduce an error greater than any 
that would arise from errors of the right ascensions. Each observer, therefore, selected 
his own lists of stars from the star list given in the Berl.iner Astronomisches Jahrbuch 
and supplemented from the American Ephemeris when necessary. A time determina
tion was made at each station before and again after the exchange 'of cable signals. 
As far as·the weather would permit, each determination depends upon a group of four 
stars near the zenith and one star about 60° north of the zenith, band east, and a similar 
group, band west. The level constant was determined four times for each group with 
the stride level. The.collimation and azimuth constants were determined from the time 
observations. The chronometer times of transit of the stars over the mean of the 11 

lines were corrected for aberration, level, and rate, and then each star gave au equation. 

L1 T= ( a-t )-Aa-Cc 

The mean of the four zenith star equations was taken, or, in case the far north star 
was lost, the mean of the equations for the north and for the south stars. For each set 
of time the four following equations were obtained, in which the' indicates the equa
tions of the north star or stars. 

East L1T=(a'-t')-_A'ae -C'c (1) 
LlT=(a-t)-Aae-Cc (2) 

West L1T=(a'-t')-A'aw-C'c (3) 
LlT=(a -t )-A aw-Cc (4) 

By subtracting 1-2, 2-4, and 3-4 the middle one of the three new equations con
tains both ae and aw. These equations may be directly solved, but when the coefficients 

. of ae and aw are small, which is generally the case, a very close approximation to the 
true value of c is at once obtained from the middle equation. With this value of c, the 
values of ae and aw are obtained from the other two equations, and if the values of L1 T 
obtained from the east and west groups do not agree a correction is found for c and new 
values for ae and aw. If in the equations three decimals are used the values of ..1 T 
obtained from the east and west groups will now agree within o".002. This method of 
reduction of time observations by Mayer's formula was used by the writer in 1872, and 
was adopted for the field reduction in the Coast and Geodetic Survey in 1878. Practically 
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nothing is gained by an elaborate least-square reduction, and this method was used in 
the final reductions of this work. (Seep. 285, Appendix 7, Coast and Geodetic Survey 
Report for 1898, for an example of this niethod.) 

A first computation of all the obsen'ations was made in the field by the observers, 
and a revision or recomputation, where necessary, was made at the Office by the writer, 
except in the case of the personal equation, which was recomputed in the Computing 
Division under direction of Assistant J. F. Hayford. 

On the following pages are given the results of the cable signals, and of the time 
determinations and the resulting difference of longitude for each night, the four pieces 
of work being given in chronological order. 

na~s 

SAN FRANCISCO AND HONOLULU. 

Results of cable signals. 

Chronometer tin1e 
Differe:::-1,-::e- !I.· Corrected dif-

1

! ~\~~~-
San 

Francisco Honolulu 
chronometers ~~~\~;,- c::.;,~~:;e~!rs of sig-

1 
nals , 

Trans
mission 

tin1e 
'1 Num-1 Date b~f ~r I 

__ 1_90_3--1--1-h-1.-11-z.-
1

--/i-. -,-11-. -
: i I :--- -----1--- .----1 

Ii. 111. s. . s. 
Apr. 20 I So88 J 14 o8. 7 II 5ci. 3 

14 08.8 II 50.3 

Apr. 22 I <)<'l \ 13 50. 5 

2 18 28. 442 1-o. 044 
. 774 +0.002 

2 18 17. 109 I 0.000 

. 490 f+o. 018 

Apr. 26 

Apr. 27 

Apr. 29 

I 
June 2 

1 

I 
June 

41 

June 6 

June II 

June 12 

June 13 

72 13 50. 7 

14 16. 8 
14 17.7 

13 53.4 
13 52.9 

14 01.8 
14 01. 8 

16 27.4 
16 27.4 

16 03.3 
16 02.6 

16 or. o 
16 01. 0 

r6 17.5 
16 17. 6 

16 02. I 

16 02.3 

r6 03.7 
16 03. 3 

I l 32. 2 
II 32. 4 

II 58. 9 
II 59· 8 

II 35· 6 
II 35· 2 

II 44. 2 
II 44. 2 

14 o8.8 
14 oS.8 

13 45.0 
13 44.3 

I 

2 17 53. 350 ·1-0. 042 
.671 ,+0.011 

2 17 47. 429 1-o. 008 \ 
. 778 [+o. 020 ! 

2 17 35. 419 ·1 o.ooo . 
. 8t3 ·-O. 019 

2 18 33.7741-0.012 
34. 132 -o. 003 

2 18 21. 2381-0. 038 
.594 -0.020 

13 42. 9 2 18 09. 2P2 -o. 036 
13 42. 8 I . 570 o. ooo 

14 oo. 0 ! 
14 oo. o I 
13 44.6 I 

13 44. 71 

2 17 38. 284 +o. 037 
. 697 -0.007 

2 17 32. 25s J+o. 017 
• 675 

1
-o. 024 

13 46. 3 I 2 
13 45.9 

17 26. 149 l-l-0.009 
. 5441 o. 000 

The mean of the transmission times is: 
o".189 ±o".009 

Ii. m. s. 
2 r8 28. 398 

. 776 

2 IS 17. 109 
.508 

2 17 53.308 
. 682 

2 17 47.421 
. 798 

2 17 35.419 
. 794 

2 18 33. 762 I 
3~· 1291 

21821.200· 
. 574 ! 

I 

w. 
E . 

w. 
E. 

w. 
E. 

W. 
E . 

w. 
E. 

W. 
E. 

W. 
E. 

2 18 09. 186 \V. 
. 570 E. 

2 18 38. 321 w. 
.690 I E. 

2 17 32.275 I \V. 
. 651 i E. 

2 17 26.158 \V. 
. 544 E . 

The probable error of the transmission time on one night is: 
±o".027 

s. 

o. 18.9 

o. 200 

o. 187 

0.188 

o. 188 

o. 184 

o. 187 

o. 192 

o. 184 

o. 188 

o. 193 
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San Francisco-Result of time observations. 

Transit No. 19. Chronometer; Negus No. 1769. 

Observer: Fremont Morse, April 20-29; Edwin Smith, June 2-13. 

Date ~~;~:,:::; . c;,;~~~ I ,~i'; ! ,;:;;;''f "~:,~' 
rection I one star ; n1ean , 

'a ; \1~s~~un1 _1~1tal con1 stan~--i· ""'~; 
1i" ' I ;; "' I ] Level I cou~~:a-1 Azimuth ' 

,, "'· 1--,:--r,:-\--s. I 
13 11.7· 9.529,±0.058 ±0.018\ ' 

~ µ) , I 

-190-3 _,_ - I s. . s. I s. 'i 

Apr. 20 5 ! W l+o. 074 l+o.o
33 

1

'--o. 974 

5 E +0.125: -1.455 \ 

s. 

'-0.0030 I 
9· 534 ':'::O. 045 :!::O. 014 I ' 

I I -·-----1--· 
15 01. 7 

---1-------· 
5 ' W 1---i·o. o69 J :--I. 372 j 

1-----'- 5 i_=Jo u3 -'o.M l-•430 I 
Apr. 22 S ! E +o. 241 +o. 038· 

I
: -0.007 

5 W +o. 203 -o. 070 
13 11.7j--10.6or :::::0.034 ±u.0111 

·+o. 0222 

I 
5 I E +o. 250 I .-o. 001 , 

1 -0.011 I 14 53.5 -10.563 !±0.048 ±0.015 

l-A-p-r.-2-6-,I~-: \I: ::: :~: l-o-.ooo--l.::::-::~1i_1_3 ___ ------- ---- -------- -----1----11 

I I. 6 - I I. 943 ±o. 032 ±o. Oil 

5 WE +o. 159 1·. 1+0. 2071 

I 5 +o. 142 

1

+o. 292 I \+o. 
0144 

f 

i o.ooo 15 23.2 -11.912 ±0.050 ±0.016 I. I 
5 E +o. 182 +o. 175 

1------- --1--------1----·1----·-I-----!---- , I 
11.6 -12.440 ±0.047 ±o.01s I I Apr. 27 5 E +0.146 

i -o.oo6 

I 
5 w +o. 120 

5 E +0.169 

I 
+0.017 

i 5 w +o. 113 
--

Apr. 29 I 4 W. +o. IIO 

I 
5 \ E 

-0.020 
+o. 143 

I 
5 'w +o. IOO, 

I 1-0.050 
5 E +0.144 
\_ I 

5 : w \+0.028 
' 

June 2 

! +0.010 
5 ,E 1+0.073 

5 I w +o.o6o 
I I +0.008 

4 i E 1+0.0981 

+o. 456 
13 

53. 51·-12. 366 
-j-0.400: 

~o. 0871 i 

+o. 0438

1

1 

±o. 042 ±o. 013 

+o. 220 I 
+o. 324 ! 

14 

I I 13 I I. 6 . -12. 990 l±o. 054 
-o. 194 I 

-o. 364 i I 
\ 15 OI. 6 -13. 013 ±o. 037 

±o. 018 

l-0.0126 

±o. 012 ! 
i 

.-o. 244 i - I I 
-o. 484 15- ~5· 4 l-1s. 929 _±_o_._0_2--7-1-±-0-.-009--I 

1-o. 58o I 
1-0.494 

l-0.589' 
I i 

16 45. 2 \-18. 977 ±o. 026 ±o. 009 I 
I i I 

-0.0288 

I 



j 

Date 

1903 
June 

APPENDIX ~O. 4. TELEGRAPHIC LONGITUDES. 

San Francisco-Result ef time observations-Continued. 

-------
1._ I I 
f o 

1 
Instnnnental constants ; I 1 

I d: I -
1

----1 Chronom- Chronom-1 Probahle Probable 
' ~ 3 ; I ' ! etcr tiuic 1· cter car- error for error of 

Hourly 
rate 

I
. ~ t.1. · 't:I Lc,•el I Col~itua- Azimuth i rection ' one star 1nean :: ' = hon · , . . 

~- '_~_"_; -- __ 1 ____ : _____ 1 ____ .. ______ • ___ • ___ J 

I 
' I I I ' I i 
' s. s. s. Ii. m. s. , s. ! s. s. .1 

4 5 E -:-O. 053 ---o. 417 ! 
i 1--0. 013 i 15 05. 4 , -18. 978 i'±o. 040 

1
·.·±0. 013 I 

5 ,

1 

w +o. 016 
1 

--o. 179 
1 

I -u. 
0234 

5 l' +o. 086 . ---u. 223 , 1 I 

1

-o 045 16 47 3 '-19.018 .±0.044 ±0.014 
' . " +0.043 . 1-0. ,,, . I ' 

,~~-T: :: 
1

:::: 1

1

'-0056 i=:::: .~=:---1-8-.-33-0-loC:o.041 _±_o __ -o-13_,_+_o ___ 

0

_

2

_

58

-

1 

I I -0.0531 i 16 47.3 '1-18.286 ,±0.061 ±0.019 I 
! _5 _:~ 1+0.0131 ____ -0.431 : ______ . _____ 

1 

_______ 

1 
____ _ 

June I 1 5 i \\' /-o. 025 : -o. 220 1 I · \ 
I 1-0. o63 15 05. 4 -16. 390 !.::'=o. 025 ±o. oo8 I 

5 E 1'_;_0. 019 ' -o. 154 ,I I 
I -0. 0168 I 

5 J W '-o. oo9 /-o. o16 -o. o~1 , I I 
16 47. 41'-16. 418 .:'_±o. 028 '±o __ · 009 

5 . E ITo.031 -o. 173 

June 12 1-5 1:-EI' o. ooo ,· o. oo4 -o. 5q ; 15 --1----1 

o5. 51'-15. 990 [Jl±o. o48 ±o. OI5 
I 5 "' :-o. 022 -o. 301 

I 
· I I +o. 0306 

51· E 

1

--Lo. 036

1 

-o. 327 : 

I 
-o 068 I 16 47 4 -15.938 ±0.024 ±o.ooS 

5 W +o. 008 ·, -o. 343 . 

l
-J-m-1e_1_

3
_:

1

.-

5 
lw'l·-o. 016 .-- -o. 4~ 1

1
.. --- - --- , ____ , 

-o. 044 15 05. 5 -15. 590 ±o. 017 ±o. oo6 

I ~ 1· :E~ 1:: : -o. 0'' 1=: ::: j '' 47 4 i _ '5 6" l±o 055 ±o 0'7 -~ 0''' I 
5 '+o. 039 -o. 483 . I 

i I I : I 



Date 

1903 
Apr. 20 

Apr. 22 

Apr. 26 

I 
Apr. 27 i 
Apr. 29 

June 2 

June 4 

June 6 

June lJ 

June 12 

June l 3 

COAST AND GEODETIC SURVEY REPORT, 1904. 

San Francisco-Comparison of chronometers. 

Chronometer Negus 1769 at observatory. 
Chronometer Negus 1823 at cable office. 

Chronometer time Difference of (~un1ber Chron Olne- I Chronometer Hourly rate, 
ch rouometers, of 

1769 1823 
187<}-1823 ' signals 

I_ 
I 

k. 11t. lz. m. m. s. 
13 50.7 I3 48.8 +1 5r.002 65 
14 16.5 14 I4-7 +1 51 .070 62 

13 47.3 13 45.3 +1 58.8o2 63 
13 57.6 13 55.6 +1 58.831 61 

14 05.5 i 14 03.3 +2 I4-549 62 
14 27.6 14 25.4 +2 14.620 65 

13 45.5 13 43.2 +2 18.784 61 
14 04. 6 I4 02.3 +2 18.833 57 

13 46. 2 i 13 43.8 +2 26. 73I 62 
14. 12. 71 14 10.2 -i-2 26.833 61 

16 19. 0 I 16 18.6 +o 23.8o2 47 
16 40.0 16 39.6 +o 23. 864, l 46 I 

I 
I 

15 54. 71 I5 54· l +o 32. 390 59 I 
16 13. l 16 12.5 +o 32. 434 ' 42 : 

15 53.0 I 15 52.4 +o 39.644 51 i 
16 12.6 16 l I. 9 +o 39.6g6 48 i 
I6 o8. 3 ' I6 07.3 +o 58. 890 I 50' 
16 27. 91 16 26.9 +o 58. 932 ' 47 \ 

15 55.4 15 54.4 +1 02. 612 I 56 ! 
16 IO. 9 I 16 09.9 +1 02. 644 i 43 i 

I 
2 I l l +r 06.401 I 

ter co 
tion, ~;6~- \ correction, 1623 1823 

I 

·---- ------ -----
-s 

- 9. 
·- 9. 

-IO. 

-IO. 

-II. 
-II. 

-12. 
-I2. 

-I2. 
-13. 

-18. 
-18. 

--18. 
-19. 

-18. 
-I8. 

-16. 
-16. 

-rs. 
-rs: 

-I . 

53°; 
S32 I 

588 
584 

I 

93° 
925 I 
415 ! 
402 i 
997 
003 

965 
975 

997 
001 

310 I 
301 I 

1~~ I 
g65 I 
957 

111. 

+r 
+1 

,1 
+r 

,2 
+2 

+2 
+2 

,-2 
+2 

+o 
+o 
+o 
+o 

+o 
+o 

+o 
+o 

+o 
+o 

+o 
+o 

s. s. 
4r. 472 
41. s38 I +o. 1s30 

48.214 
48. 247 i +o. 1944 

02.6I9 
l 

02. 69s 1 +o. 2064 

06.369 
o6. 431 I +o. 1950 

I3. 734 i 
I3.830 +o. 218~ 

04. 837 i 
04.889 +o. I488 

I3-393 
13.433 -i-o. 13o6 

21. 334 
21. 39S +o. 1878 

42 . .,i83 
42.519 +o. 1104 

46.647 
46.687 +o. 1S48 

50.Soo 
50.845 +o. 1464 

5 55 4 I 5 54 3 5 5 6or I 
16 13.81 16 12. 7 +1 o6.450 ! 57 ! -15. 6o5 

,__ ___ _.:. ____ ..:_ ___ _..:..~·-----'-----'------------------' 
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Honolulu-Results ef time observations. 

Transit No. 18. Chronometer, Frodsham No. 3462. 

Observet: Edwin Smith, April 20--29; Fremont Morse, June 2-13. 

\ 

... I I I I o Instrumental constants I 1 

b ~ Chronome· Chronom- Probable I Probable 
.r::. ,g *d I . I 1 ter time eter corrcc- error for error of 
a Ill = I e\'el . Col~1111a-1 Azin1uth tion I one star mean 
:;, ~ ' I 11011 • I 

_1_90_3 __ 1_ -s.-1
1

·-s-.--1-s-. -ii-,,-. -1-11.-1 s. I 

Date 

s. s. 

Hourly 
rate 

s. 
Apr. 20 5 , Vv -o. 013 1-- o. 703 I I 

: 1

1

-o. 290 110 53. 5 +15. 418 ±o. 024 ±o. oo8 
5 .1 E 1-0. 056 , .-o. 730 . 

1

. I 1-o. o624 
5 ·1 \\' ·1-0. 030 : -o. 661 I I I 

:-0.261 I I 12 32.1 ,-r-15.315 ±0.022 ±0.007 
5 I E ,-o. o68 I -o. 741 ' ! 

- Apr. 22 1-5 i E -o. 164 j--- =:o. 4~; 1-----!- ---- \ l----i 

I 5 ·I W -o. o74 J-o. 205 -o. 421 ! 10 53. 5 f +18. 487 ±o. 0281±0. 009 

5 E -o. 18o i -o. 547 II 

i I ;-o, 190 I 12 32. 2 +18. 379 ±o. 018 ±o. oo6 
I 5 

1 
W --o. I 22 i +o. 451 . -.----.----·---- 1-

Apr. 26 51 W --o. 097 : -o. 781 I 
J+o. 046 10 53. 7 +28. 006 ±o. 029 ±o. oc9 ! 

5 I \EV'. -o. 248 : -·o. 692 I , I l-o. o348 

s +o. 087 ,l+o. 
102 

-o. 745 
12 34. I +27. 948 ±o. 030 ±o. 009 _____ :_~i-=- -0.028 1-0.763 ____ ! ______ , ____ , ____ , _____ , 

Apr. 27 I 5 1· E -o. 026 I ,1-0. 302 I 
1 1+0. 068 10 53. 8 .+31. 538 ±o. 022 ±o. 007 
I 5 I W +o. 070 -o. 339 : ! 

I 5 I E -o. oo1 i+o. o951-o. 649 ! 12 32. 4 J+31. 416 ±o. o30 l±o. oo9 
. 5 I w +o. 032 , -o. 664 · ! 

Apr. 29 '1---;-·,1-w :;~. Ol~-1------1-0. 3;-! -------- --1---l---i 

1
+o. 100 110 53. 9 +37· 019 ±o. 012 l±o. 004 

I 
5 E -o. 038 ! --o. 38o . i 

.

1 

5 W 
1
+o. ooo '.+o. 

109 
-o. 328 1· i I 

I I 
12 32. 5 il+36. 906 ±o. 0181±0. oo6 

-----~ ~ -0.059' -0.3631---- --- 1----
June 2 5 \V :+o. 022 I +o. 462 I I 

I 
:+o. 136 12 55. 3 I~ 4. 074 ±o. 056 1±o. 018 

5 E -o. 026 : +o. 410 

1

, I 

I 
;-o. 7542 

5 w '1-0.024 i +0.435 . I I 
+o. 079 14 47. o 

1

1+ 2. 670 ±o. 026 ±o. 008 I , 
5 E j-o. loo 

1 

J+o. 544 
1 ~---------- ,,. ___ _;_ ___ !,__ _______ _:_ ___ :.__ __ _:_ ___ _, 

-o.o654 

·-0. 0744 

-0.0690 
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Honolulu-Results of time observations-Continued. 

] 0 Instrun1ental constants 1 

Date 1· i ~ · I .· Chr01~on1e- .ef:i.r~~~~~~=· ~~~~>:~~~ 1 1;~~~~~1/~ I: Hourly [ 
. E,, ~ "d '[ \ Colli ma- . \ ter tinie I tiou one star \ niean rate 
I Z £ Le,•et i lion 

1 

Aznnuth ' ~ . : ! j 

-J-~-:-3_4_i_5_1 __ B l-0.5~49 i s. l+o.54sr ;--;:-,,,-.-i s. ---s.- --s-_-I--~-- -1 
: [ +0.083 \ 12 54.2 

1

-19.054 l±o.o67 1±u.02r I 
i.I 5 · \V l+o. or7 ·i-·-o. 243 1 l . 

I +o. 1872 
5 E '-o.oSo +0.230 i 

1 +o. 097 1. I 14 26. 2 i--18. 767 '±o. 019 ±o. 006 i 

June 6 -+1::1=:.-:: I 1::::::-'----i------1 .------\----·-· 
\ I !+o. 122 · 12 54. 3 ·-13. 2021'±0. 042 '±o. 013 \ 1

1 
5 1 E ·-o. 1331 +0.375 : · 

I 
· · -1-o. 2628 

4 W -o. 112 +o. 233 i I : I · 
. l+o.094 14 26.3 -12.799 [±0.029 ·±o.oro I 

June II i-+i : I~::::: 1----i::: ::~- ;-···· -- I 1--- ---!----1 
1 \ 1·+0. 094 I 13 12. 7 1+15. 794 l±o. 020 ±o. 007 \' 

4 I w --o. 123 1--0. 002 i · . 
• \ 

1
:+o. 2172 

4 I W -o. 123 1+0.018 · · 

I 

I I J+o. 098 [ 13 57. 2 !+15. 955 1±o. 026 -±o. 010 I 

,-J'l~~:~i: 1=::~::: ,I:::;:: ·-----;---:------;--1---
1 

· ! 
1 

:+o 050 12 58 r :+ 19 84r 1±o 039 1±o. 012 I 
;; I W -o. 127 : +o. 824 I \ 

i +o. 2622 : 
5 ! E -o. 2351

1 

• +o. 879 ' I I 
1 -ro. 097 14 36. 8 +20. 272 1.±o. 025 ±o. 008 I j 

, _____ , __ 5_ 1 W -o.2ro 1 +0.73~--------'----- 1 _____ 
1 June 13 5 i W -o. 079 +o. 265 · [ [ I , 

I +0.110 I 13 03.0 l-l-26.2381±0.035 ±0.011 I I 
5 ; E -o. 208 +o. 268 .

1 

:I 

_;_o_ 3450 ! 
5 I w -o. 158 +0.273 I I 

+o. 078 14 59~ 9 J-26. 910 j±o. 030 ±o. oro 
5 : E -o. 222 1+0. 401 I i I I l 

The change of rate June 2 and 4 is due to repairs and adjustment by a chronometer 
maker at Honolulu. 
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APPENDIX NO. 4. TELEGRAPHIC LONGITUDES. 

Honolulu-Comparison ef c/1 ronometers. 

Chronometer Frodsham No. 3462 1 at Observatory. 
Chronometer Negus No. I836, in Cable Office. 

Chrouotnctcr tin1c 
Difference of ~un~.berl: Chronome-I Chronometer I Hourly rnte, 

1836 
I 3462 , 

__ 1_9<>_3--1~-1~-:· 1··-/i-. -,-ll-.-

3462-1836 nals hon, 3462 ' [ 
chronometers, of s1g- t~r correc-

1 

correction 1s36 : 

---! - _i ____ _ 

Apr. 20 I II 34. 3 II 36. I 
II 54. 4

1

' I I 56. I 

Apr. 22 I II 27. 2 II 29. o 
II 35,4 · II 37· 2 

Apr. 26 II 50. I II 52. 2 
I2 I2.0 I2 14.3 

Ill. 
-I 

-I 

s. 
44. 212 
44. 218 

-I 51. 929 
-I 51. 937 

-2 IO. 704 
-2 IO, 712 

Apr. 27 II 24. 9 II 27. 2 --2 16. 49I 
II 42, 2 II 44. 5 -::! 16. 508 

Apr. 29 

June 2 

June 4 

June 6 

II 33. 7 I II 36. 2 
II 50. 2 IT 52. 7 

I3 45. 5 I I3 
I4 I4. 2 I I4 

13 31.7 
13 51. 8 i 

13 
13 

48. 6 I 

17. 2 I 

34. 5 I 
54.6 

13 30. 6 
13 49. I 

I3 33.6 
13 52.0 

June I I 13 48. o I3 SI. 5 
I4 04, 9 I4 08. 5 

June I2 
I 

June I3 I 
I3 33.0 
13 48.9 

I3 33.4 
I3 S'. 5 

I3 36. 71' 
I3 52.6 

I3 37. 2 I 
I3 55.5 

-2 26. 548 
-2 26. 548 

-3 03.502 
-3 03. 186 

-2 45, I09 
-2 45. 2I4 

-2 55.004 
-2 55. 124 

-3 33. 755 
-3 33. 850 

-3 39. 727 
-3 39. 818 

-3 48. 077 
-3 48. 222 

• I I I 

s. 
43 I +rs. 37S 
38 . +1s. 354 

40 ·1 + 18. 450 
42 +18.441 

42 i -j-27. 973 
37 +27.96I 

Ill. 
-I 
-I 

-I 
-I 

-I 
-I 

s. 
28.8s7 
28.864 

33.479 
33· 4961 

42.731 
42.7sr 

41 +31. SOO -I 44. 991 
41 -j-31. 478 -I 4S· 030 

30 I +36. 973 
40 I +36. 9s5 

49: + 3.443 
49. + 3.082 

52 J -18.937 
SI 1-18.874 

so : -I3. 043 
49 I -12. 962 

38 +19. 993 
49 +20.063 

41 I +26.413 
39 ' +:?6. 517 

-I 
-1 

49-S75 
49. S93 I 
oo.os9 
00. 104 

-3 04. 046 
-3 04.o88 

-3 08.047 
-3 o8. 086 

-3 19. 734 
-3 19. 7SS 

-3 21. 664 
-3 21. 705 

The mean probable error for a single star is as follows: 

Transit No. 19 at San Francisco, Morse, ±o".045. 
Transit No. 19 at San Francisco, Smith, ±o".036. 
Transit No. 18 at Honolulu, Smith, ±o".023. 
Transit No. 18 at Honolulu, Morse, ±o".034. 

s. 

-o.o8Io 

-o. 1242 

-0.0546 

-o. 13so 

-o.o6s4 

-0.0942 

-0. I2S4 

-o. I2o6 

-o. I200 

-o. 0798 

The weights given to the following results for difference of longitude are the means 
of two weights. One is computed from the number of stars observed at both stations 
by the formula-

p 2 a.b 
=;z· a+b 

where n is 20 and a and b the number of stars observed at the eastern and western sta
tions on a night. The other is computed from the mean of the probable errors of the 
~hronometer corrections at both stations. 
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Results for difference of longitude . 

. ------,.----------------------------·-------------
Diff.,r-· I I 

Date Difference of 
chronometers 

Correction to chrono
meters 

San Fran~ i Honolulu 
\ cisco , 

Observed differ- Final difference 1· 

ence of longi- of longitude , {;,~':i I Weight [ 
lude . .I mean I [ 

1903 11. 111. 

1-----··1 ---- ------,---
s. s. ' s. 11. 111. s. 111. 111. 

-----:.-- !-s-.-l----1 
Apr. 20 2 

22 
26 
27 
29 

June ii 
11 I 12 
13 

18 

17 

18 

17 

28.587 1+101. 523 1- 88. 856 2 21 38.¢6 12 21 
17. 3o8 ;+108. 231 i- 93· 486 39· 025 I 

53.495 ,+122.6671-102.737 38.8991 
47. 610 ·1+126. 401 --105. 009 39· 020 
35. 6o6 +133. Boo 1-109. 584 38. 990 

Exchange of observers. 

38. 905 +o. 018 o. 8 
.964 -0.041 
. 838 .+o. 085 
. 959 

1

-o. 036 I 
. 929 -o. oo6 . 

l. 0 

o.8 
0.9 
I. 0 

33· 946 [+ 4. 859 :-18o. 091 I 38. 896 . 957 1-0. 034 I I. 0 
21.387 ,+ 13.412 'i-184.067 I 38.866 .927 -0.004 o.8 
09. 378 I+ 21. 361 -188. o66 38. 8o5 . 866 J+o. 057 

1 

o. 7 
38. 5o6 '+ 42. 502 1--197. 850 38. 858 . 919 1+0. 004 I. O 

32.463 1

1

+ 46.667 -199.745 38.875 .936 l'-0.013 0.9 

26. 351 _ + 50:_~~~[:~~84 \ ____ 3_8_. _85-8--'-----· 9_1_9'----o._00_4~i'--o-·_9_ 

Weighted mean first five nights 211. 2 Im 38". 983 
Weighted mean last six nights 2 2 I 38 . 862 
Difference o . 1 2 I 

Personal equation S.-M. +o. 061±0".008 

The above final results have been corrected for this personal equation . 

. Weighted mean of the eleven nights is 211. :nm 38". 923±0". 008 

The probable error of a rest,tlt for difference of longitude for one night, weight 
unity, is 

Date. 

1903 
Sept. 8 

Sept. 12 

Sept. 14 

Sept. 15 

Sept. 16 

I 

±o". 024 

GUAM ISLAND AND MANILA. 

Results of cable signals. 

NumJ 
Chronometer time r· 

Ca hie \Corrected differ-! ~~-1 T · ber I of 
sif San Fran-
na s I cisco 

I 

I 11. 111. 
40 22 15.8 

39122 15.8 

39 22 oS.9 
31 22 09.2 

40 22 15.4 
39 22 15.9 

40 22 08.6 
38 22 oS.6 

40 22 16.5 
36 22 16.9 

Honolulu 

/1. 111. 
20 40.8 
20 40.8 

I Difference of 
chronometers 

l 
pen cor- ence of chro- t~'}11 5[~~~~~ 
rection nometers sig-1 

nals 1------- ____ , _________ -- ----
I 

/1. 111. 

35 
s. s. 11. m. 

04. 369 .+o. 026 I 35 
s. 

04.395 
. 703 

s. 
W. 
E. ! o. 154 

20 
34. 31 20 34.6 

I 34 

. 704 
1
-0. 001 I 

38. 895 !-o. 013 II 34 
39· 250 1-0. 056 

25. 983 
1
i+o. 005 /1 34 

38. 882 : w. 
39. 194 ! E. o. 156 

I 
20 41. 0 l 34 
20 4l. 5 

20 34.3 l 34 
20 34.3 

20 42.3 I 34 
20 42.2 

I ---

25.988 
26. 265 : +o. 014 I ~6. 279 

19. 539 l+o. 005 : l 34 19. 544 
. 900 !-o. o:w i . 88o 

13. 092 ;+o. 012 (1 24 13. 104 
. 420 000 • 420 

w. 
E. 

w. 
E . 

w. 
B. 

o. 146 

o. 168 
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The mean of the transmission times is 

08
• I 56±0".0024 

The probable error of the transmission time on one night is 

:±o".0054 

Guam Island-Results of time obse1 vati'ons. 

Transit No. 19. Chronometer Negus No. 1823. 

Obser;er: Edwin Smith. 

I 0 ! i Instrumental constants 
· ] ~ ~ ! ------i Chronmne- Chronotne- Pr~r~~~le Probable Hourly 

rnte I Dntc § "' i: [ Le,·el !I Col,litna- l Azin1uth ter tin1e ter ti~~rec- fo:t~~te e~~~t~f 
I z &l I t1011 i 
!--- -1-·1 I i-- \, ___ -'--1--1 

1903 s. ' s. I s. lz. m. s. s. s. s. 

I
. Sept. 8 3 '" :-o. 011 I - 1. 142 

I -o. 032 20 S9· 91-21. o8o ±o. 016 ±o. 006 
s E 1+0. 018 • 1-t. 408 

! 4 . W j--o. 007 -1. 27s I 

I 
-o, 072 22 SS· l 1-20. 706 

! s E !-:-O. 019 -1. 09S 
±o. 042 ±o. 014 

+o. 19so 

-S-'e_p_t_._1_2_l_s_J. E j+o.036--·-- +0.687 -----;·--

, ; -o. 076 20 S7· o I- 3. s26 ±o. 041 ±o. 013 

-··-1---- -----1----1 

s E 1-:-o. 003 +o. o81 I 
+o. 18s4 

I s I w \-o.oss +o.sn I· 

[ I -o. 027 I 22 SS· 3 
1

- 3. 16o :-::o. 021 ±o. 007 

; ______ s _w_·-o. 049 +o. 389 , ____ 
1 

____ I ___ ---i----i 

Sept. 14 4 W ,-o. 01s I -o. 412 I I 
-0, 034 20 S7· I 'T S· 3781±0. 047 ±o. OIS 

4 E +o. os8 i -o. S3S 

I I -o. 078 22 SS· S 
1
+ S· 734 .

1

1±0. 014 f ±o. oos 
4 \V +o. 090 I 1-0, sS8 ' 

- s , E +o. 038 -o. 338 I I , ~ 

--1---·-I--· 1-1·--l-1 
Sept. rs s E +o. 008 -o. S92 I I I 

-o. os6 21 26. o : + 9. 9o8 .
1

;±o. 03s l±o. OJI 

Sept. 16 

s w -o. 029 -o. 462 : 

E +o.ooo 

w -0.042 

1---1 

--0. oso 
' ' 

-0, 684 I 

22 s6. 6 -f-10. :?OS l±o. 018 ±o. 006 
-o. 383 

s W +o. 003 -o. 20s 
-o. 07s 

s E +o. 019 -o. 3s2 

±0.021 
+o.01s 

-o. 340 I 
22 

-0.302 I 

-0.013 
SS· 6 i+14. 618 

i 

-o. 072 

10277--04--19 

+o. 18o4 j 

.. 
+o. 1968 
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Date. 

1903 
Sept. 8 

Sept. 12 

Sept. 14 

Sept. 15 

i 
I 

Sept. 16 

• 
! 

COAST AND GEODETIC SUR VEY REPORT, 1904, 

Manila-Results of time observations. 

Transit No. 18. Chronometer Negus No. 1828. 

Observer: Fremont Morse. 

'O I ! ! ... ,,, ' 

"'" 
l~jJ I 

Instrumental constants I 

j n I .cf~~o 
me-IChronome-1 P';:.~~~le I Probable 

me ter c.orrec- for one I error of Hourly 
rate 

Level 

I 

: 

I ' s 
5 E l-0.~14 

5 W l+o.040 
I 

5 E 1-o.oo8 

5 W .+o. 100 

-5 /w +0.063 

5 IE 
I I 

-o. 012 

5 ' w 1+0.062 
I 

5 E i-0.023 
I 

--1 
5 E 

1

-o. 023 

5 w +0.065 

E 1-o. 026 5 

~._w l+o. o63 

51 \V 1-f-O. 049 T 1-00~ 
5 w +0.079 

5 
1 E ·-0.034 

I 

5 EJ-0.027 

5 I w l+o.o62 

5 I E ,+0.008 

i+o.076 5 w 
! 

Co. tma- Azimuth I t1on 

I I I s. s. I It. 
-1. 424 

•-o. 16o J 19 I 

I I-I. 4661 
-r. 389 

'-o. 154 I , 21 I 

l tion I star ntean 

m. I s. 1 

8.4 I+ 
s. s. 

6. 442 i±o. 041° l±o. 013 
I 
I 

s. 

'1-0. 2898 1' 

I -r. 287 ! --··.---·-1 ·-·-
9. 8 !+ 5. 856 ±o. 038 i±o. 012 

1 

· 

____ I ____ - . ·-1--- _[ ___ _ 
I : I 1-1-I. 634 

-o. 163 ' 19 I 

!+1. 632 
i 1+i. 705 

-o. 164 I I 
21 I 

'+I. 8o2 I 

6. 3 1-20. 537 ±o. 025 !±o. 008 

i 
8. 3 -21. 075 ±o. 032 [±o. 010 

' I 

I -o. 872 i 

·-0. 16o ! 19 5 

I -o. 8oo 

: -0.830 
-o. r90 21 2 

-0.863 

I -0.932 

1:::-1 
' i I I ·-O. 2424 

3-· 2- ---3_3_. 9_4_8_ ±o~~:_ ±o._:~ I ___ _ 

4. o ·-33. 588 ±o. 044 

-0. 176 19 53 
-o. 839 

-0.818 
-o. 165 21 I 

. 6 -39. 712 ±o. 024 .±o. 008 

I 
:±o. 009 6. 8 -40. 030 ±o. 029 

-o. 870 

-0.663 
-0. 155 20 28 . 4 -46. 120 ±o. 043 ±o. 014 

-o. 882 
-o. 2424 

-o. 916 
-o. 163 22 13 

-o. 865 
. 6 -46. 545 l±O. 018 ±o. oo6 I 

, I 



I 

I 

Date 

1903 
Sept. 8 

Sept. 12 

Sept. 14 

Sept. 15 

Sept. 16 

i 

I 

APPENDIX NO. 4. TELEGRAPHIC LONGITUDES. 

Manila-Comparison of clzronomelers. 

Chronometer Negus No. 1828 at Observatory. 
Chronometer Negus No. 1836 at Cable Office. 

Chronometer time 
Difference of Numbe.I 

Chrono1neter correction 

I chronometers, of 

1_~82~- 1836 1828-1836 signals 1828 1836 

---- --[ 
lz. 11l. lz. 11l. s. s. s. 
20 35.9 20 36.0 - 5. 523 40 + 6.068 + o. 545 
20 46. 2 20 46.3 - 5.490 52 + 6. 018 -i- o. 528 

20 29.0 20 28.8 +13. 436 41 -20. 858 - 7. 422 
20 39. 7 20 39.4 +13. 470 33 -20. 905 - 7. 435 

20 36.3 20 35.9 +22. 312 40 -33. 759 -11.447 
20 46.8 20 46.4 +22. 340 40 -33. 8o1 -II. 461 

, I 
-39. 852 20 ,-,o. 2 20 29. 7 -;-26. 4181 40 -13. 434 

20 39.3 20 38.9 +26. 446 40 -39. 887 -13. 441 
I 

I 

I 

20 38.5 20. 38.0 -t-30. 6941 40 ·-46. 161 -15. 467 
20 47.3 20 46.8 +30• 726 I 41 -46. 1¢ -15. 470 I 

I I 
; 

The mean probable error for a single star is: 

Date 

1903 
Sept. 8 

12 
14 
15-
16 

Transit No. 19 at Guam, Smith, ±o".030. 
Transit No. 18 at Manila, Morse, ±o".031. 

Results/or deference of longitude. 

J I Correction to chronometers 
Observed differ- I ~ Difference of chro- -------· _____ 

! notneters 1 : ence of longitude 
Guam J Manila i 

-----·-

/1. m_. s. s. s. /1. 111. s. 
I 35 04.549 -20. 834 + o. 537 I 34 43. 178 

34 39.038 - 3. 303 - 7.429 . 164 
26. 134 + 5.614 -I I. 454 . 202 
19. il2 +10. 048 -13. 438 .198 
13.262 14.491 -15. 469 . 222 

; 

Difference 
frotit mean 

s. 
+0.015 
-t-O. 029 
-o. 009 
--0.005 
-0.029 

The weighted mean of the five nights is 1
11 34m 43•. 193±0".007 

Personal equation S.-M. + o .071±0 .007 
Manila Transit west of Guam Transit 111 34m 43".264±0".oro 

Hourly rate, 
1836 

s. 

-o. 0990 

-o. 0738 

-0.0798 

-0.0456 

-0.0204 

Weight 

! 0.9 
r. 0 
0.9 
I. 3 
I. 0 

The probable error of a result for difference of longitude for one night, weight unity, is 

±o".016 



Date 

COAST AND GEODETIC SURVEY REPORT, 1904· 

MIDWAY ISLAND AND GUAM ISLAND. 

Results ef cable signals. 

I 'O I Chronometer time 
I _8.; 

1~~1 MMw•> 

----- --- I 

!
Cable pen! Corrected differ- Direc- 1' Difference of 

chronometers correc- ence of chronom- tidn of 'I 

Guan1 tion . eters signals. 

I ! , ____ ------1---- ------
' I 

1903 ' , lz. m. Ii. m. jlz. m. s. i s. ./1. 111. 

Nov. 16--17 ! 36 2 51.6 o 20. o :2 31 35. 725 
1
-o. 015 12 31 

I 40 2 50.8

1 

o 20.2 1 J6. r46

1

-o.o66 

s. 
35. 710 
36.079 

i 
wJ 
E 

Nov. 17-18 i 40 I 2 54 7 o 22. 9 :2 31 46. 703 1+0. 002 2 31 46. 705 W 
i 40 2 54: 8 o 23. o ;I 47. 095 !-o. 025 47. 070 E 

i ' 
Nov. 18-19 : 41 J 2 58. 4 o 26. 5 12 31 57. 56o 

1

;_0. 096 :2 31 57. 464 
: 40 

1 
2 58. 6 o 26. 6 i s1. 876 -o. 029 I 57. 847 

Nov. 22-23 : 36 : 3 19. I o 46. 4 ;2 32 40. 558 ooo .2 32 40. 558 W 
' 45 3 I 9. I 0 46. 4 ' 40. 964 -o. 024 I 40. 940 E 

w 
E 

! i 
Nov. 23-24 : 39 3 20. 9 o 48. 1 ;2 32 51. 090 +o. 022 i2 32 51. 112 

· 40 3 20.9 o 48. 1: 51.490 -0.005./ 51.485 
w 
E 

Nov. 26--27 40 . 3 35. 3 1 02. o :2 33 22. 504 1+0. 002 12 33 
38 : 3 35. 4 I 02. 0 i 22. 865

1

+0. 004 i 
22, 500 II \V 
22. 869 E 

Dec. 1-2 

Dec. 3-4 

Dec. 4-5 

Dec. 5--Q 

36 i 3 48. o 13. 8 j2 34 14. 099 +o. 03812 34 
38 i 3 48. 3 14. o I i4. 563 ·-o. o74 / 

40 I 3 54. 7 I 20. I 35. 396 -o. 004 

14. 1371 w 
14. 489

1 

E 

35. 020' w 
35. 392 E 

39 i 3 54. 6 20. 1 12 35 JS· 018 +o. 002 ,:2 35 

i 
40 I 4 oo. 9 26. 1 :2 34 45. 645 +o. 012 2 34 45. 657 

1

· \V 
40 J 4 oo. 9 26. 1 I 46. 018 +o. oo6 46. 024 E 

Transmis
sion time 

s. 

o. 182 

o. 192 

o. 191 

o. 186 

o. 182 

o. 176 

o. 186 

40 1· · 3 50. 8 1 1 15. S j2 34 56. 124 1

1
+0. 045 2 34 56. 169 I W 

·------4o_i _3_s_o._8 L-~-- 56. 530 l_+_o_. -oo8-~ __ s_6_. s_3_8~i_E_~_o_. 184 

The mean of the transmission times is 
08

• 185±08
.00I I 

The probable error of the transmission time on one night is 
±o".0034 
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Midway Island-Results ef time observations. 

Transit No. IS. Chronometer !\egus No. I828. 

Observer: Fremont Morse. 
,- ----------·-------------------------------------

Instrun1ental constRnts I I I i 
Date 

Level 

----,-----,-----IC i I Probable Probable 1 

Col~inia· Azhnuth eter t1me ; correction I one star tnenn 

I 
hron?tll· ~ Chronoll!ete_r i error for error of H~1~~ y I 

hon I 
-----:--- -- ---·--·- 1-----1----11 ------· ----1----1----

I9o3 \I. S. S. S. /i. 11l. S. S. S. '1·.· S. 

Nov. 16 5 W +o. 09I '-o. 487 
+o. 007 J I 02. 3 -I I. 6Io ±o. 022 ±o. 007 I 

: 5 

I s 
5 

E +0.025 

E +0.050 

w '+0.075 

I 
J+o.002 

;-o. 490 
! 1-o. 2718 

I 
j-0.523 I 

1-0. 284 
------- I_: o,, 

i 3 46. 9 -12. 356 ±o. 027 ±o. 009 ! 

1 I ---·-------1------11---- -----1----
Nov. I7 :--o. 348 ! 

I · 2 01. 9 I -18. 765 ±o. 029 ±o. 009 
5 E '+o. 042 i·-o. 401 

I
' i-o. 2562 

5 W +o. I33 :-o. 341 I ! 

W J+o. 133 5 

, -o. 032 I 3 47. o - I9. 2I3 !±o. 038 ±o. 012 ! 
____ --~-J_1:. 1+o. 034 ___ I=-~~~ __________ 1 _______ 1 ____ 1 

!
1 

5 J E +o.o88 

1

1-o. _627 Nov.18 i 
2 02.0 -25. 487 '±o. 025 ±o. 008 

I 

-0.0IO 
5 W +o. 141 -o. 531 

5 E +o. 058 -o. 624 
. -o. 2598 

-o. 032 3 47• I -25. 942 ±o. 013 ±o. 004 
5 w +0.122 --o.6oo i 

Xov. 22 

---0. I49 

-o. I4I 

-- _. _____ --- -----1---- ·------ ·--1----l------·------1-----1-----1 
+o. 343 I -o. 136 ! I 

o6 6 8 I 6 I I+ -o. l 2 3 . 
1
- 52. 32 ±o. 047 .,'_o. OI7 

-0,052 I 

I
I ; 

i 

5 14. o 1- 53. 342 i±o.016 ±o. 005 
I ' 

-o. 2556 
5 I W 1+0.320 

5 E +o. 247 

Nov. 23_ 4 E --o. 055 ~=-;8o_s_ , __ 2_1_7_. _6_,, ____ 58_._9_8_7--1±0-. -02_1 ___ ±_o_. _00_7_ 

I 

-0. 724 
3 I6. I ,-

-~7~ I 

i 
59· 272 j±O. 028 ±0. 009 

: 4 E -0.037 -o.86o , 

_N_o_v_. -26-l~Jw +o.
09
:;--- =~;----i----------1--- ----l----i 

, -o. 028 2 39. 9 -I 18. 566 :±o. 020 ±o. oo6 
5 ' E ·+o.oo8 -r. 364 i 

-o. 2922 
W i'+o.041 

w +o.04I 
-0.037 

I 
5 ! W +o. o8o -1. 404 

I -0, 020 

Dec. l +I: I::::: 1----i=::::: 
! -0.025 

51 W +o. o85 -1. 485 

5 , E +o. 027 -1. 484 

4 I I. 6 --1 

-0, 2754 

JS 987 1±0, 021 ±0, 007 I 

---- --~~---1-----1-----1-----1 

3 02.0 -I 50.512 ±0.035 ±0.011 

-o. 2814 

I 1

-0.023 
5 w -o. 131 -;--I.467 

4 40.0 -I 50. 972 ±o. 029 ±o. 009 
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_Midway Island-Results of time observations-Continued. 

·- I ' I ; I o Jnstrumeutal constants I i i 
t e; _____ ; h ! I Probable Probable 

Date 

z ~ 

"'.S ·---

1

----, C ro~om- I Chronon!etcr I error for error of Hourly 
§ Ul -g Collima- . eter tune I correction ! one star i inean I rate 
~ Level tion Azimuth I I 

·-----··- -- ----1------- ---!----:------ . ·---·- ----

1 i i I 1903 
Dec. 3 5 

: ~:: :: -o. 0371::: :: 13 or. 9 -2 03. 5481±0. 032 !±o. oro I • 

-o. 012 +o. 483 i 
-o. 2520 

551 w I 1· 

I 
1
-o. 026 4 35. 4 -2 03. 940 ±o. 027 ±o. 009 , 

---- ~!-~ ~-o_. o8_7_ -j-o. 504 1 ____ 
11 

______ 

1 

___ ! _________ , 

E -o. 051 I +o. 503 Dec. 4 

Dec. 5 

Date 

1903 
Nov. 17 

Nov. 18 

Nov. 19 

5 

4 
,-o. 035 

W -o. 001 I -j-o. 466 I 
IO. 159 ±o. 036 -2 2 59. 5 ±0.011 

I: : I=::::: 1-0.0<3 =::::: 4 35 s I-, w sso ±o "" j±o =i 
--1--1

1
- __ .• __ .... _·1 I 

5 I' W -o. 007 -j-o. 387 

I

! -o. 01 I 3 03. 3 -2 16. 746 ±o. 030 ±o. 009 
5 E -o. 058 +o. 390 I 

4 

4 

'O 
]~ 
a~ 
::s 

w -0.013 +0.005 : 
-0.015 

E 1-o.o65 i I 
·1 4 35· 6 -2 17. o85 ±o. 030 ±o. 010 

-j-o.oo6: 
-----~---------

Guam Island-Results of time observations. 

Transit No. 19. Chronometer Negus No. 1823. 

Observer: Edwin Smith. 

I 
Instrun1ental constants 

Pro ha hie/ Chronome- Chronom-1 Probable 
eter cor- error for error of 

'O ter time rectiou , one star mean . = Level .. hon : 

-o. 2442 

-o. 2202 

Hourly 
rate Co~lima-1 Azimuth 

z I'll 
-- --

I 1--
h. 

, 

s. s. s. 111. ' s. s. s. 
3 w -:-o. 053 -0.003 I 

I I 
-o,o8o 23 28.7 :-29. 981 

2 E +0.093 -0.132 ! I i 
1

+o. 1464 I 
5 1: -j-o. 041 -o. 201 

25. 4 l-29. 696 l±o. o39 J,±:o. 014 -o. 130 I 

1---4 -o. o88 -o. 434 I ' 
I -- --- I 

5 E -o. 042 -o. 310 
l±o. 058 j±o. 021 

I. 
--o. 107 23 33.4 -25. 866 

4 w -o. 102 -o. 243 

E 
! l'o. 1350 

5 -o. 050 -0.321 
-o. 123 I r 25.5 1--25. 6141±0. 043 ±o. 01~ 

I 5 ·w -o. 107 -0.278 I 
-- -------

5 w +0.016 -o. 631 
-o. 110 23 31. 3 -21. 832 ±o. 028 ±o. 010 

5 E +o. 071 -0.681 

4 w +0.009 -o. 726 
+o. 1584 

-0, II6 I 25.5 -21. 530 ±0.018 ±o. 007 
4 E +0.041 -o. 678 

I 
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Guam Island-Results of time observations-Continued. 

Date ~ ~ - ----------- Chronome- c;~~~,~~-
El "' ~ Collima- ter time rection I

I 'O I Instrutneutal constnuts. 

::: <l I Level lion Azimuth 'I 

-----'.-z- _i!!_1----1---- -----1-----

N~f.'.3 23 5 E \+o.5~56 s. -o.
5
4491· lz. m. I 

s. 

-o. 130 23 31. 6 :-
5 w -o. 019 -0 331 ; 

l I 4 , E J+o. 053 -o. 
100 

1·-0: 551 I 
1 25

. 
8

1_ 

I 
i 41 w :+0,003 ,-0,626 I I 

5, 6II 

Nov. 24 .
1

-51--W-l+o.oo6 1·-0.0351---1---
i -o. 085 0 II. 8 i__ I. 752 

' 5 : E .+o. 046 :-o. 515 , 

I, 439 
I 1· i i I; !, 5 w 1+0. 005 -o. 427 

-o. 116 2 15. 2 1-
Nov. 27 ~-1 : i~::: =-:-: :-:-:-i----: 

5 ' 'V 1-o. o19 -o. 121 -o. 472 o 16.3 lj+rn. o6o 

Dec. 2 

Dec. 4 

5 E 1-o. 019 -o. 478 
I -0, 159 2 13, 7 ;+10. 409 

5 w -o. o65 --o. 517 I __ _ 
- ----·--------;-----, 

4 w +0.027 

4 E +o.o65 

5 W +0,0!9 

.4 E +0.036 

5 

5 

E +0.012 

w -0.050 

-o. 122 

-o. ll9 

-o. 119 

-0.841 I 

I 0 35· 5 +29. 792 
-o. 666 

-o. 6oo 
2 14. 8 +30. 064 

-0.0241·0 

+o. 18o: 

! 
35. 6 [+37· 684 

I 

4 I E o. 000 -o: 190 -o. 171 

5 ; w -o. 037 -o. 201 
-----1--,--

2 14. 81+37. 978 

Dec. 5 

Dec. 6 

5 ' '" -o. 003 -o. 418 
-o. 109 

5 E +o. 057 -o. 422 

5 'v -o. 012 -o. 402 
-O, IIO 

5 E +o. ou ____ , ___ _ 
3 I E +0.022 

41 'v -o. 022 

5 I E +0.025 
i 

-o. 102 

-o. 100 

1-0.417 

-o. 982 

-r.055 

-0. 748 

0 35. 7 +41. 625 

I 

2 14. 2 H-41. 875 

--1------
0 36. 9 -:..45. 634 

2 14.3 [+45.905 
-o. 550 ·-----'--5-'-'-'-v~_-_o_.0_2_5 ____ ~---------~I _____ _ 

I 

I JProbable Probable 
error for error of 
one star mean 

i s. 
1-.-
' s. 

J±o. 0551±0. 020 

I 

±o. 0191±0. 007 

·---------

±o. o63 ±o. 022 

:±o. 034 ±o. 013 

I I 
±o. 029 ±0.011 

;±o. 025 j±O. Q09 
, I 
[ __ ; 
I 
I 

±0.038 ±0.014 

±o. oog ±o. 003 

I 
i 

±0.042 ±o. 015 

l±o. 031 ±0.011 

' 

±0.040 ±0.014 

I 

±0.022 l±o.oo8 

I 
±o. o86 ±0.032 

±0.040 ±o. 014 

The mean probable error for a single star, weight unity, is: 
Transit No. 18 at Midway, Morse, ±o".028 
Transit No. 19 at Guam, Smith, · ±o".038 

295 

Hourly 
rate 

s. 

+o. 1368 

+o. 1524 

+o. 1788 

+o. 1644 

+o. 1776 

+o. 1524 

l 
I 

' 

+o. 1668 
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Results for difference of longitude. 

I ' I Correction to chronometers I 
Difference of chro-

1

i _____ .,.-____ I Observed differ- Difference [ . 
. nometers 1· [ cnce of longitude ! front ntean i \Vetght I 

Midway Guam ' ' ! 
Dote 

I i I 1------1-------j-----1 -------1 ,----, 
I 

1903 
Nov. 16-17 

17-18 
18-19 
22-23 
23-u 
26-27 

Dec. 1- 2 

3- 4 
4- 5 
s- 6 

h. m. 
2 31 35.894 

46.888 
s. I 

57. 656 ' 
32 40. 7491 

5r. 2g8 
33 22. 688 

1

: 

34 14. 313 
35. 2o6 ! 
45.840 : 
56. 354 I 

s. s. I h. 111. 
- 12. 104 -29. 855 2 31 
- 18. 991 -.25. 755 
- 25. 732 -21. 686 
- 52. 823 - 5. 701 
- 59. 295 - I. 66o 
- 78. 822 +10. 1g6 
- l IO. 728 +29. 897 
-123.769 +37.816 
-130. 409 I +4r. 753 
-1:;6. 921 . +45° 743 

s. 
53.645 

. 652 

. 610 
• 622 

. 663 

.670 

. 688 

. 621 

. 6781· 

.690 

s. 
+0.008 
+0.001 
+0.043 
+o. 026 
-0.010 
-0.017 
-o. 035 
...Lo.033 I 
-o. 025 ' 
-o. 037 ' 

o.8 
o.8 
I. 5 
o.8 
0.7 
I. 3 
I. I 

o.8 
I. 0 

o.6 

----·----· ·------·----. ---·-·-·-------------------------~ 

Weighted mean of the 10 nights, 2h 31m 53".653±0".007 
Personal equation M.-S. -o .071±0 .007 
Guam transit west of Midway transit, 2 31 53 .582±0 .010 

The probable error of a result for difference of longitude for one night, weight unity, is 

±o".022. 
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HOXOLULU AND MIDWAY ISLAND. 

Results ef cable signals. 

,-------,---,-------------,,.-------....,.-----,,---------,---.1----
0 (/) Chro11on1eter time 1 ~ ,,. ' 

t !;§, .-----,----- Difference of Cable Ii Corrected differ- .g ~ :' Transmis-Date .P pen cor · ence of chro- - ~ I 
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The mean of the transmission times is: 

0 8
• I 18±08 .0009 

The probable error of the transmission time on one night is: 

±o".0024 
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Honolulu-Results ef time observations. 
. ' 

Transit No. 19. Chonometer Negus No. 176g. 

Observer: Edwin Smith. 

i,~ ~I 
~:;; "" Date 

Instrumental constants 

!:: <;)I i:: Level 
!i I ~ 

l--1-\-1----1--1 

1903 
Feb. 22 

Feb. 25· 

6 

3 

5 

4 

w '-0.'~40 
E -0.036 

W -o.o64 

E -o. 019 

~£11'-0.095 
5 w -o. 127 

s. .<. 
+0.041 

+o.o6o ! 
-0.412 

-o. 002 
+o. 100 

+0.010 

7 31. 0 -o 

I 
4 E ' -o. I I 2 I 

I 
1-o. 025 

4 W -o. 172 I 

-o. 392 

+0.095 

Mar. 
- --1------1 

2 4 wl+o.028I 
o.ooo 

4 E +o.o67 I , I 

·--1 

7 54.8 /-o 
-o. 229 

51 W 
1

[+o. 025 
-0.040 

5 E :+0.047 

-o. 16g I 
. 8 43. 3 

-o. 309 i 
-0 

52. 549 ±o. 020 ±o. 007 

2. 048 .±o. 026 ±o. oog 

-j-o. 2016 

1----- --· --'-----·--1----1----;----·--·-- -----1----1---- ----

I 
Mar. 81 4 E [+0.025 -o. 170 

I 
-o.o6o i 7 25.9 +o 32.562 ±0.072 ±o. 025 

5 W 1-o. 0251 l-0.540 

32. 886 l±o. 052 
1-o. 895 

J+o. 24o6 
5 E +0.014

1 

±0.0171 -0.040 
l+o. 117 

8 46. 7 -j-o 
5 w -0.051 - l------1 -- -- ---- ----· 

I 
:\far. 9 5 w +0.053 +o. 320 

\±o. 043 ±0.017 -0.030 7 25.8 +o 38.496 

I 
4 E +o. 071 +o. 229 I . 

-j-o. 2772 
7 w -0.001 -0. 072 

/±o. Oil -o. 045 8 37.0 -0 38.825 ±0.030 
4 E +0.025 -o. 541 I -- I 

Mar. IO 5 E -0.044 -o. 378 
l±o. 009 -o. o64 7 26.6 +o 44.462 ±0.026 

4 w -0.-130 -o. 289 I 
E -0.096 -o.o63 i +o. 3012 

4 
1±0~007 -0.034 8 27.9 +o 44.770 ±o. 020 

4 w -0.1581 +o. oo8 

I 



APr·ENDIX NO. 4, TELEGRAPHIC LONGITUDES. 299 

Honolulu-Results of time observations-Continued. 

Io 1 
Instrumental constants J I i I [ 

Date Hourly 
rate 

· ~ ~ I I I Chron.ome- '.[ Chrono~eter [ ~~~~:r~; · P::'r~~~~e 

I 
S ~ 1 

] I Collin1n- . ter tune correction one star ntean 

-----~I~ Le,•el 1 lion Azimuth ---1 J ___ ----l-----I 

I 
1903 I s. 

1

. s. s. h. 111. 1 m. s. I s, s. s. 
Mar. 19 5 \V -o. o64 

1 
-o. 051 [ 

.-0.025 8 46.6 +1 37.3o8 l±o.019 ±o.oo6 

I 
6 E 1-0. 034 l -o. 620 I I I 
6 E :-o. 034 I -o. 586 I I I 

I -o 040 I 9 21. 5 + l 37. 467 
0

±0. 034 l±o. 011 , 
5 . w -o.o87 : · -o. 135 I 

1-M-a-r.-2-4_, __ 5_

1

,E/!+o. o61 ·

1

1 
o. 

000 

1=~;- -----i·---1---i----
8 45. 41+2 05. 702 ±o. 028 ±o. oro 

5 I W 1·-0. o25 I ,-1. oo5 I +o. 2574 

I 
Date 

i 
I 

1904 
Feb. 22 

Feb. 25 

I 
Mar, 2j 

I 

Mar. 8 

Mar. 

l: I Mar. 

Mar, 19 

Mar. 24 

1

-o. 040 , 9 29. 2 +2 05. 89o ±o. 042 [±o. 016 , 
5 E j+o. 006 . -1. 016 

4 I w -o. 051 ' 1-0. 781 I I i . I 

Honolulu-Comparison of clzronometers. 

Chronometer Negus No. 1769 at observatory. 
Chronometer Negus No. 1823 at cable office. 

Chronometer thne I Difference Chrouotneler correction 

i 
Numberj of chrono- of sig- . 

I 
tneters, nals 

I~ t769 1823 
I 

1769-1823 1823 

l 111. 
I 

/1. 111, lz. 111. s. I 111. s. 111. s. 
7 55.8 7 54.2 ;+1 39.855 43 i-o 52.470 +o 47.385 
8 25.7 8 24, I l+1 39.815 401-0 52.375 +o 47,440 

8 20.7 

I 
8 19. 4 1+1 32.896 44 -o 36. 196 +o 56.700 

8 31. I 8 29. 6 1+1 32.886 41 (0 36. 166 +o 56. 720 
' 

43 [-o 8 12.6 8 II. 3 1+1 18. 052 2. 151 +1 15. 901 
8 '22. 9 8 21. 6 1+1 18.025 43 ;-o 2. I 17 +1 '5· 9o8 

43 l+o 7 59,9 7 58.8 +1 01.970 32.698 +1 34.668 
8 09.8 8 08.7 +1 01. 943 4~ J+o 32.738 +1 34.681 

7 58.3 7 57.3 +o 59.320 37 1+0 38.646 +1 37.966 
8 19.2 8 18. 2 +o 59. 28o 39 .+o 38. 7431+1 38.023 

l+o 56.536 
I 

44. 641 +1 8 02, 2 8 01. 3 42 +o 41, 177 
8 12. 5 8 II. 6 l+o 56. 504 42 +o 44, 692 +1 41. 1¢ 

8 54.7 8 54, 2 +o 31. 830 42 +1 37.345 +2 09. 175 
9 04, 2 9 03.7 +o 31. 8o4 39 +1 37.388 +2 09. 192 

8 56.8 8 56.5 +o 18.924 45 +2 05.751 +2 24.675 
9 05.9 9 05.6 +o 18.914 38 '-2 o5.790 +2 24. 704 

I Hourly rate, 
t823 

s. 

+ o. 1ro4 

+ o. 1176 

+o. 04o8 

+0.0786 

+ o. 1638 
., 

-j-o. 1104 

+o. 1074 

+ o. 19r4 

I 
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Midway Island-Results of time observations. 

Transit No. 18. Chronometer Negus No. I828 on Feb. 22. Chronometer Negus No. 1836 after Feb. 22. 

Date 

1903 
Feb. 22 

Observer: Fremont Morse. 

Instrun1ental constants 

Level Collima-1 Azimuth tlon 

·1 I i i Chro- . Probable I l'roba ble 
Chron_ome- nometer 1· error for error of I Hourly 

ter time I correction one star'! mean : mte 

-1 I 1·-----· 
II. 111. . s. . I s. . s. 

-~n3 I 
5 57. 5 -45. 217 l±o. 027 ,±o. 009 

5 W -j-o. 057 -o. 236 \ 1 
• 

5 E -o. 022 1-0. 187 I I 

s. ·1 

E -0.020 
-o.o86 

5 

s. 

5 
W i+~.o63 [-o.o65 _ 0. 228 ~--:~~ ~45.8o2 ,±o.059 \±0.019 

1-----11-- -- 1----1----- - 1· ,-----1-----1 

i Feb. 25 5 W 1'+0. 133 !,

1
-o. 

100 
-o 488 I \ . 6 03. 2 + 6. 428 f ±o. 024• ±o. oo8 

5 E 1-0. 001 1 --o. 4o8 I 
I 

. -o. 0978 
5 W +o. 094 i -o. 351 

, ,-o. o65 7 48. 2 + 6. 257 ±o. 020 .±o. oo6 

I 5 E 1+0.030 I -0.369 I 
-M-a-r.-2-\1-;- -w-+o. 2161·--------... -0.01

9
1----- --- 1----i----

--o. I50 6 03. 8 - 6. 520 ±0. 034 l±O. 01 I 
5 E +o. o82 -j-o. 077 i 
S W +o. 082 +o. 078 

-o. 147 6 51. 6 1- 6. 565 ±o. 046 l±o. or4 
E t-o. 159 -o. o8o ) ) -- --- -- - __ .... ---1--------·-1-·--

5 E -o. 103 +o. 746 i' 
-o. 083 S 58. 1 

1

-18. 176 ±o. 043 ,±o. 014 
5 I W -o. o65 +o. 807 1' 1-0.0564 
s 1 E --o. 146 +o. 632 I 

Mar. 

5 

8 

I W 
-0. I IO 7 32. 81-J8. 265 ±o. 031 ±0. 010 

5 -o. 075 +o. 750 
1-----1---- ---- - - --- ----1 

Mar. 

Mar. 

9 5 E -o. 0;:3 -o. o85 
-o. Io8 

IO 

4 W +o. o86 -o. o6o 

5 E -o. 036 

5 w +0.077 

5 I W -j-o.o88 

S E +o. OII 

5 W +o.o68 

5 IE +0.004 
I I 

-0.120 

-o. I40 

-o. 134 

-:-o· 159 

-0.007 

-0.237 

-o. 251 

-o. 295 

-o. 241 

5 58. 3 -·20. 046 ±o. 023 ±o. 007 

7 30. 4 \' -::20. 158 

----1--------1-----1 

±o. 028 ±o. 007 

6 o6. 8 1--22. 2.26 ±o. 022 ±o. 007 

-o. 0720 

7 33· 7 -22. 330 ±o. 020 ±o. oo6 
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Midway Island-Results of Time observations-Continued. 

.... lnstn1ruental constants. 

I Probable i ~robable 0 .. ~ 
Level l Col.lima-I Azimuth 

Chro-
Chronome- nometer Date Ji!!! 

""' 
ter time correc- I error for error of 

e"' " ti on one star mean 
::s "' 

tton 
z ~ 

I I -- - ' 

I s. I s. 190.} s. I s. I s. h. 111. . s. 
Mar. 19 5 E -o. 109 1--0. 131' 

_-o. 132 6 43.9 -40. 6oo ±o. o,6 ,±o. ooll 
5 w -o. 01 I :-o. 210 

I /-o. 238 5 E -o. 092 
-o. 117 8 40.8 -40. 828 ±o. 037 1±0. 012 

5 w -o. OOI , -0. 183 , 
! 1-----· I 

Mar. 24 5lw +o. 021 ! -o. 333 
±o. 026 l±o. 008 

51 E 

:-o. 145 6 59.8 -50.o65 
-o. 0491 1-0. 285 I 

5' w -0.016 i . 1-0. 159 I 
-0.097 8 22. 7 1-50. 176 

0

±0. 025 j±o.oo8 
5 I E -o. IOI •-0. 290 I 

I I' 
--

The mean probable error for a single star is: 

Date 

1904 
Feb. 

Mar. 

22 
25 

2 
8 

Transit No. 19 at Honolulu, Smith, 
Transit No. 18 at Midway, Morse, 

±o".033 
±o .031 

Results for difference of longitude. 

Correction to chronometers 
Difference of chro- I I Observed difference 

nometers I of longitude 
Honolulu Midway 

I --

h. m. s. s. s. 11. m. s. 
I 16 30.270 • + 47.420 -45.539 I 18 - 03. 229 

17 12.748 + 56. 7o8 + 6. 325 . 131 
16 40. 779 + 75. 904 - 6. 572 . :155 

IO. 159 + 94. 675 --18. 222 .056 

Difference 
from mean 

s. 
-o. o8o 
+o. or8 
-o. 1o6 
+o.093 

9- 05.045 + 97. 978 -20. 104 . 127 +o. 022 

!~ I 
15 59.654 +101. 187 -22. 279 . 120 +0.029 

13. 268 +129. 1831 -40. 716 . 167 -o. 018 
24 14 48.338 +144.689 -50. 127 . 154 +0.005 

Weighted mean of the eight nights, Ih 18m 03".149±0".013 
Personal equation S. -M. 
Midway transit west of Honolulu transit, 1 

0 .071±0 .007 
18 03 .220±0 .015 

301 

Hourly 
rate 

s . 

-o. II70 

-o.o8oo 

Weight 

0.7 
I. 3 
0.7 
0.7 
I. 0 
I. 5 
I. I 
I.O 

The probable error of a result for difference of longitude for one night, weight unity, is 
±o".037. , 
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RESULTING LONGITUDES. 

b. m. s. s. 
San Francisco (Presidio) west of Greenwich *8 09 48. 813±0. 055 
Sau Francisco transit ( l 903) east of Presidio 0.004 
Honolulu transit west of San Francisco transit 2 21 38. 923±0. 008 
Midway transit west of Honolulu transit 18 03. 220±0. 015 
Guam transit west of Midway transit 2 31 53. 582±0. 010 
Manila transit west of Guam transit 34 43. 264±0. 010 
Manila Cathedral dome east of Manila transit 0.224 

From the above the following longitudes result: 
h. m. s. s. 

Honolulu transit west of Greenwich IO 31, 27. 732±0. 056 
Midway transit west of Greenwich I l 49 30.952±0.057 
Guam transit west of Greenwich 14 21 24. 534±0. 058 
Guam transit east of Greenwich 9 38 35.466±0.058 
Manila transit west of Greenwich 15 56 07. 798±0. 059 
Manila transit east of Greenwich 8 P3 52. 202±0. 059 
Manila Cathedral dome east of Greenwich 8 03 52. 426±0.059 

--··---·· ····-----

*For this longitude of San Francisco see" The Longitude Net of the United States and its Connec
tion with that of Europe, 1366--18¢,'' Appendix 2, C. & G. Survey Report for 1897, and also "The 
Trans-continental Triangulation," pp. 820 and 826, C. & G. Survey s'Pecial Publication No. 4, 1900. 
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PREVIOUS DETERMINATIONS OF LONGITUDE. 

Jl:fanila. 

In 1881-82 officers of the United States Navy determined a number of differences 
of longitude between Vladivostok and Madras, including Manila. The results can be 
found in a publication of the Hydrographic Office of the United States Navy, No. 65b, 
"Telegraphic Determination of Longitude in the East Indies, China, and Japan, 
1891--g2." 

The observers were Lieut. Commanders F. M. Green and C. H. Davis and Lieut. 
J. A. Norris. No personal equation was applied to the differences of longitude, and on 
page 18 of the publication it is stated: 

By means of the repeated use of the personal-equation machine of Professor Eastman at the Naval 
Observatory it was found that the habitual errors of the observers engaged in this measurement had 
all the same sign; that is, they habitually observed the transit of a star a few hundredths of a second 
after its occurrence, but their respective differences were so small that it seemed evident that to 
introdu.:e results so minute as corrections would not increase the trustworthiness of the result. 

In order to avoid as far as practicable the errors arising from difference of personal habit in 
~bserving, it was sought to place each observer, in making the long chain of measurements, alternately 
east and west of the other. 

In the results taken from the publication and given below it will be seen that the 
differeru:e of longitude, Vladivostok-Manila, remains uncorrected for the personal 
equation (N.-G.), and the difference of longitude, Manila-Madras, remains uncorrected 
for twiee the personal equation (N.-G.). 

For a determination of personal equation by Davis and Norris at a later date, see 
page 29, ''Telegraphic Determination of Longitude in Mexico and Central America 
and on the West Coast of .South America, 1883-84." 

By Eastman machine eight days N.-D. = +o•. 130 
By star transits eight nights · N.-D.=+o .284 

The personal equation between these two observers is eliminated in the results 
given below. The personal equation between Norris and Green was not determined. 
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--
I 

Number Observed difference Unknown per. I Probable error 

I 
of nights of longitude sonal equation 

----··--·-

/1. m. s. s. 
I Vladivostok-Nagasaki 2 0 08 01. 9<X' ±0.034 + N-D.I 2 Nagasaki-Shanghai 4 0 33 32.850 ±0.025 + D.-G. 
1-2 Vladivostok-Shanghai 0 41 34. 75 ±o. 042 + N.-G. I 
3 " " 2 0 41 34.82 ±0.034 + N.-G. 

Mean " " 0 41 34.785 ±o. 038 + N-G.I 4 Shanghai-Amoy 2 0 13 40.87 ±0.034 + D.-N. 
5 Amoy-Hongkong 4 0 15 36.42 ±0.022 + N.-G. 
4-5 Shanghai-Hongkong 0 29 17. 29 ±o. 042 + D.-G. 
6 " .. 2 0 29 17. 28 ±o. 034 + D.-G. 

Mean " " 0 29 17.285 ±0.038 + D.-G. 
7 Manila-Hongkong 3 0 27 13. 36 ±0.024 + D.-G. 
8 Hongkong-Cape St. James 4 0 28 21. 43 ±0.027 + N.-D. 
9 Cape St. James-8ingapore 4 0 12 52.42 I ±o. o34 + D.-G. 

! 10 Singapore-Madras 5 I 34 25.58 ±0.028 + N.-D. 
From the above the following 

are deduced: 
1 to 7 Vladivostok-Manila 0 43 38. 710 ±0.059 + (N.-G.) 

Reduction to Cathedral dome -o. 21 
Vladivostok-Manila Cathedral dome 0 43 38.500 ±o. o59 + fN.-G.~ 
7 to 10 Manila-Madras 2 42 52.790 ±0.057 I 

-j-2 N.-G. 
Reduction to cathedral dome +o. 21 I Manila Cathedral dome-Madras 2 42 53.000 ' ±o. o57 I -f-2(N.-G.) 

i I I 

In "Telegraphic Determinations of the Difference of Longitude," by Norman 
Pogson, Madras, 1884, and in the Astronomische Nachrichten, No. 2486, of 1883, are 
given accounts of a determination of the difference ot longitude between Singapore and 
Madras in 1871 by Doctor Oudemans and Mr. Pogson. No personal equation was 
determined, and Doc;tor Oudemans has himself accepted the result of the United States 
Navy observers. This detennination is therefore not used in this discussion. The 
above results must necessarily be used at present to connect Vladivostok and Madras 
with Manila. 

The longitude of Madras has been determined by five independent series of observa
tions, and a resume of all of them is given by Captain Burrard in Appendix No. 2, Vol. 
XVII, of the Great Trigonometrical Survey of India. They are as follows: 

/1. m. 
Series A 5 20 

B S 20 
c 5 20 
D 5 20 
E s 20 

s. 
59.750 
59.010 
59. 137 
59.223 
59.421 

s. 
±o. 155 1874-5 and 1881-2 
±0.163 1874 
±0.022 1876, 1881, 1892-4-5 
±0.127 1874-77 
±o. 123 1874-77 

Series A is by the way of Moscow and Vladivostok, and thence by the w'ork of 
the United States Navy officers. As this series is used for the direct detennination of 
the longitude of Manila, it will not here be considered in determining the longitude of 
M~u. , 

Series B is by way of Berlin, Teheran, Isfahan, Karachi, and Madras. The fol
lowing is taken from the appendix above mentioned: 

An account, written by General Addison,. of series B is to be found in Vol. XXXVIII of the 
Monthly Notices of the Royal Astronomical Society, and the resulting longitude of Madras is there 

10277-04--20 
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given as 5b 2om 59'.65 .. But in Die Venus-Durchgange 1874 and 1882, published at Berlin in 1896, 
Doctor Auwers discusses this series of longitudes and considerably modifies General Addison's 
results, decreasing the value of every arc. [Th~ result given above is that of Doctor Auwers.] 

A constant error of about ten seconds of time runs throughout the observations at Karachi. 
Mr. Pogson writes "an error of exactly ten seconds in General Addison's time determination is the 
only possible explanation," but Doctor 4uwers states the error to be "nearly eleven seconds." 
General Addison, the observer, attributes it to his neglect to obtain the pivot error of his transit 
instrument, and is of opinion, though the resulting longitude of Karachi may be wrong, that "the 
difference between Isfahan and Madras remains unaffected, the errors on the east and west sides of 
Karachi correcting each other." Mr. Pogson considers that "no conceivable pivot correction nor 
any other instrumental error could account for so large a difference,'' but, on the supposition that the 
observer mistook the time by ten seconds, he agrees with General Addison that the effect would be 
reversed east and west of. Karachi, and would therefore be eliminated in the final difference between 
Greenwich and Madras. 

In this series no determination of personal equation was made between Madras and 
Isfahan observers. 

Series D is by way of Berlin, Malta, Alexandria, Suez, Aden, Bombay, Bellary, 
and Madras. Captain Burrard states in regard to this series: 

This series is discussed by Doctor Copeland in Vol. III, Chapter XXIII, of the Dunecht Observa
tory Publications, and by Doctor Auwers in a paper on "The longitude of Aden,'' published in the 
Astronomische Nachrichten, No. 318o, dated August 15, 1893. Doctor Auwers's discussion is reprinted 
in Die Venus-Durchgange, 1874 and 1882. [The result given above is by Doctor Auwers.] 

In vol. 1 of the Annals of the Cape Observatory, Mr. David Gill, who was one of the observers of 
this series, writes: "In case of Lord Lindsay•s·expedition (i.e., of series D) the observers lay no claim 
to high refinement. They were made throughout in the open air with small portable instruments, 
which, in the case of Alexandria, were placed on the roof of a hotel, where the observer had to abstain 
from movement during each complete observation; otherwise the level was disturbed ·by the change of 
his position. At Aden and Alexandria the chronometers bad to be carried a long distance between 
the observing station and the telegraph office. The observers were without personal assistance, and 
the crucial observations for time had often to be made under conditions of extreme fatigue, amounting 
on one or two occasions nearly to exhaustion on the part of the observers engaged. In fact, the char
acter of the work was only such as it was possible to organize and execute en route, and the results 
fully realized the accuracy expected from them." 

Series Eis by way of Mokattam, Suez, Aden, Bombay, Bellary, and Madras. Of 
this series Captain Burrard says: 

In the Annals of the Cape Observatory Mr. Gill points out that this series E was not executed 
with such refinements or precautions as are necessary for the determination of fundamental longitudes, 
and Mr. Hunter, the Suez observer, in his report to Sir George Airy, states that the micrometer screw 
was "decidedly drunken " and that he had to apandon its use, and "to trust to observing the pole
star in both positions of the instrument over the fixed wires for collimation '' ( p. 322 of tl].e Account of 
Observations of the Transit of Venus, 1874, by Sir George Airy). The personal equation of the Green
wich and Mokattam observers varied from o".025 to o'.655 (p. 288, Transit of Venus, 1874). 

From the above statements it will be seen that the three series, B, D, and E, can 
scarcely be considered in deriving the fundamental longitude of Madras, though they 
served their puq)ose at the time they were made. 

Series C wa.S executed by the English with the greatest care, and at present must 
be considered the only reliable determination of the longitude of Madras. ' Nine differ
ences of longitude ente.r into it and will be giv~n in a table later. The observers were 
Captains Burrard and Lenox-Conyngham in 1892-4-5, and Captains Campbell and 
Heaviside in l876-188x. On the arc Potsdam-Greenwich the personal equation of the 
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observers was eliminated by an exchange of observers. On the other arcs there was no 
exchange of observers, but their personal equations were determined by special observa
tions, and the observers were so placed at the several stations that in the final longitude 
of Madras personal equation would be eliminated as well as possible. In the table 
the differences of longitude l to 6 are taken from VoL XVII, Great Trigonometrical 
Survey of India, and the full details of the work will be found in that volume. The 
differences of longitude 7, 8, and 9 are taken from Table IX, pages 440 and 441, Vol. 
XV, Great Trigonometrical Survey of India. These three differences are in the longi
tude net of India, and the values given are the adjusted values. The details of the 
difference Bolarum-Bombay will be found in 'vol. XV and of differences Bombay
Karachi and Madras-Bolarum in Vol. IX of Great Trigonometrical Survey of India. 

The arcs Berlin-Greenwich 1876 and Berlin-Potsdnm 1901 give the difference of 
longitude Potsdam-Greenwich o".236 in excess of the difference given in the table. In 
1903 the Geodetic Institute undertook a new determination of this ·arc and the full 
details of the work will be found in the publications of Des Konigl. Preuszisschen 
Geodatischen Institutes, Neue Folge No. 15, "Bestimmung der Langendifferenz Pots
dam-Greenwich im Jahre 1903." The work was conducted by Doctor Albrecht. In 
the observations the Repsold registering micrometer was used. On each evening three 
complete time sets were observed and four independent exchanges of signals. The star 
programme was so arranged as to eliminate to the greatest possible extent any uncer
tainty in the right ascensions of the stars. Midway in the determination a change of 
position of observers and instruments took place. This determination with a probable 
error of only ±o".003 will supersede all previous ones. It gives the difference of lon
gitude Potsdam-Greenwich o".098 :in excess of the difference given in the table for 
series C, and this amount will be added to the longitude of Madras from this series for 
a final result. 

2 

3 

4 
5 
6 

7 
8 
9 

-
Potsdam-Greenwich 
Teheran-Potsdam 
Teheran-Bushire, 

Jask-Bushire 
Karachi-Jask 
Karachi-Bush ire 

Karachi-Bushire adjusted 
Bombay-Karachi 
Bolarum-Bombay• 
Madras-Bolarum 

Madras-Greenwich 
Reduction to determination of 

Potsdam-Greenwich, 1903 
Madras-Greenwich, 1903 

I 

Sen.'es C. 

1 

Yenr of I 
observa- Nights 

, t!on 

i 

1895 IO 
1895 IO 
18<)6 8 

1894 6 
1895 8 
1894 5 

1881 6 
1892 6 
1876 6 

Difference of longi- Probable I Observers tude error 

Ii. m. s. s. 
0 52 15.953 ±o.oo6 ~B-C~ 2 33 24.228 ±0.007 ' C-H 
0 02 21.443 ±o.oo8 1· C-B 

0 27 45.057 ±0.010 ~C-B~ 0 36 59.697 ±o.oo6 B-C 
l 04 44, 812 ±o. OIO B-C 

I 04 44.790 ±o. OJI (B-Cl 0 23 12, 196 ±o.oo8 (H-Ca 
0 22 48.8o1 ±o.oo8 (C-B 
0 o6 54.615 ±o. 008 (Ca-H 

5 20. 59. 140 ±0.022 

+0.098 
5 20 59.238 ±0.022 
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The difference of longitude between Valdivostok and Moscow was determined in 
1874-'75 by Generals Schamhorst and Kuhlberg of the Russian army. It includes 12 
arcs. The difference of longitude Moscow-Pulkowa was determined 1872 by Kortozzi, 
Kuhlberg, Bonsdorf, and Switzki. These thirteen differences of longitude can be found 
in vols. 35 and 37 of Memoirs de la Section Topographique de l'Etat Major General 
de la Ru~ie, and the results given below have been taken therefrom. The difference 
of longitude Pulkowa-Greenwich given by Captain Burrard in his report is superseded 
by more recent determination 1901-1903 by the Germans in two arcs Pulkowa-Potsdam 
and Potsdam-Greenwich. The latter arc is the one used in deriving the longitude of 
Madras. The former was also determined by Doctor Albrecht with the same instru
ments and methods, and can be found in the publications of Des Konigl. Preuszischen 
Geodatischen Institutes, Neue Folge No. 7. "Bestimmung der Langendifferenz Pots
dam-Pulkowa im Jahre 1901 ". The following table gives all the results used to deter
mine the longitude of Vladivostok. 

h. Ill. s. s. 

l Potsdam-Greenwich 0 52 16. 051±0. 003 German observers 
2 Pulkowa-Potsdam l 09 02. 493±0. 003 Gemian .observers 

3 Moscow-Pulkowa 0 28 58. 450±0, OIO Russian observers 

4 Kazan-Moscow 0 46 l I. 970±0. 030 Russian observers 

5 Ekaterin burg-Kazan 0 45 59. 637±0. 043 Russian observers 
6 Omsk-Ekaterin burg 0 51 01. 51 I ±o. 043 Russian observers 

7 Tomsk-Omsk 0 46 18. 614±0. 043 Russian observers 
8 Kansk-Tomsk 0 43 or. 189±0. 043 Russian observers 

9 Irkutsk-Kansk 0 33 18. 090±0. 043 Rnssian observers 
IO Chita-Irkutsk 0 36 52.o67±0.043 Russian observers 
II Stritensk-Chita 0 16 45. 539±0. 043 Russian observers 
12 Albazin-Stritensk 0 25 31. 674±0. 043 Russian observers 
13 Blagovyeshchensk-Albanzin 0 13 45. 992±0. 043 Russian observers 
14 Khabarovka-Blagovyeshchensk 0 30 IO. g62 ±0. 043 Russian observers 
I",5 Khabarovka-Vladivostok 0 12 43. 042±0. 043 Russian observers 

Vladivostok-Greenwich 8 47 3r. 197±0. 146 Russian observers 

The longitude of Manila results as follows: 
h. m. s. s. 

Manila Cathedral dome-Madras, United States Navy 
Madras-Greenwich, English and Germans 

2 42 53. 000±0. 057+2(N.-G.) 
5 20 59.238±0.022 

Manila Cathedral dome-Greenwich 

Vladivostok-Manila Cathedral dome, United States Navy 
Vladivostok-Greenwich, Russians and Germans 
Manila Cathedral dome-Greenwich 

8 03 52. 238±0. o61+2(N.-G.) 

o 43 38. 500±0. 059+(N.-G.) 
8 47 31. 197±0. 146 
8 03 52.697±0.157-(N.-G.) 

In 1881-82 the United States Navy accepted the longitude oJ Madras to be: 

sh 2om 59•.42 (Series E.) 

which gave for the longitude of the Ca~hedral dome at Manila 

3h 03m 52".42 

and that' value has been used since that date. It differs only o• .006 from the deter
mination of the Coast and Geodetic Survey. 
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On account of the differences of longitude of Manila-Madras and Vladivostok
Manila not being freed from personal equation, proper weights can not be given the 
values for the longitude of Manila derived from them, to combine them with the Coast 
and Geodetic Survey determination. 

The strength of the determination of the difference of longitude between San 
Francisco and Manila may be judged from the result~ given in this appendix. The 
longitude of San Francisco depends upon the Longitude Net of the United States and 
its connection with that of Europe, which includes 72 differences of longitude between 
45 points. Four of these differences of longitude are trans-Atlantic, three by the 
Coast and Geodetic Survey, and one recent result, 1892 (not yet published), by the 
English and Canadians. 

Honolulu. 

In September, 1874, Capt. G. L. 'i'upman, Royal Marine Artillery, in charge of 
the British Transit of Venus Expedition of that year, arrived in Honolulu and estab
lished an observatory on Punchbowl street, near the shore. No pains were spared to 
ascertain the longitude, by lunar observations, and the latitude, by zenith distances of 
stars measured with an altazimuth, and the accuracy of the work has since been fully 
confirmed. 

The observations for longitude were continued through the months of October, 
November, December, and January. During this time were obtained 7 results from 
occultations of stars by the moon, 52 results from the observations of moon culmina
tions, and 60 results from the observations of zenith distances of the moon combined 
with the observed culminations and zenith distances of well-known stars. 

The result officially communicated to the Hawaiian Government Survey was 10 h. 
31 m. 27.2 s., and upon this all the L. M. Z. computations and maps since then have 
been based. 

In March, 1875, Captain Tupman made an attempt to connect Honolulu With Sa~ 
Francisco by transportation of chronometers. Accordingly twenty chronometers were 
carried by H. B. M. S. Reindeer, Commander C. V. Anson, from Honolulu to the 
United States navy-yard, Mare Island, and compared with the local time at both sta
tions. Unfortunately the Reindeer was blown out of her course by a northerly gale, 
which lengthened her voyage seven or eight days and lowered the temperature in the 
chronometer boxes as much as I5° F. Hence the resulting determination of the longi
tude of Honolulu, viz, Io h. 31 m. 33.2 s. ± 3.0 s. W., has ·very little value. 

Again, in August and September, I884, an attempt was made by the Hawaiian 
Government Survey, with the cooperation of Professor George Davidson and Mr. Fre
mont Morse in San Francisco, to determine the longitude of Honolulu by comparing 
the -chronometers on board the Oceanic Steamship Company steamer Mariposa with 
the local time at each end. This was done for two round trip~, giving a mean result 
of 10 h. 3I m. 25.8 s. 

In view of the above facts the Hawaiian Oovernment adopted IO h. 3I m. 26.0 s. 
as the most probable value, in rating chronometers arid furnishing standard time, until 
the recent telegraphic determination made by the Coast and Geodetic Survey. 
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As it was impossible to connect the Coast and Geodetic Survey observatory at the 
naval station directly with the transit of Venus station, which is now a lumber yard, 
the Territorial Survey connected it with the Harbor Light-house and three principal 
trigonometrical stations by triangulation, which gave for the new longitude of the 
transit of Venus station 

IOh 31m 27•.236 W. 

differing from Captain Tupman's value only o".036, a remarkably close agreement. 
The Harbor Light-house is 1

8
• 166 west of the Coast and Geodetic Survey station, 

which gives for its longitude 

Midway Island. 

In 1900 a survey was made of the island by officers of the United States Navy on 
board the Iroquois, under the command of Lieut. Commander C. F. Pond. The Hydro
graphic Office Chart No. 1951 is based upon this survey. The position given for the 
point marked Observation Spot is 

Lat. 28° 13' 15" N. 
Long. 177 21 30 W. 

l lh 49m 26" W. 

This Observation Spot is 192.4 feet west of the longitude station of the Coast and 
Geodetic Survey, which makes its longitude, based upon the work of the Coast and 
Geodetic Survey, 

Long. 177 22 46 .4 W. 
IIh 49m 31".091 W. 

Guam Island. 

In 1899 the officers of the U. S. S. Yosemite made a survey of the harbor of San 
Luis d' A para. A concrete pier was built on Fort Santa Cruz and its geographic posi
tion determined. Near the town of Soumaye a base was measured and a triangulation 
of the harbor was made. In 1901 the officers of the United States Navy extended the 
triangulation over the island. 

The following is taken from notes furnished by the Hydrographic Office of the 
United States Navy: 

"The geographical position of the observatory, as obtained by meridian-transit 
observations and the transportation of eight chronometers back and forth from Yokosuka, 
Japan, is 

*Lat. 13° 26' 22".28 North 
Long. 144 39 21 .45 East" 

gh 38m 37" •43 

The position of the North Base is given as 
Lat. 13° 26' 20".35 North 
Long. 144 38 40 .28 East 

9h 38m 34• .69 East 

*Zenith Telescope Method. 
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'l'he mark at North Base was found by the Coast and Geodetic Survey longitude 
party in 1903 and was connected with the longitude station by triangulation. 'l'he 
Coast and Geodetic Survey longitude station is 59.09 meters north and 276.27 meters 
west of the North Base. Hence the longitude of North Base derived from the Coast 
and Geodetic Survey longitude station is 

9h 38m 36" .07 East, 

giving a correction of 1".38 to the longitude of the pier in Fort Santa Cruz given above, 
or longitude of Observation Spot is 

9h 38ru 38".81 East. 
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PREFACE 

Part IV A, "Outlines of Tidal Theory," appeared as Appendix 7, Coast and 
Geodetic Survey Report for 1900. The aim of that appendix is to obtain through 
theoretical considerations, rational so far as they go, a first approximation to the times 
of the principal ocean tides. 

Part IV B aims at a system of CfJtidal lines which, while conforming to all reliable 
data, shall reasonably well meet the requirements of the theory alluded to, and so, for 
most regions, constitute an essentially true representation of the tides. 

The labor involved in the construction of these lines has been so great that many 
matters relating to the subject have, of necessity, either remained undeveloped or, if 
appearing in the accompanying text; have been but scantily treated. 
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MANUAL OF TIDES-PART IV B. COTIDAL LINES FOR THE 
WORLD. 

By ROLLIN A. HARRIS. 

CHAPTER I. 

ON THE COMBINATION OF LONG WAVES. 

1. The combination of long waves under several conditions has been briefly con
sidered in Chapters III and VIII, Part IV A, and some similar questions for ordinary 
waves have been treated in Chapter II, Part I, and Chapter IV, Part IV A. A few 
questions relating to this subject and which have important bearings upon the con
struction of cotidal lines will be considered in this chapter. 

2. The combination ef two progressive waves. 
Suppose the space origin to be situated at any convenient point and suppose one 

progressive wave to move toward +x and the other, at some angle to this direction. 
Suppose the time to be reckoned from Greenwich or any other given meridian. Let T' 
denote the time of high water of the first wave at x=o and T" that of the second wave 
at the origin. Then the vertical displacement may be written 

C=A' cos (at-lx-aT')+A" cos (at-(y-aT") 
=A' cos ( 8-lx- E' )+A" cos ( 8-ly- E" ) 

(1) 

where the axis of y is generally oblique to the axis of x. When the direction of the 
second system is the same as the first, or opposite to it, y should be·replaced by x or 
by -x. 

If A" =A' the lines of no tide are given by the equation 

If A";z:!A', then there must be some rise and fall at every point of the surface 
covered by either or both of these wave systems. 

From ~~=owe have for finding the time of the resultant high or low water 

A' sin (lx+E')+A" sin (ly+E") 
tan 8= A' cos (lx+E')+A" cos (ly+E") ( 2

) 

If y coincides with x, we then have from ~~=o, 
10277--04-21 321 
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A' sin (0-E')+A" sin (0-E") 
tan t:x- ------ - --- A' cos ( 0-E')+ A" cos ( 0-E")' (3) 

which determines the position of high or low water for this case at any given time. 
The time is referred to the time of high water of the first wave at x=o if E'=o, 

and to the time of high water of the second wave at y=o if E"=o. The amplitude of 
the tide at any point x, y is obtained by substituting for 0 in ( 1) its value from (2 ). 

3. The combination of a stationary and a progressive wave, both lying /n the same 
direction. 

Suppose the space origin to be situated at a loop of the stationary wave and 
suppose the progressive wave to move toward +x. Suppose the time to be reckoned 
from Greenwich or any other given meridian. Let T' denote the time of high water 
of the stationary wave at x=o and T" that of the progressive wave at x=o. Then 
the vertical displacement may he written 

t:=A' cos lx cos (at -aT') +A" cos (at-lx-aT") 
=A' cos Ix cos (0-E') +A" cos (0-lx-E") 

ar: 
From~ =owe have for finding the time of the resultant high or low water 

A' cos Ix sin E'+A" sin (lx+E") tan e- ---- -- ----------------- - -------- -
- A' cos Ix cos c' +A" cos (Ix+ E") 

and for the position of high or low water at any given time 

. ,, A' sin (0-e') 
tan lx=tan (8-E )+_A1;-co-sco-=£ii) · 

(5) 

(6) 

The time is referred to the _time of high \vater of the stationary wave at x=o if E' ==o, 
and of the progressive wave at x=o, if c"=o. The amplitude of the tide at any 
point xis obtained by substituting for {fin (4) its value from (5).* 

In case the progression is toward -x, replace l x by -! x. 
Since for natural bodies of water the end boundaries at the loops of a stationary 

wave are seldom such as to turn back the approaching particles simultaneously because 
of irregularities in the shore line, extensive shoaling, or more especially breaks in the 
~alls, it is evident that progressive waves must often accompany stationary ones. t 
Here no attempt will be made to determine what the relative positions and amplitudes 
of the two waves must be. In fact it must generally happen that the amplitude of the 
progressive wave diminishes as we go from the locality giving rise to it, to points from 
which it appears to come: (Cf. § 8). Although such combinations are quite common in 
the oceans, waves from other causes frequently so obscure them that it is seldom worth 
while to actually perform the computations necessary for making the combination. 

Some fairly good instances may be cited and which will be referred to in the 
description of the cotidal lines of the several localities: The northeastern cqrner of the 
Indian Ocean, the Red Sea, the Gulf of Suez, the Pacific Ocean west of the South 

*The angle l x can be found by aid of Table 15, in Part III. 
tCf. lemmas 14 and 21, ~ 70, Part IV A. • 
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Shetland Islands. See Figs. 6, 7, and 28, also Fig. 23 of Part IV A. Other instances 
are the Bay of Bengal, Adriatic Sea, English Channel, Irish Channel, Baffin Bay, Long 
Island Sound, Gulf of California, and Gulf of Georgia. In most of these cases the pro
gres"sive wave is rather small, it being due to the shoaling and irregularities of the body 
of water and not to an opening in an end boundary. ·But, as will be noted in Chapter III, 
the earth's rotation often sensibly modifies the tide in the vicinity of a nodal line, 
apparently increasing the range of the progressive wave on one side of the channel and 
diminishing it upon the other. 

The general tendency of the progressive wave is to obliterate the nodal line of the 
stationary one; the larger its amplitude, the less crowding up there generally is of the 
cotidal lines at the nodal line. 

This combination of waves applies .only to regions of water where the oscillatory 
motion is nearly rectilinear. Progressive waves in the ocean are generally direeted 
toward openings in the shore. line, espedally if the r.ise and fall of the tide be there 
considerable. Consequently it seldom happens that in rthe ocean the particles oscillate 
in the same direction in both stationary and progressive waves. 

4. Tile combination ef one statiomzry wave witlz anotlier lying transversely to it. 
Suppose the space origin to be situated at a loop of each wave. Suppose the time 

to be reckoned from Greenwich or any other given meridian. Let T' denote the time 
of high water, at x=o, of the stationary wave whose motioµ is parallel to x, and .T" 
the time of high water, aty=o, of the stationary wave whose motion is parallel toy. 
Then the vertical displacement may be written 

'=A' cos lx cos (at-aT')+A" cos ly cos (at--aT") (
7

) 
=A' cos Ix cos (0-e')+A" coi;; ly cos (0-e") 

From ~=owe have for finding the time of the resultant high or low water 

tan 0 
A' cos Ix sin .e'+A" cos ly sin E11 

A' cos Ix cos E' +A" cos ly cos e" (8) 

[If both stationary waves lie in the same direction, replacey by x in (7) and (8). 
The amplitude of the tide at any point x is then obtained by substituting for () in ( 7) 
its value from (8}.] . 

By assigning a value to 0 (i. e., to at), this equation gives a relation between x and 
y which is the equation of the cotidal line for the assumed time. 

From (8) we have 

dy tan () (A' sin Ix cos E')-A' sin Ix sin E' 
dx -tan e (A" sin ly cos e")+A'i sin ly sin E11 (9) 

which gives the direction of the cotidal line whose characteristic is () at any perm1ss1-
ble point x, y. This ratio appears indeterminate at x=o, y=o and of course at such 
points as x= µ7t, y= r7t, µ and r denoting integers. The. value is, however, ±1. 
For the lines x=o or x= µ7t, ddy becomes zero, and for y= r or y= Y7t it becomes infinite. x . 
Hence: 

· The cotidal lines are normal to the real or virtual boundaries of a square oscillating 
area excepting the two lines which coincide with the diagonals of the square. 



COAST AND GEODETIC SURVEY REPORT, 1904. 

Upon substituting in (9) the value (8) of tan fJ we have 

dJ' _tau lx sin ( E" -E') _tan lx 
dx - tan ly sin ( E" - t') tan ly (10) 

which gives the direction of the cotidal line through any point iu the area. This does 
not depend upon the amplitudes or the phases of the two waves. Hence if we have a 
drawing covering the square completely with cotidal lines based upon a simple assump
tion like A"=A' = 1 and £" -E' = ±go0

, E' or E"=o, the cotidal lines for any other assump
tions can be immediately traced therefrom as soon as we have identified or computed one 
point in each line. 

At the center of the square, where lx=90°, ly=90°, there is no rise and fall and so 

all cotidal lines must radiate from this point. The value of tat this point is 

A' tan fJ cos E' -sin E' 

A" -tan fJ cos t" +sin £" 
(II) 

'l'he fact that two stationary waves of different phases are combined together shows 
that high water must occur at the middle points of the sides of the square area at times 
given by the waves when considered separately. And it is readily seen that the times 
of high water change successively through all values of a period as we proceed around 
the square. The distribution of the radiating cotidal lines will, however, be quite 
uneven, as expression ( 10) shows. 

Cotidal lines, whose numbers progress through all hours (i. e., form a complete 
cycle of values) around a no-tide point, may be called amphidromic, or the locality 
concerned may be said to be amphidromic. 

It has already been noted that the center of gravity of the surface of a deep lake 
is a no-tide point, and that around this point the. cotidal lines are what is here called 
amphidromic. For a more· extended body of water the corrected equilibrium theory 
still gives a no-tide point, about which the cotidal lines are amphidromic. But the 
determination of the point and the radiating lines is more difficult than in the case of a 
small, deep body of water. See § 40, Part I; §§ 49, 50, Part II; and §§ 3, 4, 92, 
Part IV A. 

If a large island lie near the theoretical no-tide point of a body having equilibrium 
tides the cotidal lines will, because some wave motion is always present, probably 
radiate from its shores rather than from the exact theoretical point. E. g., the island 
of Crete, Fig. 19. 

Amphidromic cotidal lines depending upon still other causes will be noted in §§ 5, 
12, 13, 15, and in the description of cotidal maps. 

From expressions (3), (4) Part I, we see that the amplitude of the resultant oscil
lation ( 7) is 

./71.°12 cos 2tx+A 112 cos 2ty+2 A' A" coslx cos?i cos ( i'- e;;) 

and the angle (or negative phase) corresponding to Eis 

t , A' cos lx sin £'+A" cos ly sin £" an -
A' cos lx cos t' +A" cos ly cos E" 

(12) 

(13) 



APPENDIX NO. 5. COTIDAL LINES .FOR THE WORLD. 

The amplitude squared and equated to a constant R• is the equation of a live of equal 
range. Its direction is given by the equation 

A' sin lx A' cos lx+A" cos ly cos (E'-E") 
A" sin tY A" cos G+-A' cos ix cos ( E' - E") 

For x=o or x= µ7t, this ratio becomes zero, and for y=o or y= v7t, it becomes infinite. 
Hence: The lines of equal rise and fall are normal to the real or virtual boundaries of a 
square oscillating area. Cf.§ 26, Part IV B, where E'-E"=6o0

, and§ 26, Part IV A, 
where E'=E". 

5. Tlze combination of a progressive wave wit Ii a stationary wave lying transversely to it. 
Suppose the space origin is so taken that x=o at a loop of the stationary wave 

and suppose the progressive wave to move toward + y, a direction transverse to the 
motion in the stationary wave. Suppose the time to be reckoned from Greenwich or 
any other given meridian. Let T' denote the time of high water of the stationary wave 
at x=o, and T" that of the progressive wave aty=o. Then the vertical_ displacement 
may be written 

l';=A' cos lx cos (at-aT')+A" cos (at-ly-aT"), 
=A' cos lx cos ( 8-E')+A" cos ( 8-ly-E"). 

From ~~=owe have, for finding the time of the r~sultant high or low water. 

A' cos Ix.sin E'+A" sin (ly+E") tan fJ=----------~~-~ 
A' cos lx cos E'+A" cos (61+E") 

(15) 

(16) 

The time is referred to the time of high water of the stationary wave at x=o if E'=o; 
and of the progressive wave aty=o if E"=o. 

By assigning a value to 8 (i.e. to at), this equation gives a relation between x and 
y, which is the equation of the cotidal line for the assumed time. 

From (16) we have · 

dy -tan 0 (A' sin lx cos E')+A' sin Ix sin E' 
dx= tan 8 (A" sin ly+E")+A'' cos ((y+E") 

which gives the direction of the cotidal line whose characteristic is 8 at any permissible 
point x, y. 

. · . All cotidal lines intersect the line x=o or x= µ7t perpendicularly. 
At a point defined by the equations 

A' cos lx= ±A". 

E'=(J'+E"+ (2 v+1)7C 
or 2 v 

(18) 

(19) 

there is no rise and fall of tide because I'; then becomes zero. At this point tan 8 is 
indeterminate, and all cotidal lines radiate from it. Along the nodal line of the station
ary wave the tide is due to the progressive wave alone; therefore the cotidal lines divide 
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the nodal line into equal parts or segments whose lengths each represent the distance 
over which the progressive wave moves in one hour. Along the line 

A' cos lx=±A" 

the value of the cotidal hour at any point (y) is the arithmetical mean between the 
honr there given by the progressive wave and the hour of the stationary wave at .x=o; 
the times at the given point are always so taken as to not differ more than 6 hours 
from each other. 

Referring to the coordinates of the no-tide point, it will be seen that such a point 
can not exist unless the amplitude of the stationary wave at the loop exceeds the 
amplitude of the progressive wave. 



CHAPTER II. 

ADDITIONAL LEMMAS. 

6. In Chapter VII, Part IV A, a number of lemmas are given which seemed to be 
of chief importance in attempting a partial explanation of the tides. It is convenient 
to here lay down other lemmas more or less related to those there given, assigning to 
them numbers which shall form a continuation of those already used. 

(26) Two areas which have a considerable stretch of latent or imaginary boundary 
in common will generally oscillate together and form parts of one and the same system. 
(See § 29, Part IV A.) 

Many of the areas forming parts of the systems shown in Fig. 23, Part IV A, will 
serve as illustrations. 

If, however, the dimensions and locations of the areas are such that the virtual 
work of the tidal forces upon the system is always small, no considerable tides will 
result even if the free periods of the areas agree well with the period of the forces; 
e. g., a short and shallow canal one wave length long (two half-wave lengths placed 
end-to-end). 

(27) If two hypothetical systems, each capable of independent oscillation in a 
period of 12 hours, overlap, the two motions will generally coexist with little interfer
ence; but if their individual periods differ from 12 hours more than does the period of 
the two when combined together, synchronization will generally take place. 

This lack of interference is evident in the case of two systems in a square area 
whose edges are 76 A. in length. (§ 26, Part IV A.) 

Consider next an L-shaped figure whose extreme length in either direction is ~ A.. 
Now if the.Lis slender, it is probable that' the two oscillations will synchronize 

because the free period of both branches of the L differs but little from the free period 
of either branch. To see this, imagine it to be high water at the angle of the L on 
account of an oscillation in one branch, and suppose little or no oscillation exists in the 
.other branch. This implies a slope, and so accel~ration, along the direction of the 
second branch (eq. (92), Part IV A); that is, when it is high water in the angle of the 
L the surface slopes away from the angle in both directions. After several periods the 
whole body will oscillate as one system. Of course a better oscillation would be 
obtained by taking the extreme dimensions of the L-shaped figure a little greater ·than 
~ A. so that the virtual lengths of the two trapezoidal areas would each be ~ A in 
length. (Cf. § 43, Part IV A.) 

If the L is no longer slender but broad, then although the oscillation in one branch 
produces a simultaneous slope, and so acceleration, in the other branch, yet if we draw 
such lines of motion as a synchronization of the two systems into one would imply, it 

·becomes evident thatthe periods of the res~lting trapezoidal areas will be sensibly less 

327 
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than the period of the forces. Since the surface slope belonging to the oscillation in 
one branch produces a simultaneous slope in the other branch, the resulting stationary 
oscillation in the second branch, if there be any, must synchronize with that in the first 
branch. But, by hypothesis, the dimensions are such that one system can not be formed 
out of these two branches. The transverse acceleration due to the first branch may 
affect an existing and sustained oscillation in the second branch, especially if the width 
of the first branch approaches the value Ji i\.. 

Synchronization may therefore generally be expected in a slender L-shaped figure 
provided either its external dimensions or virtual lengths equal Yz A., but in a broad 
L-shaped region only when its external dimensions exceed Yz i\. by such an amount that 
the virtual length of either arm equals Yz A.. 

Other cases of overlapping systems can be studied in a somewhat similar manner. 
Examples of overlapping areas are shown in Fig. 23, Part IV A. It is probable 

that the North Indian system does slightly accelerate the half-wave area extending from 
Mozambique Channel to Baluchistan and India, also that the South Atlantic system 
accelerates the North Atlantic system. In each of these two cases the effect of the 
smaller system upon the larger may be safely neglected. The two Pacific systems must 
be practically independent of each other, and the same is true of the South Atlantic and 
South Indian systems. 

7. (28) High water occurs remarkably late along the inner side of capes which 
guard the entrance to a bay or broad passage. 

Several cases in which an inner body of water derives its tides through a strait 
from an outer body have been briefly considered in§§ 102-113, Part IV A. In most 
of these cases it can be readily seen that in the strait and in its immediate vicinity the time 
of tide must change rapidly, and so the time of high water on the inner side of capes 
partially inclosing the bay or broad passage must occur remarkably late. 

It is here proposed to caU attention to the lateness of the tide at the inner side of 
the capes in comparison with the time of tide in the near-by channel or axis, the bay 
being broad enough or so situated with reference to the incoming water that transverse 
propagation is possible near the capes. 

In the first place it may be noted that if the distance between the capes is so great 
that a wave can be transmitted at approximately the rate due to depth, the crest of the 
wave will be convex inward and retarded at the capes on account of the lesser depths at 
and off the capes than in mid-char..nel. In this connection see§ 36, Part IV A. 

But even if the depth were as great at the capes as in mid-channel, the tide would 
still be retarded. At the time of high water between the capes, the neighboring inner 
waters are at a less elevation. Now, whatever these inward accelerations and resulting 
velocities may be, the phase of the horizontal velocity in the direction taken by the 
incoming flood must be in advance of the phase of the horizontal velocity in the trans
verse direction. For, the longitudinal velocity is generally near its maximum value at 
the time of high water between the capes, because of the assumed motion transmitted from 
without, whereas the transverse velocity depending upon the transverse slope pr acceler
ation can hardly have begun-provided the bay is large enough to rermit of transverse 
progressive wave motion. As a matter of fact the incoming flood streams are not all 
directed parallel to the axis of the bay, but spread out considerably toward either shore 
of the bay. But high water along the inner side of the cape can not occur until the 
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flood current along this shore reaches its maximum velocity. Hence we may expect 
delays of various amounts according to the sharpness of the capes and trend of the 
shores. 

Examples: Cape Chidley, Labrador, Fig. 12; Cape Charles, Virginia, Fig. 14; 
northern part of New Zealand, Fig. 40. 

In most bays, even if wide and shallow, there is no great opportunity for transverse 
progressions because the shores generally are such that transverse stationary waves 
would be formed. In such case no considerable delay will occur. 

The most conspicuous delays, however, are due to incomplete wave eddies, § 14. 
Examples are Shantung Promontory and each end of Formosa Island. 

8. (29) If a progressive wave is developed at an opening in a rigid boundary of an 
oscillating area or over a submerged boundary, an antecedent 'lllave is necessitated; that 
is, there must exist a progressive wave moving toward the opening or shoal. 

For, the periodic, horizontal, and vertical displacements of water in the opening or 
over the shoal will entrain displacements far out at sea, whose phases must agree with 
those in the opening or over the shoal as this part of the coast is approached; e. g., 
the waters south of the Sunda Islands, and west of Cape Horn. 

(30) A stationary wave in a strait involves no antecedent wave. 
Three cases of stationary wave motion may be noticed. See§§ 35, 102, 103, Part 

IV A. 
Case I.-Wlure one ef the bodies connected by the strait has no tiae. 
At tbe end of the strait joining the tided body, high water occurs at the time of 

elongation of the particles in the strait toward that body. Hence no progressive ante
cedent wave can partake of this motion; e. g., no progressive wave approaches the 
strait of Gibraltar from the west. 

Case 2.-Where the two connected bodies have tides ef opposite pl1ase. 
At the time of high water in either body the particles in the strait will be at elonga

tion toward that body. For example, no considerable progressive wave approaches the 
strait between the Faroe Islands and Iceland from the south; the same is true for 
North Channel. 

Case 3.-Wlzere tlze two connected bodies have tides ef like phases. 
·At the time of high water in either body, as well as throughout the strait; the 

particles in the strait will be at their elongations toward the middle of the strait, or, 
rather away from the tided bodies. Many narrow channels between islands are 
examples of this. 

9. (31) If the lines of motion of the water particles off a given part of the shore 
can be seen to be normal to and directed toward this part of the shore while the lines 
of motion off a neighboring stretch of shore are parallel with or oblique to the shore 
line, then, other things being equal, high water will occur earlier in the first-mentioned 
locality than in the second. 

From the first locality a stationary wave will extend seaward, and this, combined 
with whatever local progression there may be, causes the tide to occur remarkably early 
as judged from its time of occurrence at neighboring places where the motion of the 
off-lying particles is oblique or parallel to the shore line. (Cf. lemmas 12, 15, and 16.) 
Severru cases may be noticed. 
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Case I.-Stationary wave connected with an oscillating area. 
·Instances of stationary waves along the shore line are very numerous. In fact, they 

almost always exist to a greater or less degree immediately at the shore line. They, 
however, become conspicuous in localities where they cause the tide to occur not only 
earlier than would otherwise have been expected, but nearly simultaneously over a 
considerable stretch of ·coast because the offshore deep-water tide is very nearly simul
taneous over an extended region. (Cf. lemma 15 and§§ '99, 112, Part IV A.) 

Examples: The northwestern coast of Australia, the outer coast of Scotland north 
of Ireland, the Atlantic coast of the United States from Rhode Island to Florida, and 
the eastern coast of Nova Scotia. For many miles out from any of these shores the 
water is less than 100 fathoms deep, and yet no great amount of progression occurs. 

Case 2. - Tide wave progressing toward a large island or a corner ef a continent. 
As the wave approaches the land the tidal streams will no longer be normal to the 

direction of its crest at an earlier epoch; but will be deflected as soon as the shore line 
is felt. In one limited locality, however, the .streams may have the direction normal to 
the crest. This point is therefore characterized by earlier tides. Examples: On the 
eastern coast of Madagascar, southwestern coast of Sumatra, southeastern coast of 
Kiusiu, and eastern coast of Formosa, Figs. 7, 36. 

Lemma 22 should now be dispensed with. 
Case 3. -On and just off the open coast not far from the mouth ef an e,stuary or bay 

up which the tide progresses. 
Consider first a point on the coast some distance from the tidal inlet: High water will 

occur early on account of the stationary character of the wave, the flood setting shore
ward and slack water occurring soon after the time of high water. 

As the inlet is approached, the flood just offshore is not directed normally to the 
shore line of the inlet, but gradually approaches parallelism therewith; hence, the incom
ing particles are not reflected back from the shore line and do not produce any consid
erable stationary wave, and so the hastening of the time of tide from this cause does not 
occur to the extent that it ocourred at a point of the coast farther away from the inlet. 

This explains why the cotidal lines may be somewhat convex outward otf the 
mouths of tidal rivers, estuaries, etc. In some instances shoals and channels among 
islands may resemble a tidal estuary or bay in ddaying the time of tide at a near-by 
point of the shore line, the essential thing being a transmitting medium. Examples: 
The mouth of the Gulf of Cambay, the mouth of Delaware Bay, of Rio·de la Plata, off 
the Golden Gate, off the Loo Choo Islands, and off Spencer Gulf. 

Case 4.-At the capes or mouth ef an estuary or bay up which body the tide progresses. 
Tlie set ef tlie currents in the main or outside tz'dal wave is supposed to be parallel to the 

general shore line. 
Suppose that two capes or bends in the shore line mark the mouth of the tidal 

estuary or bay. By placing flood arrows just off these capes, the one following the 
general direction of the outer coast and the other that of the bank of the estuary, the 
resultant arrow will show that the flo~d stream must be directed toward the cape on 
the far side of the estuary and away from the cape on the near side. High water will 
occur unexpectedly early on the far cape or unexpectedly late on the near one. 

The maps of cotidal lines for_ the North Sea show several instances where the 
cotidal lines are suddenly broken or recurved at or off the far capes or forelands. The 
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coast south of the Gulf of Cambay, India, and in the neighborhood of Point Arena, 
California; the eastern coast of Kiusiu, Japan, and of Basilan, Philippine Islands, are· 
other examples,. 

Case 5.-A broad reflective bay the direction of whose axis is transverse to the direc~ 
tion of the currents in the main body. 

In a broad reflective }?ay leading off abruptly from the general shore line parallel 
to which the off-shore tislal currents set, high water may occur earlier along the axis 
of the bay than at certain shore points nearer to the mouth. 

For, the off-shore flood has the general direction of the shore line, and the flood 
well in the bay must be comparatively weak and be directed toward the 11ead of the 
bay. The wave being practically stationary along the axis, it will be high water at the 
head of the bay as early as at its mouth. This tongue of water, having remarkably 
early tide, gradually produces high water along the shores of the bay in the same 
manner as a stationary wave in off-shore deep water generally controls the tide at the 
shore. These small delays may be due to the trend of the shore line of the bay, to 
shoals, to tidal rivers branching from it, etc. The fact that the off-shore tidal current 
is supposed to.set in tbe general direction of the shore prevents the water at and out
side of the mouth of the bay from all flowing toward the bay and filling it practically 
instantaneously as a perfectly stationary off-shore wave would have done. That is, the 
paths of these particles differ somewhat from what the paths would have been had the 
tide in the bay been simply a stationary wave connected with some oscillating area of 
the ocean whose direction of motion coincided with the direction of the axis of the bay, 
Cf; lemmas 9, 28. 

The Bay of Biscay tide occurs earlier at the eastern part of the northern coast of 
Spain than at the \vestern part of the coast. High water occurs earlier at Cadiz than at 

·Cape St. Vincent. It occurs earlier in the Cromarty Firth than along the coast extend
ing eastward. The locality of earliest tide on Cape Cod Peninsula is about the middle 
of the western coast. See Figs. 15, r8, and 2r. ' · 

ro. (32) In going up a tidal river the rate of propagation at any point is usually 
somewhat less than that given by Lagrange's formula ../ gh, where Ii denotes the mean 
depth of the cross section. 

·R!'!asons for this will be considered in Part V. 



CHAPTER III. 

MATTERS CONCERNING AMPHIDROMIC R.EGIONS. 

l l. The deflecting force ef the earth's rotation. 

From equations (116), (117), Part IV A, we have as the components of the force 
which a unit particle moving on the earth's surface is capable of exerting because of 
the earth's rotation, 

Southward force = 2k,v, cos 0= -2k,vw cos 0 
Eastward force = -2k1v8 cos 0= 2k,vn cos 0 

Total force = 2k,v cos 0. 

(20) 
(21) 

(22) 

The direction (from the south via east) of action of this force is given by the equation 

and the direction (.x) of the path of the moving particles by 

v, v, 
tan x=--~=-. 

Zin V8 

The force therefore acts at right angles to the instantaneous path of the ·particle and is 
therefore a deflecting force. The moving unit particle has a tendency to crowd, or 
slightly move relatively to the earth's surface, to the right in the northern hemisphere 
and to the left in• the southern, the force representing this tendency being 2k

1
v cos 0. 

This deduction from Laplace's equations of motion is known as Ferrel's law. It 
was demonstrated and published by Ferrel in 1859, in Runkle's Mathematical Monthly. 
The paper containing the demonstration has been republished by the Signal Service of 
the United States Army in Professional Paper No. VIII. 

In order to show that the earth's axial rotation must affect the tides, recourse is 
often had to the case of a body moving in a north-and-south direction at a given latitude 
but gradually altering its local direction as other latitudes are reached. However, this 
restriction to north-and-south motions is wholly unnecessary, as equation ( 22) shows; 
and, moreover, the results of even these motions are not always understood and cor
rectly presented. 

Ferrel thus states the law, and comments upon it: 

Hence in whatever direction a body moves on the suiface o.f the earth, there is a .force arising 
.from the earth's rotation, wlzich deflects it lo the rig/it in tlze northern lzemisphere, but to the le.ft in the 
southern. This is an extension of the principle upon which the theory of the trade winds is based, 
and which has been heretofore supposed to be true only of bodies moving in the direction of the 
meridian.* 

* Runkle's Mathematical_ Monthly, Vol. I ( 1859), p. 307. 
332 
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It is of interest to quote here from Prof. G. H. Darwin's recent book on tides. Of 
course, the author's purpose is illustration rather than comprehensiveness or extreme 
accuracy; but the statements are somewhat misleading in that they impress one 
with the necessity of north-and-south motion in order that a deflecting force shall 
arise. Moreover the second sentence is misleading even for north-and-south motion. 
In fact, the east-and-west acquired component velocity relative to the earth's surface 
is not simply the difference between the absolute velocities of two points fixed on the 
surface of the rotating earth. From D' Alembert's principle we readily obtain 

-'Jf.m X----y- =~m(xY-y..\'.) d , ( dy dx) 
at dt dt ' 

which equals zero because gravity, being the only impressed force considered, passes 
through the axis of rotation. For one particle we have 

m x---- )' ---- =constant=mr -=r.mr--=moment of momentum ( 
dy dx) .dr/J drp 
& & & & . (26) 

That is, the total eastward velocity - times r remains the same for all latitudes. 
In these equations the coordinate axes are fixed in space and r denotes the distance to 
the axis of rotation. 

\Vhen, in the northern hemisphere, water moves from north to south it passes from a place where 
the surface of tht! earth is moving slower, to where it is moving quicker. Then, as the water goes to 
the south, it carries with it only the velocity adapted to the northern latitude, and so gets left behind 
by the earth. Since the earth spins from west to east, a southerly current acquires a westward trend. 
Conversely, when water is carried northward of its proper latitude, it leaves the earth behind and is 
carried eastward. Hence the water can not oscillate northward and southward, without at the same 
time oscillating eastward and westward.* 

That a particle moving upon the earth's surface with an eastward velocity tends 
toward the equator, while a particle having a westward velocity tends toward the poles 
can be readily seen from the fact that the ellipticity of the earth's meridian is chiefly, 
directly or indirectly, due to the motion of rotation. Therdore an addition to the abso
lute eastward velocity increases the ellipticity while a diminution in this velocity lessens 
the ellipticity. t 

Since the earth rotates 36o0 in one sidereal day, its angular velocity (k,) 1s 
o.ooo 072 921 radian per second, and so the deflecting force becomes 

0.000 145 842 v cos () 

poundals. This force divided by g gives 

0.000 004 533 18 v cos () (28) 

where vis expressed in feet per second, or 

*The Tides and Kindred Phenomena in the Solar System (American edition), p. 176. 
t The following references relate to the subject of the earth's deflecting force: Ferrel, A Popular 

Treatise on the Winds, Ch. II. Lai;nb, Hydrodynamics, p. 322. Under Maclaurin, this manual, 
Part I, e 95. 

• 
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0.000 014 872 6 v cos () 

where vis expressed in meters per second. This is the gradient or transverse slope of 
a narrow stream arising from the earth's deflecting force. 

12. Amphidromic regions in straits and canals. 

In§§ 4, 5 amphidromic regions due to two systems of free waves in the same body 
have been briefly considered. Mention is there made of the fact that small, deep bodies 
of water which obey the corrected equilibrium theory constitute such regions. This 
section deals with those dependent upon the deflecting fore~ of the earth's rotation. 

If a channel or strait of sufficient length be so narrow that its free transverse oscil
lation period be several times less than twelve hours, the flood and ebb streams will give 
rise to the transverse slope just indicated. 

• This transverse oscillation may be combined with longitudinal oscillations, either 
stationary or progressive, in ways analogous to those given in Chapter I. Of course,. 
this treatment will be only approximate because the character of such motions, when 
influenced by the earth's rotation, has never been fully ascertained. However, if the 
transverse motions are small, this treatment must be nearly correct. Allowance must 
be made for the variation in velocity at different parts of the channel, as the value of 
the transverse slope depends directly upon the velocity of the stream. 

In a strait connecting two bodies of water whose high waters differ in tiine of • occurrence by six hours, and so indicate the existence of a nodal line across the strait, 
the alternating transverse slope will reduce the nodal line to a no-tide point around 
which the cotidal lines will be amphidromic; the progression, i. e., sequence of tidal 
hours, will be counterclockwise in the Northern HemiSphere and clockwise in the 
Southern. Similarly for a stationary oscillation in a canal more than }{° A. in length. 

Examples of this are North Channel, Strait of Korea, Norton Sound, arm of sea 
between Holland and England (Figs. 20, 22, 34, 36). 

In a narrow canal or tidal river up which the tide wave is propagated at the rate 
due to depth, the range of tid~ will be increased upon that side toward which the flood 
stream crowds and decreased upon the opposite side. The times of the tide will, how
ever, not be altered. 

In a canal-like body having both a stationary and a progressive wave, the no-tide 
point will either disappear or be transferred from the position given by the stationary 
wave. The effects can be seen by combining all waves, as in Chapter I. Suppose 
high water of the progressive wave falls upon the nodal line of the stationary wave at 
the time of maximum flood stream; then for a small amplitude of the progressive wave 
the no-tide point will be moved fron'l the center of the stream toward one side, and for 
a large amplitude the no-tide point will cease to exist, but a crowding up of the cotidal 
lines will occur on the one side and a spreading out on the other. 

Examples are the English Channel, Irish Channel, Gulf of California, Gulf of 
Georgia, and Adriatic Sea (Figs. 19, 20, 3 I, 32). 

13. Dependent landlocked wave eddies. 

In § 115, Part IV A, a brief account is ,given of ordinary eddies; i. e., eddies in 
which the flow is everywhere steady for a time at least. We are now to consider 



APPENDIX NO. 5. COTIDAL LINES FOR THE WORLD. 335 

eddies in bodies of water which are largely surrounded by land, and which are so large 
and shallow that various phases of the tidal streams exist simultaneously. Comparison 
may be made with cases 2 and 5 of the section just referred to. 

The motion may be assumed to begin at a point of the coast of the embayment (or 
body of water covered by the wave eddy) where the rise and fall is comparatively large. 
This can be inferred from the rise and fall of the neighboring waters, upon which the 
derived wave eddy depends. The wave proceeds thence along the shores of the 
embayment, but gradually decreasing in amplitude, until it again joins the main or 
outside body of water or passes into some other arm of the sea. Through the greater 
part of its course the rate of the shore wave is about that due to depth; but there may 
be much crowding together or spreading apart of the cotidal lines where the wave 
finally joins the main body. Generally speaking, the nearer this shore wave comes to 
agreeing in phase with the main body where the latter is finally reached, the more 
likely are such wave eddies to exist. The point of beginning of the shore wave is 
often a cape or headland where the coast suddenly recedes from the general direction 
of the tidal motion in the outside body. (Of. Lemma 19.) 

Examples are the southern part of the Gulf of St. Lawrence, Fox Channel, southern 
part of the Gulf of Pechili, the waters between Borneo and Malacca Strait, and the 
main body of the North Sea. The first three are twelve-hour eddies, the fourth a 
twenty-four-hour eddy, amt the North Sea may be regarded as an incomplete eddy, 
since the final progression passes into the Skagerrak. There may, however, be a 
small wave from the Naze toward Stavanger, thus completing the twenty-four hours. 
(See Figs. 7, 13, 21, 22, 26, 36.) . · 

Suppose that for some distance the main body of water rises and falls simultane
ously, but that the amplitude decreases from the cape at which the progression of the 
eddy is supposed to originate toward, but not generally as far as the other cape or 
corner of the embayment. This diminution is generally due to the failure of any con
siderable transverse wave motion to set out from the tide of the main body across the 
central or some other part of the opening of the embayment because of the deflecting 
influence or shielding effects of near-by capes and lands .. It is sometimes drie to there 
being a nodal line of the main body abreast the center of the opening. In this case an 
island situated near the center of the opening will facilitate the formation of the wave 
eddy. 

Consider the low water of the shore wave a short time after leaving the first cape. 
The surface slope from the region of the main body where the amplitude is small, 
toward the locality of low water just mentioned, will then have its maximum value. 
Tne maximum radial velocity will, because the motion is·oscillatory, occur three hours 
later, and so high water from this cause will occur six hours later; i. e., will coincide in 
time with the high water of the progressive transverse shore wave. The causes which 
produce transvers~ motion at the cape do not exist to any great extent near the region 
of small rise and fall, and so the apparent transverse progression in the embayment is 
governed hy the progression along the shore. The cotidal lines radiate from some point 
or locality where the range of tide disappears or becomes very small. If the circuit 
requires 24 hours instead of 12, it is probable that the range of tide nearly disappears 
over a region of considerable size; because radial flows in nearly opposite directions 
for opposite points of the eddy are in this case necessitated at one and the same time. 
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In all of these cases the cotidal lines may be spoken of as amphidromic. 
Each of the wave eddies referred to in this section is dependent upon the tide of 

an outside or main body of water with which it is connected. But dependent wave 
eddies are not always landlocked. Suppose the tide wave to be progressing from open 
water toward the coast through shallow waters. Suppose a broad gulf in the shore 
line converts the incoming wave into a stationary wave of large range at the head of 
the gulf and of small range 1-(A. seaward from this point.* Now suppose that from 
one of the capes marking the head of the gulf the adjacent shore line so recedes that a 
progressive wave sets along the coast and even ot;tward. "f For a while it will have a 
greater range than has the incoming tide. But as it must finally join the latter there will 
be much crowding up of the cotidal lines soon after leaving the cape; consequently there 
will be little or no progression at the rate due to depth, as was assumed to characterize 
the shore wave of a landlocked eddy during a portion of its course. 

Two such eddies are situated off the eastern coast of Patagonia (see Fig. 29). 
In all these cases the effect of the earth's rotation, although of course present, is 

probably insignificant, notwithstanding the fact that the order of the cotidal lines is 
generally counterclockwise in the northern hemisphere and clockwise in the southern. 

14 . .incomplete eddies, and islands. 

Incomplete eddies more or less landlocked may be formed in a similar way. 
Referring to Fig. 36 it will be noticed that at Shantung Promontory the range of tide 
is only 4 feet, while at the cape on cpposite Korean coast it is 7. 7 feet. The shore 
wave follows the Korean coast and governs the time of tide in the shallow sea between 
the Yellow Sea and Pechili Strait. Shantung Promontory is a turning point for the 
tide around which the cotidal lines are crowded together. Lemma 28 applies to this 
case, but it also applies to many capes at which the range of tide is even greater than in 
the offing. The southwestern corner of the Falkland Islands is a turning point for an 
imperfect wave eddy, whose sustaining shore line extends from Staten Island to Port 
Santa Cruz. Cape Chidley and Ungava Bay form another example. 

In channels of moderate width incomplete eddies may result from the deflecting 
force of the earth's rotation. Examples are given at the close of§ 12. 

If near one end of an island in the ocean there is a much larger tide than prevails 
off the other coasts of the island, the tide wave may appear to progress completely 
around it and the tidal hours form a complete cycle of values. The cotidal lines are 
made to radiate, as it were, from the island from two causes-the first, that given under 
lemma 28, depending upon the curvature and trend of the shore line, and the second 
that given in § 36, Part IV A, and depending upon the shoaling around the islana. 
Examples are New Zealand and Iceland. 

Generally, however, the wave which passes around both ends of an island is so 
nearly alike in range and in phase that although some of the cotidal lines radiate from 
the island (both causes just mentioned being operative) only certain tidal hours will be 
represented. Examples of this are the Falkland Islands, New Caledonia, Formosa, 
and Franz Josef Land. 

*Cf. ~ 34, Part IV A. t Lemma 19. 
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15. Amphidromic regions in the ocean. 

If au ocean be conceived to oscillate in more than one system it may happen that 
around a certain point or region the theoretical hours of the tide; i. e. those given by 
the tidal systems, form a cycle ·of values. 

In § 4 the cotidal lines for two systems in a square body of water haye been dis
cussed. An irregular progression from the points representing the middle of the loops 
of one system to similar points of the other system was shown to exist-the direction 
of the progression being such that the time difference between any two adjacent loops 
is less than six hours. But if a nodal line of one system, whatever its form, crosses a 
nodal line of the other there must be a progression about a no-tide point, or point where 
the nodal lines intersect; for, these lines may always be regarded as right lines for 
some distance from their intersection, and the particles of each system there oscillate 
as if near the nodal lines of two rectangular areas.. Upon referring to Fig. 23, Part 
IV A, it is evident that one such progression must occur along the coast of Somali Land 
and another along the coast of California. 

Antecedent waves which move toward openings in the coast. line (or toward suddenly· 
receding parts of it) at approximately the rate due to depth, often govern the time of 
tide in certain parts of amphidromic regions, especially near the nodal lines and the 
free boundaries of the oscillating areas, where the range of the direct tide is small. 
Such a progression, due to the openings and shallow seas into and around the British 
Isles, to .Qenmark Strait, and to the opening between Cape Farewell and Labrador, 
extends across the northern part of the North Atlantic Ocean (Figs. 6, 12, 18, and 20). 

The southwesterly progression toward the Fiji Islands and :New Caledonia 
influences the time of tide in the northwestern half of the amphiclromic region whose 
no-tide point is situated northwest of the Society Islands. 

According to lemma 25, between two not too distant nonsinmltaneous regions, the 
time of tide will gradually change from the value belonging to the one to that of the 
other; i. e., the tide wave will seem to progress, but not as a free wave at the rate due 
to depth. That this must be true is self-evident; but how the change takes place 
between two regions belonging to different: systems has not been ascertained. · 

If two bodies of water having tides of their own, which differ in time by six hours, 
are connected by a strait, the wave of the strait is stationary and there will be no pro
gression from the one to the other, and a nodal line will extend across- the strait.* If 
now on one side of the strait a progression exists it will obliterate a portion of the nodal 
line, and a very rapid progression between the two bodies will be observed. The hori
zontal motions of the stationary and progressive waves may be supposed to agree in 
phase at the nodal line. Similarly, for a progression which may exist on the other side 
of the strait. If both progressions are in the same direction the cotidal lines will simply 
bunch up in the strait. If the progressions take opposite directions on opposite shores 
the strait will constitute an amphidromic region. The cotidal lines will either radiate 
from a no-tide point, or, if the amplitudes of the progressive waves become zero not far 
from the shores, they will branch off from the nodal line. In either case there will be 
at each end of the strait a region of nearly simultaneous tide, while along the shores 
the time of tide changes rapidly. 

*Cf. ~~ 35, 102, 1>art IV A. 
10277-04--22 
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Examples: The broad strait between Iceland and the Faroe Islands has at its 
Iceland side a southerly progression due to the considerable tide passing through Den
mark Strait and following the northern and eastern coasts of Iceland; at its Faroe 
side it has a northward progression due to the fact that these islands form a part of the 
broken boundary adjoining a good rise and fall.* In a similar way is explained the 
amphidromic region between the Faroe and Shetland islands. 

As noted in the last section, islands or capes accompanied by gradual shoaling of 
near-by waters often have the effect of turning or deflecting toward themselves pro
gressive waves. The reasons for this are obvious in case of a solitary wave advancing 
at rates due to depths. The phenomenon is analogous to refraction. "I" Other means of 
accomplishing deflections are given under lemma 28. 

Amphidromic regions in the ocean generally have one or two broad spaces or 
sectors of practically simultaneous tides. Over such sectors none of the three causes 
just mentioned as giving rise to apparent progressions are more than barely discernible. 
They are regions in which progressions from other quarters of the ocean lose them
selves or in which progressions to distant quarters begin to appear. According to 
circumstances the range of the tide may be considerable or it may be small. 

That the deflecting force of the earth's rotation materially assists in the production 
of amphidromic regions in the ocean is doubtful; moreover, the one in the Indian 
Ocean lies under the Equator and the one around Tahiti lies comparatively near to it. 

Ill. Tile principal ~111plzidro11tic re,1;io11s of various kinds. 

-~----- ------- --- ---- --·-------
Position of no.tide point or cente~ 

Location Kind 
Latitude 

I 
Longitude 

; 
--- ------ --------- --- --------

0 I I 0 I 

Indian Ocean 8. 64 1~. ' Ocean eddy I 33 52 

I 

S. E. of Newfoundland 40 00 N. 40 00 W. Ocean eddy 
Off Holland 52 27 7f N. 3 14Yz E. Channel eddy t 
S. W. of Norway 57 37 x. 5 15 E. Wave eddy 
North Channel 55 18 N. 6 00 w. Channel eddy t 

' 
Bet. Shetland ancl Fiiri:ic Is. 61 39 N. 5 25 W. Broad-strait eddy 

I Bet. Fiiri:ic and Iceland 63 06 N. IO 18 \V. Broad-strait eddy 
! Fox Channel 69 09 N. 79 00 \\'. Wave eddy 

Off Patagonia 45 18 s. 63 37 \V. \\'ave eddy 

i 
Off Patagonia 40 55 s. 6o 45 W. \\'ave eddy 
Bet. California ancl Hawaii 30 25 N. 141 25 W. Ocean eddy 
Norton Sound 63 53 N 163 41 W. Chanuel ed<ly t 

I 
Strait of Korea 35 32 N. 130 45 E. Channel eddyt 
Gulf of l'echili 38 24 N. 

I 

119 47 E. \Vave eddy 
\Vest of Borneo 0 21 s. !07 20 E. \Va\·e eddy 

i X \\'.of Society Is. 14 7)1 s. 153 13 \V. Ocean eddy 
S. E. of New Zealand y __ 30 ____ s. I 172 JO \V. Ocean edcl y 

-- --

Mediterranean Sea Isle of Crete Equilibrium eddy 

i 
Gulf of St. Lawrence )fa~dalen Islands Wave eddy 

I 
W. end of Java Sea Rilltton Island \Vave eddy 

I 

*Lemma 14. 
t See ?, 36, Part IV A. 
t That is an edcly due to the clefiecting force of the earth's rotation acting upon a stationary wave 

which possesses a nodal line un<l occurs in a channel, strait, or sound whose width is a moderately 
small fraction of A, ~ 12. 



CHAPTER IV. 

COTIDAL LINES. 

I 7. Remarks on cotidal dzarts. 

Definite suggestions concerning cotidal lines· were made by Dr. Thomas Young 
about a century ago. * In the Philosophical Transactions for r 831, Sir John W. 
Lubbock marked upon two charts, one for Great Britain and one for the world, the 
Greenwich and local times of the tide at the time of new or full moon. In a few 
instances he indicated the positions of cotidal lines. Dr. William" Whewell drew 
cotidal lines for Great Britain, the coasts of Europe, and the world at large, although 
attempting little in the Pacific Ocean. ·r 

A few years later, Sir Geo. B. Airy gave in his Tides and Waves a chart for Great 
Britain and one for the world based chiefly upon the charts of Whewell. 

A map of the world showing the establishments, Greenwich times of tide, and 
spring ranges is given in a book entitled "The Tides" published by the Society for 
Promoting Christian Knowledge, London, 1857. A chart of the coasts of Europe, 
showing the Greenwich times of tide, the spring ranges, also the character of the tide 
waves, whether progressive or stationary, accompanies the text. No attempt is there 
made at drawing the cotidal lines. 

In the U. S. Coast Survey Reports for r 854 and r 857, Superintendent Bache gives a 
sketch of the cotidal lines for the Atlantic Coast; a similar sketch is given for the 
Pacific Coast in the Report for 1855. In the Report for 1856 a sketch is given for the 
diurnal wave of the Gulf of l\'Iexico, and in the Report for 1862, maps for both diurnal 
and semicliurnal waves around the Gulf coast of Florida. 

Many other maps of cotidal lines for limited areas have been published at various 
times. The most recent cotidal chart of the world is one by Berghaus, constructed in 
1889-90, and which accompanies his Physikalischer Atlas; it is reproduced as Fig. 25, 
Part IV A. He also gives a chart for western Europe, reproduced as Fig. 26, Part 
IV A, one for the East Indies and China, and one for the \Vest Indies and the Atlantic 
coast of the United States. Van der Stok, in his book entitled "Wind and Weather, 
Currents, and Tidal Streams in the East Indian Archipelago,'' gives two maps around 
this archipelago, which are reproduced as Figs. 29, 30, Part IV A. 

Generally the cotidal charts have been constructed for the purpose of showing the 
Greenwich lunar time of high water on the days of full and change of the moon; that 

--------- ---··------- --
*Lectures oir Xatural Philosophy, Vol. 1; Nicholson's Journal, \'ol. 35 ( 1813), pp. 145-217; 

Encyclopedia Britannica (Eighth Ed.), article "Tides;" Miscellaneous \Vorks, Vol. II. 

t Phil. Trans., 1833, 1836, 1848. 
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is, tlle vulgar establishment is cdnverted into lunar hours and to it the west longitude, 
expressed in hours, is added or from it the east longitude is subtracted. If harmonic 
analyses were sufficiently numerous, the establishmeut obtained py dividing M.° by 30 
could be used to advantage; the chief drawback to this proceeding would be the fact 
that the mean time of high water is affected by the higher harmonics M 

4
, M 

6
, M

8
, ••• 

In the charts accompanying this paper, the mean or corrected establishment has 
been used. While this may, from a scientific point of view, be less desirable than the 
M. establishment, it has the advantage of referring to actual high water instead of to 
component high water. The difference may be considerahle in rivers and other shallow 
boc\ies of water. 

\.The Roman numerals denote the Greenwid1 lunar time of mean high water. The 
side ef the line upon wliich a numeral is written indicates the direction in which the wa·ve 
appears to progress. J Of course in most oceans and deep bodies of water simple 
progressions of free waves at rates due to depth seldom occur by themselves; and 
reasons for this fact have already been given. For convenience the word ''progression'' 
will be constant~y used in connection with any sequential change however irregular o.r 
complicated this may be. 

At most localities the vulgar establis11ment is about one-fourth of a lunar hour 
greater than the corr~cted. The approximate cotidal hours from the values of M2 

intervals are gh'en in§ 97, Part IV A;§ 19, Part IV B. The values of the true mean 
intervals, which alone are supposed to be used in the accompanying charts, have not 
always been determined. Many are given in the Coast and Geodetic Survey Tide 
Tables. 

The Arabic numerals scattered over the cotidal 'maps indicate mean ranges of the tide 
in feet at the points or localities to which they refer. If the values are estimated from 
spring and neap ranges they are generally given to whole feet only; if, however, a 
somewhat closer estimate is attempted, common, and not decimal, fractions are used. 
The latter fractions generally signify that the mean ranges have been determined 
either by computation from harmonic constants (according to rules given in Part III) 
or have been deduced directly from observations. If the diurnal wave is so large that 
only one high water and one low water occurs daily when the moon is near extreme 
declination, the diurnal components are omitted from the computation of the mean 
semidaily range of tide, and the resulting ranges are bracketed. 

Charts of ocean depths are given as Figs. 19, 20, Part IV A, but in actually con
structing cotidal line~ many detailed charts are required. A few of the more interest
ing localities are given as Figs. 31-39, Part IV A. 

In shallow bodies there may be progressions at rates due to the depths. Table 50, 
Part II, may be adapted to such cases. Table 5 r, Part IV A, is for deeper bodies. 

Time and data are wanting for comtructing cotidal lines for the diurnal tides, 
but this work may be undertaken in the future. It is hardly necessary to say that the 
accompanying charts have cost much labor, and still leave much to be done. 

18. Sources ef in.formation. 

Much data relating to tides can be found in §§ 79-97, Part IV A. A table con
taining the more important harmonic constants from analyses recently available is given 
in § 19. It forms a continuation of the table found in § 97, Part IV A. A brief list 
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for general referen<.:e is given here. Other references intended for particular regions or 
localities will appear in connection with the descriptions of the cotidal lines. Many 
sources of minor importance, although used in constructing the charts, will not be 
referred to. 

Tide Tables for the British and Irish Ports, by the Admiralty. 
Tide Tables, by the Coast and Geodetic Survey. 
Philosophical Transactions of the Royal Society of London. 
Proceedings of the Royal Society of London, especially Vol. 39 (1885), Vol. 45 

(1889), Vol. 71 (1902). 
Reports of the British Association for the Advancement of Science. 
Annales Hydrographiques. 
Reports of the Survey of India, 1886-89, 1892-g5, 1900-1901. 
Reports of the Coast and Geodetic Survey. 
Comptes-Rendus des Seances de l' Association Geodesique Internationale for 1900, 

Vol. II, special report. 
J. P. Van der Stok: \Vind and Weather, Currents, and, Tidal Streams in the East 

Indian Archipelago. Batavia, 1897. 
W. Bell Dawson: Reports of the Survey of Tides and Currents in Canadian "Taters. 
Archives Neerlandaises des Sciences Exactes et Katurelles, 2d Series, Vol. 6. 
Algemeene Dienst van den Waterstaat. Verzamelingstabel der \Vaterhoogten, for 

the month of April, 1894. 
Vandstands-Observationer, Udgivet af den norske Gradmaalings-Kommiss:011. 

Christiania, l 882. 
Resultater af Vandstands-Observationer paa den Norske Kyst Udgivet af den 

Norske Gradmaalings-Kommission. Christiania, 1904. 
Narrative of the Surveying Voyages of His Majesty's Ships Adventure and Beagle, 

Appendix to Vol. II. London, 1839. 
Voyage autour du Monde, de l'Uranie, Vol. II. Paris, 1826. 
Voyage autour du Monde sur la Frigate Venus. Paris, 1844. 
Data relating to tides and tidal streams in nearly all parts of the world may be 

found in the yarious Pilots, also upon many of the Charts, both of which are published 
by the British Admiralty. Somewhat similar matter may be found in the Pilots and 
upon the Charts issued by the U. S. Hydrographic Office; also, for the United States 
and dependencies, in the Coast Pilots issued by the Coast and Geodetic Survey. Many 
references to particular sources of information are given in the preface to the Coast 
and Geodetic Survey Tide Tables. 

19. Intervals, ranges, cofidal l10urs~ etc., derived from harmonic co11sfanfs. 

The following table forms a continuation of the one given under § 97, Part IV A, 
where a brief description may be found. 
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No. Station. 

, ___ ---------------

EAST COAST OF AMERICA. I 
I54 

I55 

157 

Nassau, Dahatnns ... ............... , 

Great Harbor, Cu le bra Island .... . 

~:::;;,1a;~ ~:: ~ ~ ~ ~ : : : ~ ~ : : ~ : : ~ ~ : : ~: : : J 
Colon ............................... \ 

Iles du Salul ............•..•....... I 

180 Rio de Janeiro ................... . 
I84 lllonte\"ideo ................... , .. . 

251 

25I. 5 

252 

252.5 

255 
256 

259 
26o 
26J 
262 

267 
268 

300 

309 
317 

328. 5 

3:l:l 
336 

337 

338 
339 

339·5 
341 

341.5 

342.1 

342.2 

342.3 

34z.4 

342.6 

342.7 

342.8 

357 

357• I 

1

357.2 

' 357.3 

\\"EST COAST OF AMERICA. 

Sergius Narrows ................. . 

lloonial1 ......................... . 
Port Althorp ....................... ._ 
Grattite Cove ....................... · 

Kokinhenic I ...................... ! 
Pete Dahl Slough ................. ·I 
Orea, Prince \Villiam Sound .. ·.·.·I 
Orea, Cape \Vhitshcd ..... ......... , 

Camp April ...................... . 

Valdez Arm ....................... . 
Petcrso11 Bay . .................... . 

Tigalda lJay ...................... . 
Unalga nay ...•................... 
Dutch Harbor ................ ... . 

Kashega lJay ..................... . 

Port Clarence .................... . 
EAST COAST 01: ASIA. 

Pitlekaj .......................... . 

I
. 'rontari ............................ . : 

Kiritappu, Yezo .................... [ 
· Ohatnke, Nippon ................ , .. 

1 

~~~~::..~~:::::::::::: : : : : : : : : : : : : : ! 
Chosi Kawaguchi ................. . 

Nagasaki. ........................ . 

Katsura ... ........................ . 
Otohama .......................... . 
Shinagawa. ........................ . 

Kattaga'\~ta ........................ . 

Uraga nishi Uraga. ................ . 
Ahuratsuho ...................... . 
Hashirin1itzu ..................... . 

I 
Saga mi Daiichi Kai ho ............ . 
\"okosuka ........... ............. . 

Shimada .......................... . 

. Tago ...................•........... 
I Hii ............................... . 
: Osaki, Inland Sea: ................ . 

I 
Wakanoura Dejimn, Inland Sea .. . 

, Osaka, Inland Sea ................ . 
I 

GeogTaphic 1>ositi011. 

Longitude. Mo. I l So. S,,o. I N2. N,,o. Ki. 
Lnti- I De- I,unar \ I 
tude. • grccs. [ llours. I 

i Arc. \ Time. . I , I ; [ 

_0_1_ --o--,- ~:~1--0-1-l-,_--;.;!-o-\--;.~.-- -o- Fl. I 

/\"ortli. IVesl. I I 
is os [ 11 21 5 09 1. 24 213. 4 ;. II o. 21 237 

1 
o. 3o 191 o. 28 

I8 I8: 65 17 4 21 l 0.29 241.218.04 0.04 Ii 266 0.05 223 0.25 
18 29 '. 66 07 4 2.t l o. 49 246. 3 8. 2 I O. 07 267 O. II 232 O. 27 

I7 ,5Q i 66 40 4 27 : o. 03 2So. 0 9. 33 o. 02 264 . o. OI I6o o. 24 

9 18 I 79 51 5 19 o. 27 8. 21 o. 27 o. 03 I95 ·1· ........... I 0. 37 

5 17. 52 35 3 30: 2.59 II8 3.93 i 0.92 I42 ,

1 

........... .JI o.33 

South. i 1 I 
22 SS I 43 "9 2 53 I 1. 03 82. 7 : 2. ;6 o. ~9 75 . . • . • . . . . . . o. 16 

34 53 56 12 3 45 o. '9 I. 34.2 I' !. 14 ; o. 04 318 o. o6 354 o. 05 

!Vortll. I 
57 25 I35 38 9 03 4.93' II.7 0.39 1.66 45 1.o6 348 1.sS 

5807 13547 903[5.97
1 

I4.21 0.47 2.03 48 1.I2 34I I.7I 

58 07 136 I7 9 05. 3.61. 353.5 i 11.78 1.13 35 ...••.•.... r.48 

58 12 136 , 4 9 o6 4.01 5. 9 I 0.20 I.29 38 0.11 337 1.4s 

6o 18 i I45 03 9 40 I.12 II,9 ! 0.40 0.28 51 0.26 348 0.41 

6o 23 . 145 24 9 42 3· 52 : ,,, 7 I o. 421 r. 05 46 o. 64 358 I. 57 

6o 34 ! I45 41 9 43 4.52 357.7 11.92 1.6I 40 o.88 335 1.53 

6o 28 I 145 55 9 44 4.42 8.4. 0.28: '·56 4410.80 344 1.51 

60 32 ! I46 00 9 44 ' 4. 54 356. 0 1· I I. 87 I I. 53 32 o. 9I 331 I I. 47 

6I 07; 146 27 9 4614.51 ! 353.7 II.79' 1.,,2 I 25 o.86 327 1 1.66 

54 24 I I62 3s 10 51 i. 92 354. s ' 11. 83 . o. 73 ,s I o. 37 342 1. 36 

54 05 ! 165 IO II Ol ' o. 38 . 6o. I . 2. 00 I o. 28 : 5 o. 20 47 I. 09 

54 00, I66 IO II 05 I o.6I: !05.21 3.51 0.13, 304: 0.29 67 I.o6 

53 54 \ 166 32: II o6' o.86 [ 11i.5 3.721' 0.07 \ 350 I 0.31 62 1.o6 
53 28 I 167 05 I I o8 I o. 7I ' 95. 5 3. 18 o. II 91 . . . . . . . . . . . . I. I3 

65 14 I I66 24 II o61' o. 47 ; 213. 4 7. II I o. 03 ' 346 I 0. 14 133 o. 25 

., ., ·;:::: .. ~ o. '° ' •. , o ... , •. o, i . "49 'I:::::: : : : . : .. ~: ~5- .1 
43 46 145 29 9 42 .

1 

0.94 
1 

107.9 . 3.6o I 0.43 

43 03 I45 10 9 41 0.92 ! I05,4 [ 3.51 . 0.43 I I44 : ..•......•.. o.68 

4I 25 141 Io 9 25 0.89
1 

Io8.5 3.62 I' 0.42 144
11······ ...... 0.59 

3823 I4126 926 1.111114.3; 3.81 0.52 I52 ............ o.77 

36 SI I40 48 9 23 I o. 97 I 115. 4 : 3. 85 o. 48 ' 145 ! . • .. . . o. 72 

35 44 I40 50 9 23: 0.67 I32.8 ! 4.43 0.23 I73 0.63 

35 42 110 51 I 9 23 i 1. 11 118. 8 Ii 3. ¢ , o. s1 I 149 o. 73 

35 IO I40 17 9 21 1.19' 138.3 4.61 I 0.52 170 I..... 0.78 

34 55 139 56 9 20 I. IO 1143. 2 4° 77 · O. 53 ' 18o '..... . . . • . . . O. f><} 

~~ ~ :~: ;~ : :: ::: :!~:: ::~;I::~! :~: 1:::::: :::::: ::~~ 
35 Is I39 44 9 I9 1.:z.i \ 145.9 4.86 0.60 I 111 0.78 

35 09 I39 37 9 18 I. 2I '43· 4 4. 781 o. 53 . I73 . . . . . . . . . . . . o. 77 

35 15 I39 44 9 I9 1.361150.3 5.oI, o.66
1 

I8I j ......•.••.. 0.77 

35 19 139 46 9 19 1.46 148.7 4.¢. o.6<) I8o 1···•.. ..... 0.81 

35 18 I I39 39 9·I9 1.43 152.3 5.oS I o.0 181 ............ 0.77 

34 40 1138 57 9 I6 1.29 I62.4 5.41 0.59 I86 ' ............ 0.79 

31 48 I 138 47 9 15 1.33 I66.9 5 56 0.69 I 186 11····· ....... 0.74 

33 55 I 135 o6 9 00 1.52 18o.8 6.03 0.73 203 ······ ..... 0.70 I 
3407iI3509 901 1.49 I85.7 619 0.73 2071············ 0.77 

~ ;~ I :~~ :~ : :: I : : :~ :~::: ;: :~ I :: : ::~ : : : : : "\::::::I :: ~ I 
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Kio. 0 1 • Oio. Pi. Pio. S,. :_~'°- ---9..'.:_J_!'.!:__· ~ 
·.-------~-~-- ---------·--------------

0 I i (Ki"+ o,o). Cotidal hour. I 
0 I 

;:\!,. ! M.. Ki. I Ki. : ~ 
!---.--- --·---·----·· 

' I I 

.°; I D I Sc111i- D1"11r-~ e- I~unnr <liu.r-
grccs. hours. unl. nal. 

-0 -;:-0 -;:-0 i--1--i---;.; 
120 o. 21 124 o. "9 122 0 17 o. 24 o. 75 ' o. 32 I o. 49 24 

162 0, 19 155 ! ........... ·i 0.14 o. 17: 0.761 ....•. ' 0.44 25 

0 - -i-0 ·_ .--1--;:-I "· 
;: ·-~ ! :~~.5 ,~:~~ : ::: :!::: 154 

155 
156 

157 

165 

170 

163 0.24 161 ............ •0.14 o.22.o.&): ...... 1 0.51 21 

186 o. 18 175 · ..•.•....... 0.67; 0.33 0.75 ....•. 10.42 - 16 

158 0.20 16o ....... 11 .. ····I o. !! I 0.54 I ...... ! 0.57 .-173 

14 2 i 162 10.80 0.61 115.20 
120 II i 18o,5 12.03' 5.72 ·••····· 

199 o. 23 181 0 36 I 0 70 I i 0 56 ! 24 

-2 . 159 IO. 6o 5. 59 ' 15. 92 

161 0.33 IOI ::::::i.::::: 1 0:~7 :::::12:o6 ::::::! o.~91- 8 

18' 190 12.67 7.43 16.17 

318 0,02 256 ,.,,., ,,,., .: 0,21 0,32 0,40 ••• •• • 0,07 
1
- 76 

130 11. 03 II I I I o. 34 o. 22 o. 65 ~..... 2. 61 I 331 24 I 

130 0.98 III ...... : ...... 0.34 ! 0.19 0.571···•• 2.69 ! 341 33: 

119 0.65 99 ..•......... 0.31' 0.44 ....• 2. 131· 41 1······' 
126 0.94 114 ······1······ o.3i 0.19 0.65 .••.•. 2.39 32. 29 \ 
157 0.34 178 ............ 0.15 0.23 0.831

1 

...... 
1 

0.75 I 39 24 II 

137 0.84 121 ..•....... ·: 0.30 0.18 0.54 ...... i 2.41' 33 15 

130 o. 98 115 . . . . . . . . . . . . o. 36 o. 19 o. 64 ,. •.•. · 12. 51 42 23 

130 I. o6 1181...... . . . . . . o. 35 o. 18 o. 70 '..... . 2. 57 36 24 

124 O. \)8 lJO • • • • • • • • • • • . O. 34 O. 20 O. 67 ! . . . . . . 2. 45 36 25 

123 0.97 Ill ·••••• ••.••. 0.34 0.19 0.58 :·••••· 2.63 31 27 

124 0.77 971, ........... 0.38 0.19 0.57 2.13 23 13 

146 0.63 134 · ..•....•••.. , 0.74 0.53 0.58 1.72 - 55 13 

148 0.72 131 ...... ..•... : 0.21 0.53 o.68 1.78 -161 38 

152 o. 72 142 . . . . . . . . . . . o. o8 o. 36 o. 68 I. 78 - 122 49 

151 o. 74 129 o. 15 o. 65 l. 87 - 5 

6o i 
62 

19 

19 
20 

12 

-ll 

16 

15 

12 i 
14 

12 ' 

27 ' 
12 

17 
JO 

22 

120.5 

120.5 : 

109 

120 

167. 5 

129 
122. 5 
124 

117 

II7 

110.5 

140 

139.5 

147 

140 

8. 73 

19. 13 : 

8.03 

8.03 

7. 27 
8.oo 

II. 17 

8.6o 

8.17 

8. 27 

7.So 

7.8o 

7. 37 

9.33 
9.3o 

9.So 

9. 33 

115 o. 12 287 I· .... 

I 
o.o6 0.30 0.48 1 ...... ~ 0.37 I 133 So -172 201 13.40 

I ·····,•····· ..... . ::: ...... ::~ ..... ,~I···~~· ...... ····:~r:~:···;··:~:~~· 
t6o O. iO 

152 o. 62 

144 o. 48 

156 : o. 66 

159 I 0 56 I 
174 o. 44 I 
161 0.59: 

166 o. s6 
172 o. 6o 

11i<J I 0.61 

164 I o. 63 

1631 0.61 ! 
170 0.59: 

169 O. 64 I 

165 0.58: 
0.61 

0.64 ! 

0.50 

0.55 

o. 63 

0.57 

0.65 

161 .•.•.....•.• 0.47 : ...... 0.91 1.30 41 - 9 156.5 I0.43 

o. 4 7 . . • • • • o. 81 I. 07 35 143 9· 53 

0.471 ..•••• o.86 1.43: 38 .•.••. 154 10.27 

······1······ 0.49 0.78 1.28; 30 .•••. ·1 3 157.5 I0.50 

0.34 0.70 i.07 40 8 170 11.33 ........... 
.•. •. . . .. .. . 0.46 

..... ·I· ..... 
1

0.44 
.........••. 0.48 

0.81 

o. 72 

0.87 

o.86 

16o ..•.•. i ...... o. 55 ...... o. 76 

:~: ·:::::!:::::: :::: ::~~ 
158 .•.•. ·I··· ... 0.49 0.83 

158 ······,······i 0.47 ······10.72 
137 1 .. · .. ·1······10.48 ...•.. 0.79 
163 ............ •' 0.46 1· ..... 0.81 

170 i .•. ..1 ...... 0.52

1

· ...... o.68 ..... . 
o. 48 ....•. 1 o. 79 : ..... . 

:~: • •• •• ·1=• 
00 

•• • 0,49 • •••• • 0,82 I,,,,,., 

165 :::::: :::::: 0.491······ 0.76 ....•• 1 

,So r .... l ..... 0.61 ....•• 0.74
1 
..• ··I 1. 32 I 

I. 53 i 

30 

31 

37 
32 

41 

31 

E ::::::1 
: ::::::j 
19 '· ...• ·i 
22 .••••• 1 

21 ..•.. ·! 
40 
12 

II 

12 

17 

5 

9 
16 

II ' 

27 

155. 5 
16o 

163. 5 

166. 5 

162.5 

158. 5 
162 

163.5 

150.5 
166.0 

176 

174. 5 

176 

177 I 
187.5 

I0.37 

I0.67 

J0.90 
II. IO 

10.80 

IO. 57 
Io.So 

10.90 
10. 77 
10.03 

11.07 I 
II, 73 I 

II. 63 

1 I. 73 
11.80 

12. 50 

9.44 

9.52 
8.86 

9.30 

I0.07 

IO. 12 

9.64 
IO.QI 

9.6o 

9.56 
Io.68 

]. 02 

2.59 
2. 82 

2. 31 

6. 21 

II. 73 

5.90 
5.83 

6.20 

6. 38 

~:;~I 
7. 261 
7.44 

7.98 

7.35 

7.54 

7.48 

7. 6c) 

7.64 
7. 76 

8. 14 

8.31 

9.03 

9.17 

9. 15 

10.13 

11.61 18o 

22. 88 184 

17. o8 251 

17.o8 251.5 

16. 35 252 

17. IO 252. 5 

20. R4 255 

18. 30 256 

17. 89 259 
18. 00 26o 

17. 53 261 

17.57 262 
18. 22 267 

20. 35 268 

20.38 I 20 
20, 90 i 270 

20. 46 271 

o. 50 285 

300 

o. 37 309 

0.75 317 

o. II 328. 5 

o. 84 333 
I. 12 

I. 95 337 

o. 99 338 

I. 32 339 

I. 57 339. 5 

'· 78 341 
1.48 .341.5 

I. 25 342. I 

I, 50 342. 2 

1.58 342.3 

I. 45 342. 4 

0.71 342.6 

I.So 342.7 

2. 48 342. 8 

2. 6j 357 

2. 71 357. I 

2. 78 357.2 

3. 47 357. 3 
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--..,---------
I Geographic position. 

-·--- Longitud-~~ M.. ------ S2. ,1 S.O. X2. N,,o. I Kr. 

La ti- De- \Lunar ·1 
tude. · Ar:.-·r ~;~:-.- grees. 1 hours. 

1

. I i 
I I 1 ' I 

'---,/ .'o"ort,'•· ·1 Eoa··'t.·-,;-,~--:--;: -o-11.-;:·1, F/.-11.-o- F/.-\l_o_ I_-;,~· 
EA.ST COAST OF ASIA-Continued. ¥ ,, ~ 

357.4 jKobe,InlandSea ................. 3441 135111 901 1.02l216.o\ 7.20 0.55 226 ............. jo.84 

357.5 jAkashi,InlandSea .... .,'. .......... 3439 134591· 900 3.44,256.71 8.56 1.31>1 245\ .. ""j' .... -;o.83 
357. 6 ' Shikama, Inland Sea.............. 34 47 134 41 8 59 o. 89 I 319. 5 , 10. 65 o. 37 · 3o6 ' .......... "\ r. 02 

, 362, 05 Setoda, Inlnncl Sea ................. , 34 18 133 05 . 8 52 3. 48 : 3c6. ;• [ ro. 22 1. 21 ' 343 I· ..... l...... o. 91 
!362.10 Kure,lnlandSea .................. I 3414 13232 850 3.401277.1 9.24 1.291 30<)i .......... 0.99 

i 362. 15 Ujima, Inland Sea ................. I 34 21 132 29 8 50 3. 26 ( 283. 4 I 9· 45 I. 6o I 300 ; ...... · .... o. 93 
1 

362.20 Etauchi, Inland Sea............... ;M 15 132 28 8 50 3.:5 · 278.1 I 9:27 1.431· 311 ! ............ 0.97 
[362.25 Nasakejima,InlandSea ............ \ 3357 13228 850 3.13 262,8 8.76 t.48 298? .......... t.05 

362.30 Ohntake, Inland sea.............. 33 5S 132 IO 8 49 2.92 26o.9 8.70 1.321 290 \ ............ 0.95 

362.35 Aohama, Kiusiu..... .............. 33 57 131 02 8 44 3.54 254.1 8.47 1.74; 287 , ............ 0.95 
362.40 Kakachi, Inland Sea............. 33 41 131 31 8 46 3.o8 258.4 8.61 t.331 280 1 

......... 0.97 
36>.45 Kaminoseki,InlandSea ..... ., .... 3350 132o6 848 2.66 257.6 8.59 1.18 '289

1 
............ o.86 

362. 50 Okikamuro Shima, Inland Sea.... 33 51 132 22 8 49 2. 94 . 26>. 5 8. 75 r. ro 291 1...... .. .. .. o. 97 

No. Station. 

. 36>.55 Aoshima,, Shikoku, Inland Sea.... 33 44 132 29 8 50 8.51 1.23 284 ............ 1.01 3.03 255.2 
362.6o Gokoshima, Shikoku, Inland Sea. 33 55 132 41 8 51 9.01 r. 19 303 . .. .. . ... .. o.g8 

! 362. 621 Mitarai. Shikoku, Inland Sea ... .. 34 10 132 52 8 51 9. 64 1. 26 323 .. .. .. .. .. . o. 96 
: 362.65 Kurush'.ma, S.~.'ko~u, Inland Sen. 34 07 132 59 8 52 9.62 1. 35 328 .... . . ..... 1.05 
1362.70 Kurosh1ma, Nugon Syo ... .. ..... 33 59 133 20 8 53 3.71 

1

. 290.8 9.69 1°33 3s6 ..... ..... 1.05 

'362.75 Awashimn, Shikoku............... 34 16 133 38 8 55 3.54 328.3 10.94 1.35 3 ...... ..... 1.03 
( 362. So Naoshima.......................... 34 27 134 oo 8 56 2. 22 ; 319. 3 , 10. 64 o. 73 355 ............ 

1 

o. 99 

, 362.85 Konoura ............... ,........... 34 26. 134 14 8 57 1.6o I 317.5110.sfl 0.49 1 336 ...... ..... 1.01 
\ 362.90 Jeshima .......................... 

1 
34 40 134 31 8 ,58 0.95. 339.9 1 11.33 0.38 :I 3"9 ............ , 0.90 

: 36i.9s Aikcta, Shikoku ................... 
1 

34 14 134 24 8sB11. 14I348.1 u.6o 0.29 333 ............ \' 0.90 
I 363 Murotsu, Awaji .................... 

1

' 34 32 134 53 9 oo. o.72 I 334.7 n.16 0.26 286 ........... ·. o.'36 

:y,3.05 Anaga,Awaji ...................... 3416 13440 859;1.09,338.1 II.27 0.24, 341 ..... 'l ...... iu.90 
,363.10 Fukura,Awaji .................... , 3415

1

13443 859l1.48:19i.3 6.41 0.77 214 ............ 0.73 

j 363. 15 Swayn. Awaji .................... "I 34 36 135 01 9 oo : o. 37?; 219. 9 7. 33 0.361° 237 .. .. .. .. .. .. o. 78 
· 363. 20 Demoura, Shikoku................. 34 13 134 35 8 sB I 0.95 , 218. 9 , 7· 30 o. s6 232 ...... ,'. ..... o. 77 

363.25 Kitodomnri, Shikoku.............. 34 14 134 35 8 sB I 0.58\270.1 I 9.00 0.31 26o ...... ..... 0.85 
363.30 AziroKameura .................... 

1 
............... 

1

'. ....... , 1.17 350.7 11.69 ~·29 340 ............. o.88 

363. 35 Magosaki, Shikoku .. . .. . .. . .. .. .. 34 14 134 39 8 59 1 o. 99 329. 9 n. oo o. 20 347 ...... I...... o. 8<) 

363.40 Tosadomari, Shikoku ............. 1 34 11 134 38 8 59 I 1.10 ! 204.61 6.82 0,62 225 ............ 0.75 
.)6.J.50 Fukuoka, Kiusiu .................. ·1 33 36 130 22 I 8 41 

1

. 1.8S. 27>.4 9.o8 o.So ;,o6 .... .. ... .. 0.48 
363. 6o Fuyasiken1urn, Kiusiu...... . . . . . . . 33 47 130 27 : 8 42 I. 5'~ I 28o. 7 9. 36 o, 75 303 o. 6<) 

3.15 270.3 

3.59 28<). 3 

3.54 288. 7 

363.70 Kanekasemura, Kiusiu ............ 1 33 53 · 130 30 8 42 
1 

1.51 I 336.1 n.20 0.59 344 ............. 0.45 
363.So !lloji, Kiusiu ........................ 

1 

33 57 j 130 39 8 4.1 1 2.44 i 261.5 8.72 1.o8 297 ...... ' ..... ·\ 0.53 
363.90 Hedomari, Sh<"IIIOUSeki Str........ 33 57 . 130 52 8 43 J. 26 ; 28<).8 9.66 o. s8 321 . .. .. . .. .. . o. 38 

363.95 Omishir.1a, Nippon................ 34 241· 131 13 8 45 0.63 [ 316.5 10.55 0.34 340 ..... ; ...... 0.32 
365 Kosigahama, Nippon .............. 

1

. 34 28 131 24 8 46 0.531326.1 l0,88 0.28 338 ............ 0.30 
3;9 Maizuru, Nippon................... 35 27 I 135 19 9 01 o. 24 67. 1 2.24 o. 05 94 o. 23 

379. 5 Wajima, Nip1:on ................... ' 37 24 ·1136 53 9 o8 o. 20 75.2 2. 51 o. 07 1o6 .. . .. . .. .. .. o. 16 

381 Nanao, Nippon ................... I 37 03 136 57 9 o8 0.21 77.9 2.6o o.o8 115

1 

...... :: 0.19 

384.5 Futami. ...................... .'..... 37 571138 14 o.o8 loo ...... . 0.18 
385 Rbisu ............................. 

1 
38 05 138 25 0.07' 117 

1 
..... I o. 18 

3Ss. 5 Kamo .............................. ' 4308 44~ l 113399 4589 o. o8 1132871.· .· .·:. \ :·. :: 
386.05 Fulmura . .. .. . .. .. .. .. .. .. .. .. .. .. . o.o8 

3R6. 10 Kodonrnri..... .. .. .. .. .. .. .. .. .. .. . 41 07 140 17 o. 07 126 .... · 1.... . o. 13 
386. 15 Asadoko.. . .. .. .. .. .. .. .. .. .. .. .. .. . 40 57 140 48 o. 31 140 .. .. . .. .. . o. 20 

386. 20 I Moura.............................. 41 01 ' 141 12 o 29 134 .. .. .. . .. .. o. 18 

~~::! ~:!~:~~:::::.::::::::::::::::::::::! :: :~I':::: I ::: :~ :::::.!::::::! :::: 
\ y;6. 45 11wanai ........................... · 1 42 59 uo 33 o. 07 155 ...... i..... . o. 17 

9 13 o. 20 81.5 2. 72 

9 14 0.18 73·9 2. 46 

9 19 o. 17 88.4 2.95 
9 20 o. 17 97. 8 3. 26 
9 21 o. 25 Sg.4 2.gS 

9 23 0.59 104.9 3.50 
9 25 o.sS 105.0 3.50 

9 25 o.66 103.9 3.46 
9 21 0.161 n6.4 3. Bl! 
9 22 0.18 118.4 I 3.95 

i' ' 
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I I 
l (K 1o+o,o). Cotidal hour. 

i i ~ 
Kio. 01. Oto. , P1. I Pio. S2. N2. 01. P1. ~ I I ol , I No. 

I M;:--M-;,-K---;.-~ q., 1. I s . ; t2 if. ::;: :,2 De- I,unnr d1~r': Diur-
I , , grees. hours. nnl. . nnl. 

--0-1 Fl. -o- -~!-o- --__ ' __ --1~-~ .. 1-o-r-·~ -1-0- --o- -l-,.-1- ~:--,,.- --·1 
: ' I I ' 

J92 I' 0.67 J83 I ..... 0.54 ...... 1 0.80 1.51 I 101··· ... [ 
10.18 3.48 357.4 

4. 53 357. 5 21:! o.6:z J94 ..................... 1 0.75 1 ••••• 1.45 - 1:z ...•.. 

no o. 85 205 I 1 
8 1. 87 - 14 ' ..... 

224 , o. 6o . 206 : : : : r: : : : :: ~: : : : : : >
1

· :: ~ : : : : : : . 1.7, 36 

206' 0.70: J99 ........... 0.38 ...... 0.71 !· .... I.6g 32 

217 o.8o 20J 
1 

..... 1 ...... 0.49 ...... : o,86 : ..... 1.73 J7 

lg8 0.78 192 1 ............ 

1

0.44 .... lo.So; ..... 1.751 33 
1g6 o. 75 18g ,. . . . . . . .. . .. o. 47 ...... 1 o. 7J , I. 80 35 

J98 o. 70 199 .. . .. . . .. .. o. 45 o. 74 ....... ; I. 65 29 

J97 ':· 71 196 .......... ·1· 0.49 1·.... o. 75 , ..... .: 1.66 33 
202 o. 68 18g . .. . . . . . . .. o. 43 

1
..... o. 70 , ...... : 1. 65 28 

197 0,6! J9l 0.44 I ..... 0.71 1 l.47 31 I 

200 0.72 193 , ............ 0.37 ...... 1 0.74 ..... , I.6g 28 ...... 1 

' I I 193 0.73 183 i ..... 
1 

...... 0.41 0.72 ..... 

1

1.74 

204 0.79 193 1 
..... "[""" 0.38 0.81 ..... 1.77 

203 o. &> 201 J ..... ._. . . .. . o. 35 o. 83 . . . . . 1. ;6 
212 0,76 I 201 1······i ...... 0.38 0.72 1.81 

33 

34 

39 
65 232 o. 7 [ l 2071, .... ·, · .. • .. o. 36 o. 68 [. 76 

225 o. 76 : 224 ..... .- . . . . .. o, 38 , . . . . . . o. 74 1. 79 I 35 

222 o. 74 ! 1 77 ...... ! . . .. . . o. 33 , .. . .. . o. 75 1. 73 36 
221 ; o. 67 ' 197 I • o 31 I . o. 66 

• I •• •· '1' •••• ' 0 •• 40 1.· .·.· .·.· .· 
221 ' o. 70 209 ...... I..... . o. ;8 1. 6o 31 

221 'o.6g 215 ............ 0,25 ...... ; 0.77 ..... 11.59 ·- 15 

22[ . 0.78 2o6 ............ 0.36' ..... ·, 0.91 · ..... 1 1.64 - 49 

236 o.68 2l! -. ..... i ...... 0.22 ..... i 0.76 J ...... 1.58 

1.68 

22 

18 

9 
J8 

J5 
18 

16 

6 

7 
- I 

J3 
6 

JO 

II 

JI 

25 

45 

J2 

6 

15 

25 

203 

212. 5 
215 

202.5 

209 

195 
192. 5. 

19'~·5 

lg6. 5 

J95· 5 
J94 
1g6. 5 

202 

2o6.5 

219.5 

224.5 

J99·5 

209 
215 

223.5 

194 o.55 J771· I o.52 ..... 10.75, ...... i.2S 

205 o.68 Jg6 1 ...... 1 ................ o.k7 I······ 1.46 17 9 200.5 

1g8 o.591·194 ...... 
1 
...... 0.59

1

._. ... 0.771 ...... 1.36

1 224 o.64 I' 195 ...... : ...... 0.53 :······, 0.75 ...... 1.49 ·-
220 o. 67 215 ...... '..... . 0.25 : ..... : o. 76 . . . . . . [. 55 

~~ ::·~~ :~?,1::::::!::::::1 ::;~ !·:::::; ::~~ :::::::i ::~ 
I . ' I 

254; 0.46 244 ...... j" .... 0.43 : ....... o.g6 ,'" .. '. 0.94 

.. ~~~.: :: :! :~ : : : : : : : i::::: : i :: ~~ : : : : :: :: ~ I::::::: :: ~: 
21! : 0.45 226 · ...... ·, ..... ii 0.44 ..... : 0.85 i ...... ! 0.98 

. I : 

266 o, 46 207 .. . . . . .. .. .. o. 46 ..... , 1. 21 . . . .. · o. 84 

320 ~.38 301 ...... ; ...... 0.54· .... •, I. 19 .,..... 0.70 

8 1 · I I I 63 321 0, 3 303 ...... "". · 1 0, 53 ..... 1 [. 27 . . . . . o. 

328 0.14 3o6 ::::::>.~::::::i ::
35
21 ..... 

1

0.61 : ..... 0.37 
329 0.17 314 .... ·, 1.o6 j• .... 0.33 
328 o. 20 3:.0 i .....• : ..... ; o. 38 ..... 

1 
1.05 '· ..... : 0.39 

13 4 lg6 
JO . , . . . 29 I 209. 5 , 

:~ 1:::::: ..... ~.i..~'.~:~J 
20 

34 
22 ...... I 

28 : 

JO: 

3 

20[ l 
249 I 

255.5 J 

35 ::::::1"~;~·!··~;~:~ 
31 . .. .. . - l ; 266. 5 

24 I 19'1 310.5 
12 tS 312 

27 317 
31 . 15' 321.5 

12.50 

13. 23 

13. IO j 

13. IO 

12. 53 

J3. 23 

13.47 
J3, 77 

1.35 

o.37 
0.62 

ll. 93 
ll.f8 

[[. 74 

11.93 
11.68 

o. 16 

0.81 

5.J9 357.6 
5. 46 362. s 
4. 67 1362. [0 
5. [0 . 362. 15 

4. J71362.20 
4.00 '362.25 

4, 41 362. 30 

4. 37 362. 35 
4. 26 362.40 

4. 13 362. 45 

4.28 362. 50 

3· 70 I 362. 55 
4. 38 I 362. 60 

4. 62 362.62 

4. gc 362. 65 ' 
5. 75 362. 70 

J4, 97 ' 2. 02 6. 05 362. 75 

13. 30 [. 71 4. 37 '362. 8o 

13.93 1.63 4.¢ !362.85 
J4. 33 2. 36 5, 36 . 362. 90 

14. 53 2. 63 5. 56 362. 95 

I.I· 23 2. I.6 5. 23 363 
J4, go 2. 29 5. 92 363. 05 

12.37 9.43 3.39 363.10 i 
13. 37 . 10. 33 4. 37 . 363. 15 I 
13. o; . 10. 33 4. 10 .363. 20 1 

'3· 97 I o. 03 5. oo .163.25 : 

14.50 !· .. ... . 363.30 
2. 02 .. . . .. . . 363. 35 

9.84 i 4.42 '363.40 

o. 40 I i. 92 ; 363. 50 
17.03 . o.66 I 8.33 !363.6o 

2. 50 363. 70 

14. 57 . 

lj. i7 : 
20. 70 

20.80 

21. 13 i 

21.43 ; 

21.60 i 

o.oo 

1.8o 

2. II 

11.95 
12.03 

I:Z.11 

353. 80 

363. 90 

363.95 

365 

379 
J2. 30 379. 5 

320 0.17 267?' ...... : ...... 0.40 ..... i 0.941 ....... i 0.35 
~~ ' : : : : : ! ..... ·~ 324 

·,•·· ... : 
~2.5 ! 22. 17 

332 22. 13 

5.50 

336_ o. 15 329 . .. .. .. . .. .. . . o, 39 .... ·I o, 83 I..... . o. 33 

336 o. 19 328 .............. o. 47 I. o6 o. 37 
I ; 

338 o. Ji 329 ............ o. 47 
352 o. 13 326 ' ...... : ...... i o. 28 

1.o6 0.33 
l.00 o.26 

43 
40 

39 

37 

8 

9 
26 

333 .. 5 22. 23 

339 22.6o 
' I ! o.3J 35 

J53 0.11 147 · ............ I 0,50 0.61 0.29 29 6 150 1 10.00 

6. I2 

6.oS 

J2. 94 385 

12.8: 385.5 ·i 
u.go 386.05 I 
13. 25 386. IO 

l. 35 386. J5 167 O.ll 155 ; ...... 11 
...... 1 0.53 J2 ! 10.73 

157 0.14 142 J .......... ! 0.45 0.78 0.32 30 15 149.5 ! 9.97 

342 0.16 346 ' ...... 1 ...... 1
1 

0.38 ...... 1.071 ...... 0.31 421:::.::1 -· 4 344 i 22.97 6.53 J3.62 386.40 

' o. 58 386. 20 

0, 55 386. 25 6.04 

_3_3_1_:..__o._1_4_:__3_2_2_?,_._ .. _·--'·1_._ .. _·_·~·-o_._39--'l.·_·_·_ .. _.-'-0-.8-2--'-._·_·_ .. _·'--o-.3-1·-~~~----9- 326.51.~2_1_.1_1 __ 6_._5_8 __ 1_2_.4._0_3_s_6._4_5_ 
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Geographic position. 

No. Station. 
Lati
tude. 

\ __ :1_1~0-0. __ 
1 

I Longitude. Mo. I I no. &..0
• I No. No0

• Kz. 

I g~";s. '~~:;::. [ 

--- ·-- --·-------1----i~ Time. -- ___ i ___ ---1--------
1 ~;AST COAST 01" ASIA-eontinued. I "· "'· Fl. 

0 
"· Fl. ' 

386. 50 Otani ............................. . 
386. 55 Raigishi ........................... . 
386. 6o Hamamashi. ...................... . 
J86. 65 Rumoye ........................... . 

386.70 

386. 75 
J86.Eo 
388.2 

388.4 
JBB.6 
388.8 

389. 2 

389. 4 
389.6 

389. 8 
39c:>.2 

1390.4 
390.7 
390.8 

392.2 

392.4 
392.6 

392.8 

394· I 

394. 2 

394.3 

394.4 
394.45 
394.5 
394.6 

394.7 
394.8 

395 
395.5 
400 
400. 2 

400.4 
400.6 
400.8 

401 
4or.2 

4oi.4 
402 

1402. 2 
402.4 

403 
403.2 

403.4 
403.6 

414 
414.2 

414,4 

Tomamae ......................... . 
Wakanai .......................... . 
Oshidomari ....................... . 
Mimitsu ........................... . 
Kagoshima . . .................... . 
Yamakawa ........................ . 
Misumi ............................ . 
Wakatsu .......................... . 
Fake saki shima .................. . 

Haedomari ...................... ·I 
Kuchinotsu ....................... . 
Ike11oura ...... .................... . 

Ushibuka ......................... . 
Tomioka .......................... . 
Senzokushima, Zogoseto ..... .... . 
Kogozaki ......................... . 
Sasebo ............................ . 
Ainoura . .......................... . 
Wamakatsu (Goto Island) ........ . 
Kamoize .......................... . 
Nishidomari ......... · ............. . 
Shimayama ....................... . 
llirugaura ...... , .................. . 
T Sh' S d SU una oun .................. 
Izuhara ............................ 
Kazamoto ........... ............... 

Gonoura ... ......................... 
Kurotojima ....................... 
Fukushima ........................ 
Hoshigaura ....................... ·\ 

~:~:~~: : : : : : : : : : ~ : : : : : : : ~ : : : : : : : : ~: : I 
~:~~·::::::::::::::.::::::::::::::\ I 

Naka ......................... ..... 
Tamsui ............................ 
Kiirun ............................. 
So-o ............................... 

Miyakojima ......... ·· ·. ·· ·· ·······I 
J?unauke ..... ..................... 
Taketomljilna ..................... 
Gyo-o-to ............................ 
Santakuto .......................... 

Hatto retto ....................... ·1 
Toko, Formosa ..................... 
Sosaingpho ........................ [ 
'rsauliang Hai....... . ............ 

1 I Douglas Inlet ................ · · · · · 'I 

0 I 0 I 

Nor/Ii. East. 
43 12 140 00 

43 20 140 24 

43 :;6 141 23 

43 56 141 39 

44 19 141 39 

45 25 140 40 

45 14 141 14 

32 20 131 37 

31 36 130 34 

31 12 130 38 

32 37 130 27 

33 07 130 20 

32 57 130 14 

32 47 130 22 

32 36 130 II 

32 23 130 21 

32 12 130 01 

32 31 130 02 

32 34 T30 29 

33 o6 129 40 

:l3 IO 129 43 

33 II 129 39 

32 53 129 0 

34 40 129 n 
34 39 129 28 

34 19 129 18 

34 19 129 16 

34 17 129 21 

34 II 129 17 

33 51 129 41 

33 44 129 41 

33 23 129 33 

33 24 129 48 

33 23 129 40 
28 27 131 30 
28 14 129 15 
26 40 128 00 

26 381 127 53 
26 23 127 40 

25 II 121 24 

25 09 121 45 

24 35 121 52 

24 50 125 II 

24 20 123 44 

24 09 124 05 

23 37 119 31 

23 38 1l9 31 
23 21 ll9 31 
22 28 120 27 

35 28 129 25 

35 o8 129 02 

35 02 128 48 

9 20 0. 17 IIJ.O 

9 n o. 15 111.8 

9 26 o. 15 10;.6 

9 27 

9 27 
9 23 

9 25 
8 46 

8 42 

8 43 
8 42 

8 41 

8 41 
8 41 

8 41 
8 41 

o. 14 125. 4 

0.15 132.9 
o. 07 Bo.6 

0.09 136.0 

1. 71 178. 9 
2. 54 205.; 

2. 44 205. I 

3.94 256.6 

5. 27 26i. 9 
5, 25 259. 2 

4. 36 259. 4 
3. 18 242. 9 

3· 45 253. l 

8 40 2.75 226.1 

8 40 2.93 219. 0 

8 42 3· 83 249. 9 

8 39 2.73 238.1 
8 39 2. 84 24~. 8 

8 39 2. 90 230. 9 
8 36 2. 73 250. l 

8 37 1.54 253.9 
8 38 

8 37 
8 37 
8 37 
8 37 

8 39 

8 39 
8 38 

8 39 

8 38 
8 46 

8 37 
8 32 
8 32 

8 31 
8 o6 
8 07 
8 07 
8 21 

8 15 
8 16 

7 58 
7 58 

7 s8 
8 02 

8 38 
8 36 

8 35 

J, 12 

2. 16 

2. 17 

3.97 
I. 72 

I.96 
2. 17 

2. 69 
2.38 
2. 18 
I. 82 

I. 71 
1.72 

r.85 
r.86 

3· 36 
0.73 
I.So 

I. 65 

I.49 

i.47 
2.94 

3·99 
2. 43 

0.591 
0.54 

1. 34 

I 1.85 
I 

249.5 

255.9 
259.1 
275· 6 

25r.o 
270.0 

27r.9 

250. 7 
277· 7 
258.4 
199.2 
211.3 
1¢.2 

197.0 

197-5 
311.7 
277.3 
185. 0 

215.9 

199.9 

197.4 
332.4 

323.9 

134,5?1 
242.5 
209.1 

232. 7 

240.0 I 

3. 70 0, 07 

3. 73 o. o.~ 

3.59 o,o6 
4. 18 0.07 

4.43 o.o8 
2.69 0.07 

4.53 o.o6 
5.g6 0.67 
6.86 I.20 

6.83 I. 16' 

8.55 I.70 
8, 73 2. 23 

8, 64 2. 37 
8.65 1.81 

8, '° I. 42 
8.44 I.47 
7.54 I.2I 

;.30 r.36 

8.33 i.63 
7, 94 I. 24 

8. 23 r. 31 
7.70 1.28 

8.34 I. 211 

8.46 o. 76 

.19 
8. 37 
9.00 

9.o6 
8.36 

9.26 
8.61 

6.64 

7.04 
6.54 

6.57 
6.58 

10. 72 

9. 24 
6.17 

1. 20 I 
6.66 

6.58 
ll. o8 

10,So 

4. 48? 

o. 59 

0.95 
I. 04 

1.51 
o.86 

0.91 

1. 05 
I. 16 

I. 17 
I. 14 
0.78 

o.84. 
0.77 
0.65 

0.85 
0.87 

o. r3 

0.44 
o.6g 

0.64 

0.65 
0,74 

1. 15 

0.36 

8.o8 I 0.241 
6.97 o. 28 

7.7610.641 
8.oo 0.93 

Fl. 0 Fl. 

144 ······I······ o. 18 

139 ::::::1:::::: o. 17 

153 0. I6 

157 I o. 17 

159 .·::::c:::: 0.15 

156 ······!······ o. 19 

156 ······ ...... o. 17 

200 .•... ·i"· ... 0,71 

2311 ..... ·1 ...... 1· 0.82 
23:i ...... · ...... 0.84 

290 ..... ·1··· .... 0.87 

301 ..... "!"" .. 0.82 
296 ...••. 1 .... ,. 0.92 

:~ :::::r:::: ::: 
::~ .::::r:::: ::: 
:!~ : : : : : : I:::::: :: ~ 
:~; : : : : : r::: : ~: ~; 
256 .•.••......• 0.81 

283 .•..•....... o. 78 

274 ...........• o. 27 

313 
288 

298 
303 
272 

305 
287 
231 

234 
228 

231 
222 

6 

285 

209 
240 
016• 

217 
20 

6 

2761 

233 
246 
261 

268 

o.C<} 

0.37 

0.40 I 
........... ·1 0.92 

. .... ·1· .... ·1 o. 24 

. .•........• 0.51 

·····-!-·····' 0.51 
..... 1 ...... , 0.64 
.•.......... 0.63 ..... ·i· ..... , 0.58 
...... 

1 

...... I 0.65 
......••.... 0.70 
•.•.....•... 0.64 

.••... 1 ...••• 0.61 

...... , ...... o.68 

............ <>. 72 

······ ...... 0.64 
...... ...... 0.64 
...... ······ 0.55 

····· ...... o. 70 

...... ...... 0.62 

...... ······ 0.79 

...... ...... o.Sg 

······ 0.81 
...... : :: :: :10.58 
...... ..... I o, 09 

............ 1 o. 13 

······\······1 o. 28 
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K,o. 01. II 0,0. P1. p,o. -~··-1-"°c_ _2!o_ :_P,~ i ~ ~ ~ !(Ko•+Oo•) j c.<>0•11 hour. I! No. 

· M2. M2. Ki. Ki. , ~ 0 ci,. o Semi· 
, Jl :;; :2 De- I,unnr diur- Diur-

1 

grees. hours. , nnl. , nal. 
' ' -o ~1-:-1~:-~-----~-o -o -0--0--,,-. II_"_· 1~1-

340, O.I6: 322 ;-·•••• ..... , o.4I !·••••• 0.89 0.34 33 I8 33I 22.07 6 '7 I 12.741386.50 

344 1. o. Is , 324 : ........... I o. 53 . . . . . . . o. 88 o. 32 27 20 1 334 22. 21 6: ;6 I I2. CJO 386. s5 I 
339 o. I8 : 321 ( .... ...... 0.40 : . . . ... I. 12 o. 34 46 I8 330 22. 00 6. I6 12. 571

1
386.6o 

326 O.I7 3.34 ............. 0.50 ...... 1.00 0.34 32 - 8 330 22.00 6.73 I2.55 386.65 

334 o. I7 324 ; ... ••• ...... 0.50 ....... I. I4 0.32 26 ••••·· IO 329 21.93 6.¢ 112.48 386.70' 

36o O.I6 322 i ...... ······ 1.00 · ...... 0.84 0.35 751······ 38 34I 22.73 5.3I I3.35 386,75 
344 O.I8 338 ............. 0.67 ! ...... I.o6 0.35 20 ,...... 6' 34I 22.73 ! 7.11 I3-3I '386.80 
I85 0.57 I68 ............ 0.39 ...... 

1 

o.So x.28 2I I7 i I76.s II.77 9.I9 3.00 j 388.2 

I84 o.61 I78 ............ 0.47 , ...... 0.74 1.43 25 6 IOI I2.07 IO. I6 l 3.37, 388.4 
I95 0.70 I78 ........... 0.48 '. ..... 

1

0.83 1.54 28 I7 f I86.5 I2.43 IO. II 3.7I 388.6 

202 0.64 !&) ............ 0.43 .... 0.74 x.51 33 I3 I I95·5 I3.03 11.85: 4.33 388.8 
215 o.6o I93 ............ 0.42 ....... 0.73 x.42, 39 22 204 13.60 0.05: 4.92 389.2 

208 0.69 I97 ...... ······ 0.45 0.75 x.61 I 37 II 102.5 IJ.50 II.¢ 4.82 389.4 
209 0.69 I94 ...... ·••••· 0.42 0.77 1.5?, 40 IS 201.5 I3-43 II.97 4.75 389.6 

2to o.~ 193 ........... 0.45 0.84 ..... ·J x.51 J 44 I I7 20x.5 I3-43 11.42 4.75 389.8 
2to o.6o 1¢ ........... 0.43 o.68 ...... i i.48 30 ...... I4 203 13.53 I1.76 4.85 390.2 

195 0.65 I87 .... .I. ..... 1 0.44 0.701····· .. x.sS 26 8

1

191 12.73 to.87 4.o6 390·4 
199 o. 65 183 ..... 1 ...... 1 o. 46 o. n ...... i I. 49 36 16 191 12. 73 to. 63 4. o6 : 390. 7 

207 0.67 183 r--····I······' 0.43 o.68 ,······i i.65 42 24 195 i 13.00 II.63 4.30; 390.8 
201 O. 6o 192 ..... , · · ... · O. 45 O. 76 I'. .... "' I. 39 32 9 1¢. 5 I3. to I I. 29 4• 45 i 392. 2 
214 0.63 I¢ . 0.46 0.77 .· .... ·I I.45 28 I6 2o6 13.73 II.58 5.o81 392.4 II 

200 0.65 :93 I 0.44 o.So I· ..... 1 1.46 25 7 I¢.5 13. Io II.05 4.45 392.6 

204 0.58 1¢ ::::::1:::::: 0.44' 0.74 i······J I.36 33 8 200 I3-33 11.74 4.73 392.8; 
216 O.I6 209 ............ 0.49 ;•·••·· 0.59 r·•••••• 0.43 20 7 212.5 I4.I7 II.84 5.55 394.1 
217 o. 11 248 ............ 0. 53 . . I. 22 ! O. 20 32 -31 232. 5 I I5. 50 II. 69 6. 87 394· 2 

20I 0.31 203 ............ 0.44 0.84 i······ o.68 24 - 2 202 13.47 11.91 4.85 394.3 
197 o.3I 197 ............ 0.48 ...... 0.77 j······ o.7I 29 198.5. I3.23 0.02 4.6o 394.4 

185 0.54 I67 ••••·· ··•·•• 0.49 ·•••··10.59 ;······ I.46 37 I8 176 II.73 0.57 3.10 394·45 
211 0.18 I91 ............ 0.50 ...... 0.75 :······ 0.42 37 I7 202.5 I3-50 11.75 4.88 394.5 

242 O.H 235 ·····T····· 0.46 ...•.. o.86 ' ...... 0.95 28 7 238.5 15.90 0.35 7.25 394.6 

227 0.42 228 ··.·.·.·.·.1::::·.: 0.48 •••••• 0.82 ...... 0.93 31 - I 227.5 I5.17 0.4I 6.52 394·7 
220 o.6o 212 0.43 ...... 10.94 ...... i.24 21 8 216 14.40 11.7~ 5.77 394.8 
230 0.51 224 ............ 0.49 i ........ 0.81 ...... I. I4 27 6 227 I5.13 o.6I 6.48 395 
235 0.52 216 ............ 0.52 1· •••• ", O.C)O I. IO 29 19 225.5 IS.03 lt.981 6.40 395·5 

191 0.47 I8I ............ 0.431······· 0.72 ...... I. I2 32 to 186 12.40 9.87 3.63 400 
20I o. 54 rg6 . . . . . . . . . . . . o. 49 ...... 1 o. 77 , . . . . • . I. 24 23 5 198. s I3, 23 to. 42 4. 6I 400. 2 

I95 o. 51 192 . . . . . . . . . . . . o. 45 . . . . . . o. So . . . . . . x. I5 32 3 193. s 12. 90 Io. 01 4. 37 400. 4 
202 O. 52 184 .. . . . . . . . . . . O. 35 O. 85 I. I3 34 18 193 12. 87 to. 04 4. 34 400. 6 

195 O. 50 193 , ........... O. 46 O. 74 I. I8 24 194 12, 93 IO. 00 4. 41 400. 8 
240 0.58 2I7 ............ o.26 o.8I I.30 44 23 228.5 15.23 2.62 7.I3 40I 
I241 0.48 205 ............ o.I8 0.75 I.12 8 ......... ... l.I2 40I.2 

I 217 o. 57 207 ... '"l ".' .. o. 24 o. 89 

235 o.5I 2I2 ·····•'····· 0.42 0.9:1 1.00 

I. 21 

:: ~ :?s : : : : : : : : : : : : : :: :; I· : : : : ·I :: il . : : : : : : ' : : :: 
I6 

20 

48 " ..... 
i 42 : ...... 

2o8 

209 
27I 

264 
268? 
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0.72 250 ............ 0.15 , ...... 0.89 ...... 1.53 ' 
0.841 231 ······:·····10.29 ,. ..... 10.94 ...... 1.73 

::~~I ;~: :::::: :::::. ::;: l::::::I ::~~ 1.::::: ~-:~ -~~~f :::: 35 
I30 
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IO 

23 
II 

13 
26 

33 
18 
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; 
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259' 
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I0.5 

I37 

143 
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17. 20 . 

16.50: 

10.05 
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10.41 

to.3I 
3. 11 
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9. 23 403 
8. 53 403. 2 
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414. 4 I 
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1--------~-~- -------- ---
Geographic position. ; 

No. Station. Longitude. I M.. ·I 
Lati- ' De- 'Lunar! 
tude. 1 .' 

1 

grees. \hours. 

--------------- ---~I Time. !-- ______ :;--- ____ ------~-- ---~ 
---i OCEANICA-coutiuued. 0 ' ' fl. m. i Fl. 0 !l. Fl. Ft. 

o. 221

1 

0 Ft. 

I Nor/It. East. I 
637. 5 l Halsey Harbor...... . . . . . . . . . . . . . . . 11 48 119 57 8 oo o. 78 311. 1 10. 37 . o_ 33 4 

641 i Olongapo .... _ .............. - . . . . . . 14 49 120 17 8 01 ' o. 56 292. 9 9. 76 ! o. 20 325 

0.98 
0.90 

0.84 
0.85 

0.89 

o. II 

642 i Santa Cruz.......... ... .... ....... 15 46 II9 54 8 oo ! 0.38 271.0 9.03 ! o.o6 324 

643 lnolinao .......... 1624 II954 800 0.32\278.3 9.28;-0.12 313 

o.oy 
I 

:~ I~:~~~~::::::::::::::::<:::>:::: :~ :: ::: : 8 00 

8 15 

275.9 

1;4. 7 

9· 20 j o. 09 

5. 82 o. 77 

311 

199 

O. JO 250 

o. 29 J50 o. 53 

680.5 
681 

681.5 

682 

682. 5 

683 

683.5 

684 

689.5 

8ro 

81I 

910 

925 

943 

95i 

!000 

1001 

1002 

1003 

1004 

1005 

!Oo6 

1007 

1oo8 

1009 
10[0 

1011 

1030 

Gambier Island ................... . 

Wellington ......... _ -...... _ ...... . 

Port Chalmers .................... . 
l'ort Darwit1 ...................... . 
Cook town ......... _ ...... _ ........ . 

Cairns Harbor .................•... 
Brisbane Bnr ......... ............. . 

Ballina ..............•.............. 

Newcastle ...................•...... 
Princess Royal Harbor .......... . 

JNDIAN OCEAN. 

Navar1ar . ........................ . 
Hanstal .............•.............. 

Suez ............................... . 

Diego Saurez ..................... . 

1.'amatnve . ........................ . 
Mayotte ........ - .................. . 
RCunion Islnntl .................. . 

Sou/It. /Vrs/. 

23 o8 135 00 

East. I 
174 46 

172 30 I 
130 37 

145 15 

145 47 

153 00 

153 33 

151 44 
118 00 

41 17 

45 50 
12 23 

15 27 

16 55 
27 31 

28 52 

32 57 

35 o.9 

22 44 

22 56 
JVor/}z. 

6<) 43 

70 21 

29 58 32 32 

Sou/It. 
12 25 

J8 IO 

I2 4i 
2I 20 

49 20 

49 28 

45 20 

SS 28 

"'EST COAST OF AFRICA AND 
f;tJROPE. JVorth. 

Dakar •......•...••..•............. - '4 40 

Toulon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 05 
Rochelle .. _ . . . . . . . . . . . . . . . . . . . . . . . . 46 O<J 

Hull.. 53 44 

17 25 

5 55 
I O<) 

U?esl. 

0 20 
1 East. 

9 00 0.89 

II 39 1.6o 

II 30' 2.39 
8 42 I 6. 56 

9 41 j 1.8j 

943ir.g6 
IO 12 . 2. 20 

IO I4 ! I.o8 

IO Oj I I. 6o 

7 52 ' o. J6 

I 
439'6.04 

4 41 l 6. 85 

86 

137. I 

99.0 

144 
282 

282 

290 

262 

249 

339 

24.4 

45.6 

4. 57 0.09 

3. 30 o. 27 

4. So I 3.44 

9· 4° o. 79 
9.40 J. J2 

9.67 0.58 
8. 73 o. 28 

. 8. 30 o. 39 

I II.30 0.26 

o.8I 

I.52 

1.89 
!. 93 

2 JO, I.85 J42.4 II.41 0.45 

3 17 

3 18 

3 01 

3 42 

2.10 

I ·IO I.54 

0 241 o. 20 

0 05 5. 82 

0 OJ 

II 1 

49 
[2[ 

79 

175. 8 

7. 47 
8.20 

3.08 

5. 86 

0.56 

o. O<) 

2. lI 

38 _ ....•..... ·I 0.07 

325 o. 35 

g6 0.47 

193 1.04 

258 0.45 

245 o. 66 

315 o. 46 

275, o. 20 

265 0.35 

342 o. 07 

55 
85 

I. 26 

I. I9 

J04 o. o8 
70 o.o8 

121 1.91 

239 o. 29 

26<] o. 87 

288 0.59 

254 o. 45 

235 0. 51 

17 o. 62 

II 

26 
1.53 
1.50 

o. 6o 313 o. 16 

77 - ..... - •... 

o.39 

0.07 

0.56 
o. 16 

264 ...... - . . . . . o. 20 

250 I o. 05 226 o. IO 

126 l.22 72 0.21 

228 I. 25 

Hook of Holland . . . .. . . . . . . . . . . . . . 51 56 4 05 , o 16 2. 54 72 2. 40 o. 65 131 o. 43 44 o. 25 

Ymuideu........................... 52 28 4 33 I o 1812.20 !13 3.77 0.5<; \ 18o 0.35 89 0.25 

Helder ..... - -.............. - . . . . . . . 52 57 4 461 o 19 I. 74 171 5. 70 o. 50 I 238 o. 26 151 o. 18 

:~'.~;::~~~!;:.::::::::::·.·.::::::::::: ~:~~ ::~ ::! ::!~ ::: :::~ ::::! ~ :::~ : 
Arendal . . . . . . . .................... 

1 

sB 27 8 46 o 35 o. 28 100 3. 33 o. 09 I 68 o. 08 64 

Stavanger ........... - - . . . . . . . . . . . sB 59 5 44 o 23 o. 48 282. 5 9. 42 o. 22 332 o. 10 264 

Bergen ............. _ ...... - . . . . . . . . 6o 24 I 5 oS o 21 I. 44 297. 5 9. 92 o. 52 334 o. 28 270 I o. 11 

;,~:i~:~~~:::::::: :: :::: :: :::: :: ]. ··:~·:~ :; :! ··:·:,·. ::~i- ·;~:~·. ;;::· :::·.·:~·I::~:···;~· ::~·1· 
Kabelvaag ............. _......... 68 13 14 30 o 58 2. !)8 3. 5 o. 12 !.o8 . 44 . o. 61 340 o. 34 

Narvi~ ···················I····--··· ....... ·······1······!····· .. , ....... ····· ······I····--····· ····-·i 
~::~~~k.: :: :: : . :: :: : : :: : : :: :: : : : : :: :1· .. ;~· 2~ ,. -~;·~ r. ~- ;,.;-; ·;:~~·I·;~;:~·!.-~::~. ·~:~~ ... ::;;l ~: ;~ ... ;~~-[ -~: ;~ .. 

I Teplitz Day ...................... [ 81 47 58 04 J 3 5~, 0.471168.4 
1 

;;.61 0.17 230 :-····· -·····10.091 
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'l. ~ i (K,o + o,o). Cotidnl hour. I' 

NO p 0 i Z 0 
01. 0,0, 1'1. p,o, S2. __ ,_. ---~' 1. + l I No 

--r;i;- M,. K,,1 ~ " I 0 0 I ' ! • • • 
t::4 jj .; ~ De- I..unar I ~t;nn- Diur-

~ grecs. ' hours. 1~~[.- nal. \ 

-o- Ft.-i-o-~~ __ o ___ --------- Ft. _o ___ o_l_o--o- -,,-i-h-. ---h-. -1--
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20. Note on the measurement ef tides at sea. 

The measuring of the rise and fall of the tide at sea has seldom been undertaken 
because of the difficulties connected with such operations. 

By ancho~ing a boat from either end and frequently measuring the depth of the 
water (about 20 fathoms) over an even bottom, Captain Hewett, R. N., ascertained that 
there was practically no rise and fall at a point between Holland and England. This 
has been taken to be a no-tide point in Fig. 22, and it agrees well \Vith the location 
inferred from the tide along the coasts.* 

More recently, attempts have been made to ascertain the rise and fall in shallow 
bodies of water by means of pressure gauges. The gauges have generally been placed 
upon the bottom. It has be~n suggested that a suitable anchorage and several guys 
might be arranged which would allow the gauge to be floated just below the action of the 
storm waves, thus reducing the total pressure of the superincumbent water column. If 
the gauge is not too far below the surface, the pressure may be exerted upon a tube of 
merct:ry closed at one end. · 

In the Surveyor (Sydney, Australia), Vol. 16 (1903), pp. 25-28, Mr. G. H. Halligan 
describes a gauge designed to be submerged in small depths, and in which the pressure 
is measured by a column of mercury. Capt. Adolf Mensing, of the Imperial German 
Navy, has designed an elaborate self-registering tide gauge which works in depths not 
exceeding 100 fathoms. The instrument does not measure the total pressure, "but the 
difference between the total pressure and the pressure for an assumed depth, which does 
not quite equal the actual depth of water. 

In 1903 Captain Cust of the Triton secured tidal curves by means of a pneumatic 
tide gauge in the North Sea, on Brown Ridge, Swarte Bank, and the northwest corner 
of Dogger Bank. "f 

It seems to be worth while to point out the difficulty of getting a good instrumw
tal range when the pressure is exerted upon a column of air contained in a pipe closed 
at the upper end. Let l denote the length of the pipe and J' the distance from. the 
upper end of the pipe downward to the surface of the water which enters it, i. e., y 
denotes the length of the air column. Let n denote the number of atmospheres which 
measure the pressure at the mouth of the pipe. c·onsequently, when the pressure is n 
atmospheres, the length of the air column will be In (=;1)and the depth of the mouth 
of the pipe below the surface will be 

(n- r) 33 feet ( =z). 
l ·. dy=---dn, 

n• 

dz= 33 dn; 
I / 

d_y= --· - dz= 
33 n• 

33 l dz 
(z+33)• · 

(31) 

This shows how very small is the change in the length of the air column when the 
depth is altered by a given amount dz. 

*Report B. A. A. S., 1841, II, pp. 32-35. 
t Report on Admiralty Surveys for the year 1903, p. 5. 
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The most reliable means for measuring the tide away from the coast appears to be 
a sounding apparatus consisting essentially of a piano wire attached to a heavy weight 
composed of material of little value, such as a box or bag of stones or gravel. The 
weight when once cast is to remain immovable on the bottom and is not to be recov
ered. The wire when drawn taut will indicate whether or not the vessel is directly 
over the weight. The aim of the observers on board is to so maneuver the boat that 
the wire shall become approximately vertical as many times as possible throughout the 
period of observation, and at each such time to note the depth of the water. There cer
tainly can be no serious difficulty in measuring tides in a few hundred fathoms where 
the surface of the water is reasonably calm. For, the tension can be made' sufficiently 
great for eliminating the errors caused by the sag of the wire resulting from its own 
weight combined with the impulse of the tidal current. 

By aid of this apparatus ancl suitable floats it is probable that permanent currents 
can be measured at sea in any depth of water.* 

2 r. A7ote concerning tl1e .fundamental SJ'stems. 

The principal systems upon which the semidiumal ocean tides depend are shown 
in Fig. 23, and described in §§ 72-78 of Part IV A. These constitute a rational scheme 
with reference to which observed facts can be arranged and, in a measure, interpreted; 
in fact, they make it possible to estimate the time of tide in various parts of the 
ocean itself. 

By aid of the cotidal lines and ranges as now shown in Figs. 6-4 r, it would doubt
less be possiole to modify the systems in. some details. This, however, would require 
considerable time and study; and the results obtained by aid of the modified systems 
cou.ld hardly differ much from those depending upon the original. · The following are 
a few suggestions: · 

The half-wave are·a extending from Mozambique Channel to Baluchistan and India 
has in§ 73, Part IV A, been described as if belonging to the South Atlantic system. 
It will be noted in § 26 that it is mainly a dependent area having tides sustained by the 
South Atlantic and South Indian systems and modified by the North Indian system. 

. The southern nodal line of the North Atlantic systems should probably have been 
drawn more nearly parallel to the coast of South America, thus bringing its eastern 
end nearer to the Cape Verde Islands. 

By referring to Figs. 35, 36, 37, and 39, it appears that the nodal line from Japan 
might be extended southward to the equator, and that the northern shores of Celebes, 
Gilolo, and New· Guinea might be regarded as forming a portion of the southern 
boundary of the North Pacific system. 

It seems probable that. the South Pacific system should be considered as comprising 
little, if anything, besides the L-shaped figure shown.on the chart of systems. With 
this view of the case the nodal line south of the Hawaiian Islands and· belonging to the 
northern branch should be moved southwesterly, or toward the Fiji Islands. The 
southwesterly ·progression toward these islands probably helps to explain the tides in 
the vicinity of this line. It is probable that the nodal line near New Zealand should 
be moved southeasterly. 

*See Science, Vol. r9 (1904), pp. 704-7o6. 
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22. Remarks on tidal problems. 

While I believe that all candid readers of Parts IV A and IV B will recognize 
therein a partial and approximate explanation of the tides, I also believe that more 
comprehensive modes of treatment will be desired and undertaken by the analyst. It 
is here proposed to show what are some of the difficulties to be encountered. 

For many years after the time of Laplace, nearly all writers on tidal theory followed 
closely in his footsteps and laid great stress upon the tides in an hypothetical sheet of 
water which either covers a rotating globe or constitu~es a zonal sea, the depth being 
assumed to depend upon the latitude but not upon the longitude. More recently it has 
been recognized that an important step toward the complete solution of tidal problems 
is the determination of the free periods of the bodies of water upon a rotating globe. 
The hopelessness of this undertaking can be easily seen upon recalling the fact that the 
mode and free period of a plane rectangular body of water rotating about a vertical line 
have never been determined. The free oscillation of a circular sheet rotating about a· 
central line can, however, be found by aid of Bessel's functions.* Laplace succeeded 
in finding so.lutions of his tidal equation for a rotating globe covered with water. But 
the possible modes of free oscillation for an ocean covering a globe uniformly has only 
recently been investigated by Mr. S. S. Hough in the Philosophical Transactions. If 
the effect of rotation be ignored, spherical sheets of water bounded by meridians or par
allels of latitude or both can be treated by aid of general spherical harmonics. These 
results are, to say the least, not very encouraging. 

· The real tidal problem presented to us by nature is concerned not so much with the 
possible free oscillations of an ocean as a whole as with those oscillations which may 
exist across certain parts of the ocean and whose free periods are nearly equal to the 
period of the tidal forces. 

Consider for the moment an oscillation between two opposing walls placed in a 
broad tank of water at such a distance apart as to best respond to the impressed periodic 
forces. If one or both of the lateral boundaries be wanting, the deflecting force caused 
by rotation at a moderate rate about any vertical axis can have little to do with the 
oscillation because its effect can not accumulate. Even in the case of a rectangular 
body of water bounded on all sides by rigid walls, the deflectfog force due to rotation 
would not, excepting for certain critical widths, seriously alter the mode and period of 
oscillation. The approximate effect upon a narrow rectangular body can be seen from 
§ 1 I, making (j = o for the case of .a plane sheet of water. 

In nearly all cases of tidal oscillations rigid lateral boundaries are incomplete. 
The problems seeming to require first attention are those relating to the free oscillations 
of such bodies disregarding in the first instance the deflecting force of the earth's 
rotation. It is probable that similar problems relating to . plane sheets of water if 
capable of satisfactory solution cquld be readily extended to sheets upon a sphere. A 
somewhat analogous subject is that of the vibration of a stretched membrane where a 
portion of the rigid boundary is wanting; but the analogy is obviously incomplete, 
because we are in this latter case concerned only with the membrane itself. The 
problem of an open organ pipe is in some respects more nearly analogous to the one in 
question, for account must be taken of the motion of the air outside of the pipe as well 

*Lamb: Hydrodynamics, ~~ 201-203. 
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as of the air within. It seems probable that experiments, if carefully made by aid of 
suitable apparatus, can throw much light upon the movements of the water particles, 
especially along the free boundaries of imperfectly inclosed areas. 

Many tidal problems of minor importance require attention. One intimately 
connected with the problem just referred to is the law of transit.ion of the times of the 
tide between two nonsimultaneous areas in the open ocean (lemma 25). Another is 
the transition or sequence' of the times experienced in passing through a strait 
connecting two independently tided bodies; or bodies whose tides are not independent 
of each other. Another problem relates to the possibility of equilibrium tides in a gulf 
or partially inclosed sea.* 

Questions relating to the resistances in liquid motion and to the nature of flow at 
various depths will be considered in Part V. · 

The resistance referred to in Chapter VI, Part IV A, is assumed to be small and to 
vary as the first power of the velocity of the moving particles. This assumption gener
ally permits the character iJ.nd period of the motion to remain the same as it would have 
bee1i had no resistance (and so no sustaining force) been involved. The amount being 
kept in abeyance leaves the absolute value_of the amplitude of tide undetermined. Even 
if the amount of resistance were known, the fact that the free period of the body differs 
somewhat from the period of the forces will directly affect the amplitude of the tide. 

Many important conclusions respecting tides in canals, where friction (proportioned 
to the velocity) is taken into account, have been reached by Airy.i" For simplicity 
such matters have not been brought into Parts IV A and IV B, although a complete 
explanation of the tides in shallow bodies of water must depend largely upon them. 
For instance, Airy shows that in a canal stopped by a barrier the tide can not consist of 
a stationary wave alone, but that the resistance encountered necessitates a wave pro
gressing inward and up the canal._ 'Observations show that, however suddenly termi
nated a shallow bay or river may be, the stationary wave is always accompanied by a 
progressive one, although it is hard to find examples in which other causes are not also 

· operative. It is not probable, however, that progressions found in deep bodies often 
owe their existence to the frictional resistance experienced by the bodies themselves. 

The effect upon the tides of the attraction of the water in its disturbed state can be 
safely assumed to be small. (See Fig. 6.) 
---------------------------- ------------···· 

*See Bulletin of the Philosophical Society of \Vashington, Vol. 14, pp. 93--99· 
t'fides and Waves, Arts. 315-346. 



CHAPTER V. 

!·THE SEMIDIURNAL TIDES IN THE INDIAN OCEAN. 

23. The Indian Ocean north of the thirtieth degree of south latitude is, with one 
exception, but little influenced by the tides of other waters. The exception is due to 
the fact that there is a good rise and fall around southern Africa and in Mozambique 
Channel, where the tide depends upon two systems of oscillations which are determined 
by boundaries l:'.lrgely outside of the North Indian region. These systems, styled South 
Atlantic and South Indian, are described in Chapter YII, Part I\' A. It may be noted 
h~re that observations indicate about I.5 as the Greenwich lunar time of high water in 
Mozambique Channel, and that this is about the theoretical time of the tide, for it is a 
mean between XII or o and III; see Fig. l, which is taken froin the chart of semidi
urnal systems in the Part just referred to. Extending from l\fozambique Channel to 
Baluchistan and India is a half-wave area whose time of tide, as will be noted later, is 
largely governed by the tide in the channel. 

24. The North Indian SJ'stem. 

This system consists of the canal-like whole-wave area extending from the north
western coast of Australia to the coast of Somaliland and Arabia, and of a dependent 
fractional area, viz., the Bay of Bengal. Since the eastern part of the whole-wave area has 
much greater depth than the western, there are some advantages in regarding the whole 
strip as two half-wave areas. 

First of all it is required to ascertain the theoretical times of high water at the 
loops (i. e., ends and middle) of this strip by applying thereto arrows which denote the 
intensity and direction of the tidal forces at as many points as we find it necessary to 
take. In this instance the two points where the axis or central line crosses the two 
nodal lines will probably be sufficient. The positions of these points are about latitude 
12,Yz~ south, longitude 103° east, and 3.Yz 0 north, 67U 0 east, respectively. The 
trend of the axis of the eastern half of the canal is about south 7 5 ° east and of the 
western half, north 58° 401 west. The free period of this body of water being reason
ably close to a half lunar day for a binodal mode of oscillation, therefore the elongation 
of the particles, and the high or low water, must happen when the virtual work of the 
impressed periodic forces becomes zero.* ·For, as will appear from the inspection of 
Fig. 2, the length and position of the canal are such that the forces tend to incite a 
considerable oscillation; that is, their effects are not continually neutralized, At various 
assumed Greenwich lunar hours reduced to the local time by adding the east longitude, 
project the force arrows upon the axis of the canal. t Considering J;irst the canal as 
uniform throughout its length, and supposing the forces to act upon equal masses 
undergoing equal but opposite displacements at the two nodes, the virtual work at any 

* ~ 63, Part IV A. t ~ e 2, 65, Part IV A. 
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given time may be represeuted simply by the sum of the forces applied to the two nodes 
provided we regard those as positive which urge the water, say, toward the ends, and 
as negative those urging it from the ends toward the center. In Fig. 2 the forces being 
applied only at the two nodes, are gh·en equal weight; those acting on the western area 
are written to the left of the ordinate, and those acting on the eastern arc placed to the 
right. Forces directed westerly are represented by broken lines and easterly by full 
lines. The curve in Fig. 2 may he regarded as representing the virtual work in the 

~o. I. 

2Ho. ,JHo. 4Ho. SHo. • GHo. 7Ho. 81/o. 91/o, !OHo. 

Seruidiurnal systen1s for the lndiun Ocean. 

present instance for all hours because w.e can assume that at various times the magnitude 
of the arbitrary time element is so taken that at a given point the absolute length of the 
corresponding virtual displacement remains the same for all times; in other words, that 
the numerical \·alues of the Yirtual displacements are inclependei1t of the time and 
depend only on the positions of the points considered. They are comparatively large 
at nodal lines and zero at the loops. Fig. 2 shows that high water at the ends should 
occur at III.36, Greenwich lunar time, and so at the middle at IX.36. Fig. 3 shows 
the surface of the water and the configuration of the forces at II I. 36 both for the nodal 
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points and for points halfway between nodes and loops. It will be noted that the 
forces in the eastern half are then equal to those in the western and act in the same 
direction. Bnt if the points are g-iven a slight horizontal virtual displacement, as by 
putting them in positions which they occupy just previous to the time of elongation, it 

No. 2. 

.xn: I n 'fil w v ~ w VlII rr x n n 

~ '· ·r: 

No. 3. 

will be noted that for a uniform canal the displacements are equal and opposite in the 
two half-wave lengths. Hence the sum of the products of the impressed periodic forces 
by the virtual displacements must be zero at the hour III.36.* 

If two half-wave rectangnlar areas of different depths and widths meet end-to-end 
at a loop and are othenvise completely surrounded by rigid walls, the above rule for 

-----·--------------·· ------------- -· ---- - ·---·-·· 

*It may be noted here that the factor cos <rv,µ should be annexed to each of the parts of eq. 
(314) Part IV A, it having·been accidentally omitted in the copying or printing. 
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finding the time of tide by means of the virtual work can be carried out in almost as 
simple a 1'11anner as in the case where both are uniform; for, considering each area as 
being divided into the same number of elementary slices, the product mass X force X 
displacement, in the two areas, is proportional to depth X \~•idth X force. In other 
words, instead of giving equal weights to the two sets of values, as was clone in Fig. 2, 

one set is to be given greater weight than the other. Again, and this probably has 
more bearing upon the actual strip under consideration, it is reasonable to suppose that, 
because of the numerous straits eastward from Java, and the obliquity of the north
western coast of Australia to the general direction of the strip and the shoaling along 
this coast, a greater percentage of the forces acting upon the eastern half-wave area 
will be lost than of those acting upon the we~tern. · In other words, the set of values 
in Fig. 2 belonging to the west~rn part should have a slightly greater weight than the 
set belonging to the eastern. For this reason it appears that III is probably about as 
good a value for the times of high water of the stationary wave at the two ends as can 
be readily estimated from theoretical considerations. 

Immediately connected with the whole-wave. area is the Bay of Bengal. \Ve can 
con::;ider the water extending from the head of the bay to some distance southeast of 
Ceylon as a dependent area somewhat canal-like in form with a nodal line extending 
from Ceylon to the western coast of Sumatra at a distance from the virtual head of the 
bay of ;1 A., or one-quarter wave length. This area synchronizes with the remainder of 
the system of which it forms a part, and the two together constitute the north Indian 
system.* 

25. Tlte waters nort!t and nortltwest ef Australia. 

The eastern half of the whole-wave area has, besides the stationary wave, whose 
high waters occur at III and IX, a progressive wave, clue largely to straits or openings 
between the islands. Of special importance is the strait south of Timor Island. From 
this opening to the Gulf of Carpentaria, especially where the water is shallow, the tide 
is chiefly progressive, a? shown by the cotidal lines. The progression due to this and 
other openings is felt halfway or more to the African coast. On account of .the great 
depth of the Banda Sea and of the shortness and considerable depths of the passages 
around Timor Island and vicinity, the tide is nearly simultaneous over this sea. It 
is somewhat later and a trifle smaller than the tide around Timor. The maximum 
eastward velocity through Ombay Passage north of 'fimor must occur between the 
time of mean sea level rising (for western Timor) and high water. The progressive 
wave due to this short strait, approaching from the west, must have its maximum 
velocity, or high-water phase, northwest of Timar at about the time of maximum 
velocity in the strait; consequently it must be in advance of what it would be were it 
to reach tl,ie Ombay Passage at the time of high water of the stationary wave. In 
other words, the tide just west or south of this boundary, pierced by short straits, is a 
little earlier than it would have been had the straits been broad and the area beyond 
shallow. It seems reasonable, therefore, to suppose that the progressive wave at the 
eastern extremity of the one-waye area (say about along the meridian of Ku pang) 
should be about half an hour in advance of the stationary wave. Assuming that the 

* ~ 76, Part IV A. 
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amplitude of tl~e progressive wave along the axis of the eastern part of the whole-wave 
area is equal to the amplitude of the stationary wave at the loops and that the former 
is half a lunar hour in advance of the latter at the loops, we have, by § 3, the 
distribution of the coti<lal lines shown on ·the map alo11g the central line of the area. 

At first sight it seems strange that the amplitude of this progressive wave could be 
,more than a small part of the amplitude of the stationary wayc at the loops. But it 
should be noted that the energy coming through the tidal forces into the oscillating 
syste~n is mainly consumed in overcoming the resistances experienced throughout its 
various parts. If, now, a part of this energy be lost to the system because of breaks 
in the boundary near a loop or because of extensive shoaling, the resulting progressive 
wave traversing a region small in comparison with the whole system may, for some 
considerable distance westward from the opening in the boundary, have an amplitude 
comparable with that of the remaining stationary waye, and the system will oscillate 
ni.::arly as it would in the case where no energy were thus lost; but, of course, the 
amplitude will be somewhat diminished. 

It is reasonable to suppose that the southern extremities of the cotidal lines west of 
Australia and numbered IX to II turn eastward, somewhat as shown upon the map, 
because of the progres.<;ion directed tpward Timor Island. 

26. Tile liaif-wa1Je area. 

'l'his area extends from Mozambique Channel to Baluchistan and India, being 
largely a dependent one whose tide is governed by the rise and fall in and just south 
of the channel. It has already been remarked that observation and theory give about 
I.5 as the time of high water in the channel. 

The bracketed values XII or o and VI, shown in Fig. r, are intended to refer only 
to the South Atlantic system; that is, they indicate the theoretical time of tide as it 
would be without the North and South Indian systems, and not the times of the actual 
tide. 

Assume now the existence of the South. Indian system without the North Indian; 
the tides in this area will, as was assumed before, synchronize with those in the channel, 
and so instead of o and VI we shall have about I.5 and VII.5. 

If, on the other hand, a wall were built across the charinel, the theoretical times of 
tide produced in this half-wave area would. then be II. r and VIII. r. 

But the L-shaped region extending from Mozambique Channel toward India, thence 
to northwestern Australia, can not have twelve hours as its free period because the 
virtual length of either of the two trapezoids into which the region can be divided is too 
small, being in each case less than that of the original rectangle. It is, therefore, fair 
to assume that the Mozanibique-India half-wave area does not synchronize with the 
Australia-Arabia whole-wave area; for, although each has a free period approximating 
twelve hours, the period of the combination reganled as an L-shaped figure is much 
shorter.* 

\Ve can, therefore, by lemma 27, suppose. that the oscillations of the north Indian 
system and that of the :rviozambique-India area are nearly independent of each other, 
although it is probable that the latter is. accelerated a few minutes by the former because 

* ~ 43, Part IV A or lemma 5. 
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the lo'.)p in the Arabia11' Sea marked III, Fig. I, lies unequally with respect to the noc.lal 
line off Somaliland. 

Before proceeding further, let us consider the case of two systems of oscillation in 
a square area. For simplicity, let the two amplitudes be taken as equal. Suppose the 
phase of the north-and-south oscillation to be 60° in advance of that of the east-and
west oscillation. Fig. 4 shows the arrangement of the resulting cotidal lines for each 
half hour, also the lines along which the range of the tide is constant. It is to be not-=d 

Nu. 4. 

\ 
\ 

\ 

\. 

that the cotidal lines are crowded together near the nodal lines of the component oscil
lations. The crowding will differ from that shown in Fig. 4, if we use another ampli
tude ratio and phase difference. But this figure will give a general idea of how the 
cotidal lines should be drawn for a square area. In all cas_es where the phase difference 
is not zero or ;:80° there must be a no-tide point around which the numbers of the cotidal 
lines progress, but not uniformly or at the rate due to depth. \\There the phase differ
ence is zero or I 80 ° there will be a nodal line and no progression.* 

* ~ ~ 26, 32, Part IV A and * 4, Part IV B. 
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Returning now to the Arabian Sea and adjacent waters we note that the conditions 
are far from having the simplicity of a square. Nevertheless, considering the superpo
sition of two independent systems, it can hardly be doubted that there exists a point 
near the intersection of the nodal lines (Fig. 1) where the range of tide is very small. 
It is almost certain that the cotidal lines should approximately radiate from this point 
being crowded together in the vicinity of Cape Guardafui and spread apart in the 

::-<o. 5. 

VIl.5 

III 
IX 

1.5 

Arabian Sea and toward the Mozambique Channel. Moreover, the progression around 
this point should be clockwise and apparently irregular. 

Instead of the complete square, Fig. 4, imagine a region having nearly the form of a 
square, but deprived of a portion of its boundary, as shown in Fig. 5. The half-waye 
area occupies the greater part of the western half of region. The western half of the 
whole-wave area covers a little more than the northern half of the region. The eastern 
boundary, although imaginary or latent,* is as good as rigid so far as producing the 
tide is concerned. Although, as will be noted in § 31, the cotidal hour for the region 

*?, 29, Part IV A. 
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lying between the central loop of the North Indian system and that of the South Indian 
system is not far from VIII, and so the hour for the whole of the eastern encl of the 
hypothetical square differs but little from IX, it is impossible to have an east-and-west 
oscillation across the southern portion of the square because no whole-wave area is 
possible immediately south of the North Indian system, and so the li1tent boundary of 
the eastern side of the square-can not extend beyond the southern limits of this system. 

At the India end of the :Mozambique-India region the east-and-west or whole-wave 
oscillation is probably as important as the north•and-south or half-wave, while at the 
south encl the east-and-west oscillation is not directly felt. Hence, at India the tide 
occurs between the hours III and VII.5. lti the Mozambique Channel, on the con
trary, it occurs at I.5, or probably a little earlier (say at I), because of 

0

the slight influ
ence of the north Indian system already referred to. Around the southern Maldive 
Islands, and especially around the Chagos Archipelago, the half-wave oscillation does 
not exist. From the Arabian Sea to the loop south of Ceylon the tide is small, and 
there an irregular progression occurs, as is usually the case between two nonsimultane
ous regions not too far apart.* There is also an irregular progression from the loop 
south of Ceylon to northern Madagascar. The direction of these progressions is clock
wise, as was that inferred at the close of the preceding paragraph. In the Gulfs of 
Aden and Oman the tide consists chiefly of stationary oscillations, although there is 
some progression on account of the inner waters beyond. Each of these two gulfs con
stitutes a dependent canal-like area whose length is a small fraction of the wave length A.. i· 

The Persian Gulf being a large, shallow body of water connected with the Gulf of 
Oman by a large strait, has a tide which progresses at about the rate due to depth. 
There is some retardation :,i.ncl therefore some crowding up of the cotidal lines in the 
strait. 

27. Tile Red Sca.t 

The tide in this sea .is composed of a stationary wave caused by the tidal forces 
acting on its.waters and a progressive wave produced by the outside tidal disturbances 
acting through the Strait of Bab el Mandeb. The force arrows applied to the nodal 
line of this sea, regarded as a simple canal-like area whose period is about a half day, 
give IV.5 and X.5 as the cotidal hours of the north and south ends, respectively. 

Because the ra1ige of the outside tide diminishes rapidly in passing through the 
strait, it is difficult to ascertain where a wave progressing at the rate due to depth 
will be established. But observations made at the north end of the sea indicate that 
high water of the resultant or combined wave occurs there at about III. 7 5 hours, 
whereas, according to what has just been said, the high water of the stationary part 
should occur at IV :5. If now we assume the amplitude of the progressive wave over 
the Reel Sea to be constantly equal to the amplitude of the stationary wave at the loops, 
and assume the phase of the progressive wave to be 45° in advance of the phase at the 
loops of the stationa'ry wave, the result of combining the two is as shown by the cotidal / 
lines, the extreme soutk.rn encl of the sea being excepted (§ 3). On account of the 
extreme narrowness of the strait, these assumptions concerning the progressh·e tide 
seem to be reasonable. In making the computations the depth of the sea was assumed 

*Lemma 25. tLcmma 12. t *~ &>-82, Part IV A. 
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to have a certain constant value over the region north of the nodal line and a slightly 
smaller but constant value over the region south of it. The manner in which .tl:e 
cotidal lines should be distributed in and near the strait is somewhat uncertain because 
the theory underlying such cases has not yet been worked out.* 

As indicated hY the map the tide in the narrow but deep Gulf of Akabah is chiefly 
a stationary wave, whose high water is about simultaneous with that at its mouth. 

The tide in the much shallower Gulf of Tor is also chiefly a stationary wave with 
a node at Tor Bank. ·r However, as the ending of the gttlf is not extremely abrupt 
there must be some small progression upward. Assuming the coticlal hour of both 
stationary and progressive waves to be III. 7 5 at the mouth and the constant amplitude 
of the progressive waYe to be one-third of the maximum amplitude of the stationary 
wave, we obtain the cotidal lines shown on the map. 

28. No large wa<x progresses .from tlie South .Indian Ocean into the North Indian, 
producing the tide of tlzc latter. 

An harmonic analysis of the tides at Freemantle, Swan River entrance, western 
Australia, shows that the average range of semi<liurnal tide is there only 0.4 foot. A 
similar analysis at Port Louis, :\fauritius Island, gives for the mean range of tide 1. 1 

feet. 
Upon examining any chart of the Indian Ocean which shows the depths approxi

mately, it will be seen, upon making a few measurements, that the region of small 
range extending from Freemantle to Mauritius Island can not indicate a true nodal 
line. Again, observations do not indicate that nearly the whole of the Indian Ocean 
belongs to one system, as such an extended nodal line would imply. 

\Ve are therefore led to believe that there is a region of small semidiurnal tides 
extending from Freemantle to Mauritius Island, and that the absence of a good tide is 
<lue to the fact that the distance between western Australia and Madagascar does not 
approximate to A or to one-half A, as an east-and-west stati01iary waye would require. 
Some tide, however, exists, and for reasons which will be given in § 31. 

By referring to the table given in § 97, Part I\T A, it will be seen that for 
Freemantle (690), Kupang (614), Banjuwangi (561), and Port Louis (870), the ratio 
S

2 
M, is larger than the corresponding ratio of the tidal forces, i. e., than 0.465. The 

same is true of Port Darwin (681.5), given in § 19, Part IV B. This indicates that 
the length of the whole-wave area of the North Indian system, especially of this area 
when joii1ed with or influenced by the waters between Australia and Madagascar, cor
responds better to a solar-·wave length than to a lunar. This accords with inferences 
made from known distances and depths by aid of Table 5 I. 

Again referring to the same tables it will be seen thaJ: the ratio O,· K, is consider
ably less than the corresponding ratio of the forces ( = o. 71 I), not only for the stations 
just mentioned but for the Indian Ocean generally. This shows what might have 
been inferred from Fig. 24, Part IV A, that the Indian diurnal system responds better 
to the period of K, than to the period of 0 ,. 

There is some inward progression from Rodriguez northwesterly toward the 
Farquhar Islands and Cape Amber, but it is to some extent mixed up with the 
----------------------------· ---~----------· 

* 113, 1'art 1\' A. t81, Part IV A. 
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stationary wave around northern Madagascar. In fact the tide between Rodriguez 
Island and Cape Amber is due chiefly to the rise and fall at the north end of Mozambique 
Channel; that is, a species of dependent transverse oscillation, part stationary and part 
progressive, is maintained by this rise and fall. A somewhat similar effect 111fJY exist 
off Korthwest Cape, Australia. The cotidal lines must change from VIII to I in going 
from the early region east to Reunion Island to the northern end of l\fozambique 
Channel, and from VIII to III in going from this early region to the loop northwest of 
Australia.* 

29. Jlfisccllaucous remarks. 

Upon referring to Fig. I it will be noticed that because of proximity to nodal lines 
the range of tide around Ceylon and southern Hindustan must be small. For the same 
reason the tide along the outer or southwestern coast of Sumatra should be small. 
The tide at the western encl of the southern coast of Java should be smaller than is the 
tide farther east. All these requirements accord well with the observed facts, as can be 
seen upon referring to the large map, Fig. 7. . 

The distribution of the cotidal lines through each of the nodal lines respectively 
located east of Ceylon, off the Malabar coast, and off Somaliland has not been made 
upon the map in accordance with any assumed mathematical law. The lines are chiefly 
conjectural, although in accord with the observations. 

Upon measuring the dimensions of the oscillating areas, it may appear that the 
actual lengths are a trifle too short for the existence of large tides, although no definite 
criterion has been laid clown in such matters. There are difficulties in the application 
of Lagrange's rule to even a canal-like body of variable depth. It seems, however, 
upon comparing the times required for the eruption of Krakatoa to have been felt at 
ports in India, Arabia, apd Africa, that the areas as laid. down on Fig. 1 must ha\'e a 
free period sufficiently long to permit good stationary oscillations. t 

The map shows several cases in which a derived wave is produced at a sudden 
shoaling. For example, the Gulf of Martaban, the vicinity of the mouths of the 
Ganges, the Gulf of Cambay, and off the Gulf of Kutch. The progression north of 
Australia is due largely to such sudden shoalings as the Sahul Bank. A dependent 
stationary wave is apparent in the Gulf of Kutch, and some traces of dependent 
stationary waves, shown in the acceleration of the times of the tide, can be seen at the 
So-mile beach (on the northwestern coast of Australia) and near and in the mouth of 
the Hugli River. 

Sokotra Island and neighboring shoal have some influence upon the distribution of 
the cotidal lines in that locality. A similar remark may be made concerning the 
Laccadive and Maldive Islands. 

In passing through Sunda Strait, the range rapidly diminishes, while the cotidal 
lines bunch up. t A somewhat similar statement is true of the narrow straits farther 
east.** 
-------·---------· 

*Lemma 25. 
t Cf. The Eruption of Krakatoa, and Subsequent Phenomena, tabulation opposite page qS and 

Plate XXXV. 
tLemma 10. 

** ~?. 104-1061 Part I VA. 
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The tide wave entering Palk Strait proceeds southwesterly up Palk Bay, a~ about 
the rate due to depth. nearly to Adams Bridge. 

The tide proceeds southeasterly through :Malacca Strait, but not at the rate clue to 
depth aJone, excepting in the broader portion. 

30. h'vidcnrc obtained .from tidal stn·ams. 

The directions of the observed tidal streams as gh-en in the Admiralty Pilots afford 
some clue to the chara~ter of the tidal oscillation, especially in localities whee the 
motion is rectilinear. Around the l\falcli\·e Islands the floocl stream sets easterly and 
around the Chagos Archipelago it sets southeasterly.· In the northern end of :rviozam
bique Channel the flood sets southerly and in the southern encl northerly. Moreover, 
we find that flood slack occurs soon after high water in the channel, as a stationary 
oscillation requires. These facts could have been inferred from Figs. 1 and 7. 

On the southern coast of Cape Colony, from Table Bay eastward to Port Alfred, 
110 sensible tidal stream exists, although there is a moderately large rise and fall. 1'his 
is in accordance with the lines of motion terminating at the shore which nms nearly 
perpendicular to them. See Fig. r. 

The southern shore of Halnchistat~ lies at tht.0 loop of the half-waye area as also of 
the whole-wave area. Consequently the tidal streams should there be weak, and 
observation shows this to be the case. 

Across the shoals and around the islands east and northeast of Madagascar there 
are strong tidal streams. According to the map of coticlal lines, this is a region where 
the tide varies both in time and in range; such conditions always imply large accele
rating forces for the water masses and generally large velocities, especially over shoals. 

In the short straits which separate from one another the islands east of Java, the 
currents should be swift. This statement is confinned by observation. But whether 
or not the time of maximum flood velocity is an hour or so before the time of high 
water at the southern ends of the straits has not yet been ascertained. 

Strong tidal currents occur among the Nicobar Islands and generally among the 
Andaman Islands. At Table Island the ;;treams turn at about the times of high and 
low water. 

The streams in the Gulf of Suez accord well with the notion of a stationary wave, 
the times of slack water very nearly coinciding with the times of the tide at the head 
of the gulf.* 

3 I. T/1c Souf/1 Indian SJ'Sfem. 

The South Indian system has been briefly considered in § 77, Part IV A. It 
extends from the south coast of Australia ioouthwesterly Yz A to where it is supported 
by the Antarctic Continent; thence northwesterly Yz A to Madagascar and South Africa. 
By constructing a diagram similar to Fig. 2, it will be found that the theoretical coticlal 
hour for either encl is about III, and for the middle IX. According to Figs. 6 and 40, 
the cotidal hour for the south coast of Australia is about III. 

By referring to Fig. 6, it will be noticed that there exists a region north of Kergue
len Island, from which the numbers of the cotidal lines increase in whatever direction 
one goes. The approximate time of tide of this region can be seen from theoretical 

* ~ Bo, Part IV A. 
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considerations, viz.: It should be not far from IX, because this is the time for the loop 
of the systems lying to the north and to the south of it.* On account of the magnitude 
of the space between the two systems, it is reasonable to expect to find small ranges 
between Australia and Madagascar. Farther south the range is greater; the mean 
range at St. Paul Island being 3.0 feet, and at Betsy Cove, Kerguelen Island, 3. 2 feet. 
According to Fig. 6, the hour for this region is VIII. Figs. 6 and 7 show a number of 
progressions in various directions whose antecedent waves extend to this region t and 
have the effect of causing its tides to occur a little earlier. 

Just westward of this early region, particularly of its northern part, a great crowd
ing up is necessitated because the tide south of Africa and Madagascar occurs at I, 
Greenwich time, and its range is there considerable. 

Spencer Guif.-According to Fig. 40, the· tide is 
stationary. The same is true of the Gulf of St. Vincent. 
depths given in Fig. 34, Part IV A, and Table 50 or 5 r. 

partly progressive and partly 
Tliis can be seen by using the 

The-tides off Kangaroo Island are delayed by openings on either side of the island. t 
Bass Strait.-The Pacific tide joins the Indian tide near the western encl of the 

strait. The range of tide is somewhat greater at the eastern encl than at the western. 
In Port Phillip the tide is delayed and its range diminished by the narrow entrance. 

(See Figs. 34, 35, and § 105, Part IV A.) 
South of Tasmania there is a large region whose cotidal hour is about X. The 

tide is largely clue to the Pacific acting through the channel between :New Zealand and 
Tasmania. But upon referring to the South Pacific system (Fig. 23, Part IV A) it 
will be seen that the loop marked XII lies near the Antarctic Continent sontheast of 
New Zealand, while the loop marked IX of the South Indian system rests upon the 
Antarctic Continent southwest of Australia. Hence the time of tide along the Antarctic 
Continent changes from IX in this last locality through X south of Tasmania to XII 
southeast of :N"ew Zealand. 

From this X region to the loop marked III just south of Australia the time of tide 
changes rapidly, as is indicated by the crowding up of the cotidal lines just west of 
Tasmania. 

32. Rlfercllccs lo Indian Ocean tidal observatiolls and discussio,ns. 

lndia.-Reports of Survey of India, referred to in§ rS. 
India; I<crguelcn Island; and Southwest Australia.-Proceedings of the Royal 

Society of London. Vols. 39 1 45, and 7r. 
East Illdies.-§ 18, under Van der Stok and Archives. Ncerlandaises. 
Comptes~Rendus de I' Association Geodcsiqne. 
Port Louis, Jlfauritius Islalld.-Voyage antour du l\fonde, de l'Urauie; Vol. II. 

Paris, 1826. 

St. Paul Island.-Recueil de Memoires, Rapports, et Documents .Relatifs a !'Obser
vation du Passdge de Venus sur le SoleiL Paris, 1878. 

Jlfadagascar and lndo-Chi11a.-Comptes-Rendus de l' Association GcodCsique Inter
nationale, I 900. 

Annales Hydrographiques, 19or. 

*Lemma 25, last line. t Lemma 29. i Lemma 31, Case 3. 



CHAPTER VI. 

THE SEMIDIURNAL TIDES IN THE ATLANTIC OCEAN. 

33. Character ef Atlantz'c tides. 

The tides of the Atlantic Ocean are remarkable for the smallness of the diurnal 
wave, a circumstance due to the absence of oscillating systems whose free period 
approaches 24 hours.* As the small tides of the :Mediterranean Sea caused the civilized 
nations of antiquity to pay little attention to the semidaily rising and falling of its 
surface, so in later times the small diurnal inequality in the Atlantic caused the western 
nations to regard as remarkable the tides observed in other seas where this inequality 
becomes prominent. But when Newton calculated its theoretical amount by his equi
librium•hypothesis he saw that the forces indicated an inequality in the tides several 
times greater than any which had been observed on the coasts of Europe. This led 
him to an erroneous explanation of the phenomenon. The error was pointed out by 
Laplace. But he in turn makes the erroneous suggestion that the smallness of the 
diurnal rise and fall in the Atlantic may be analogous to its total absence in case of a 
globe uniformly covered with water. t 

The semidiurnal tides of this ocean are due chiefly to twb oscillating systems, which 
are described in §§ 72-73, Part IV A. 

By referring to Fig. 6, it will be seen that there is one conspicuous amphidromic 
region southeasterly from Newfoundland, the center being placed at 40° N. and 40° Vi.'. 

It will also be seen that there is, generally speaking, a northerly progression in the 
time of tide from the Antarctic Continent south of Cape Colony, through the main 
body of the Atlantic. The progression from South Africa northward led to the .once 
common belief that the tides of the Atlantic are largely, or even chiefly, derived from 
the waters farther east. It is true that unaccountable irregularities in the rate of this 
progression and great variations in the range of tide caused many students of ihe subject 
to doubt the derived-wave hypothesis. 

The reasons for a general northward progression along the western coasts of Africa 
and Europe ar.e not difficult to find, nor are its irregularities surprising. ' Given several 
regions of high water, such as would be producerl hy two oscillating systems, it is clear 
that in going from one region to another the times of tide for all intervening points will 
be forced to assume all intervening values. The change may be made suddenly, caus
ing a crowding together of the cotidal lines, or it may be made in such a way as to 
distribute them more equably. t Progressive waves in the ocean are generally caused 
by openings in the shore lines at or near the loops of the oscillations where the rise and 

* ~ 92, and Fig. 24, Part IV A. t See~~ 88, 101, Part I. t Lemma 25. Cf..~ 35, Part IV A. 
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fall is considerable. * A similar cause is the sudden receding of the shore line from a 
part of it which supports a good rise and fall. t The openings around the northern 
part of the North Atlantic generally favor northward progression; so do the sudden 
recessions of the coast and changes of depth near Cape Frio, South Africa, and between 
Sierra Leone and Cape Verde. 

But even in this ocean there are progressions taking other than northerly directions. 
The tidal hour for the waters around southern Greenland lies between VIII and IX, 
and for deep water off the eastern coast of the United States it is about XI~. Some 
kind of southerly progression from the former region to the latter must, in consequence, 
take place. t The tide progresses southwesterly from a region west of the Cape Verde 
Islands to the northeastern coast of Brazil. This is largely due to the overlapping of 
the two systems ( § 4). 

However, on account of the general tendency of the progressions of the times of 
tides, we shall begin with the southeastern corner of the ocean and gradually work 
northerly and westerly. The tides of Patagonia and Argentina will be described in. 
connection with the South Pacific system, from which they are derived. 

34. · Sout/i Atlantic Ocean. 

The first half wave of the South Atlantic system (Fig. 23, Part IV A), extends 
from the Antarctic continent to latitude about 27° S. The southern coast of Cape 
Colony is therefore less than ~ A distant: from the Antarctic continent, and so the inter
vening region responds to the solar forces more readily than to the lunar. 

The east-and-west extent of the Cape Colony coast line is not, however, sufficient 
for the establishment of an independent solar system of large rang~ of tide. II 

Doubtless the South Indian system, taken in connection with the adjoining waters 
to the north of it, also favors the solar forces. Hence it .is not surprising to find that 
the ratio S2 iM2 is 0.55 for Durban, Port Natal, and 0.47 for Port Elizabeth, Algoa 
Bay. Cape Town being less influenced by the South Indian system, the ratio S 2/M2 

becomes somewhat smaller, viz., 0.42. 
The considerable progressive wave over this half-wave area is necessitated by the 

progressive wave generated near Cape Frio, as mentioned in the preceding section, and 
which is chiefly responsible for the tides in the Gulf of Guinea. 

Between the loop marked XII, west of South Africa, and the eastern coast of 
Brazil is a branch of the next or second area of the South Atlantic system. 

The great distance between the lines V ~ and VI, east of Brazil, Fig. 9, indicates 
the stationary character of the oscillation. The decrease of range in going from Per
nambuco to Rio de Janeiro indicates approach to the free southern boundary of this 
branch area. 

The Admiralty Tide Tables give 2 feet as the value of the spring range at Ascen
sion Island. This indicates that the nodal line of the area probably passes not far 
from it.~ 

*Lemma 14. 
t Lemma 19. 
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I\ Lemma 3. ii ~ 79, Part IV A. 
t Lemma 25. Cf. ~ 35, Part IV A. ,. 
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35. From Liberia lo the Windward Islands. 

The tides of Liberia and Sierra Leone are not much affected by the North Atlantic 
system, but belong chiefly to the South Atlantic system. Hence, unless delayed by 
shoals, the tidal hour should be VI. A nodal line of the North Atlantic system 
probably passes just south of the Cape Verde Islands. Hence it happens that from a 
region south of these islands or even from Liberia to the Barbados the time of tide 
changes by scarcely more than half an hour. There are extensive shoals west of Sierra 
Leone and around the Bijonga Islands. 

The northeastern coast of Brazil forms a portion of the end boundary of the North 
Atlantic system, and so the theoretical time of tide for the greater part of this coast is 
about VIII.* The southern lateral boundary of the South Atlantic system is situated 
some distance out from the coast of Guiana and Brazil, somewhat .as indicated by a 
heavy line in Fig. 23, Part IV A. Hence the theoretical time of tide off this coast lies 
between VI and VIII (§ 4). The extensive shoals off the Amazon and Para rivers 
cause a considerable progression, and delay the time of tide for this part of the coast. 

In going up the shallow delta of the Amazon, the tidal hour is much incre::sed; 
but tidal data and even soundings are so meager that cotidal lines can not be drawn far 
up the river. A bore occurs when the range of tide and stage of the river are fa,·orable. t 

The tides around Trinidad Island belong almost entirely to the North Atlantic sys
tem. The range is much greater on the south side of the island than on the north side, 
the oscillatioi1 in the former locality being better supported than in the latter. Hence 
the strong currents experienced by Columbus in the Dragon's Mouth.t 

From Trinidad to Guadeloupe the semidiumal range of the tide diminishes rapidly. 
The tides in the southeastern part of the Caribbean Sea are derived from the loop marked 
VIII of the North Atlantic system influenced, however, by the loop marked VI of the 
South Atlantic system.// 

36. From Guadeloupe lo the United States. 

The range of the semidaily wave on the south coast of St. Thomas Island is a little 
less than 0.3 foot, and the mean range of tide San Juan, P.R., is I.I feet. These 
indicate that the nodal line lies not far east of St. Thomas. Figs. I 1, 14, 16, show 
how nearly simultaneous are the tides along the greater part of the Atlantic coast of 
the United States, the Bahamas, the northern coast of eastern Cuba, the northern coast 
of Haiti, and of Porto Rico. ·•Moreover, the range steadily increases in going from 
St. Thomas to Savannah River entrance where it is 6.8 feet. All these facts point to 
a stationary oscillation, and Fig. 23, Part IV A, indicates that it forms part of the South 
Atlantic system. 

Here we have one of those rare cases where a nodal line of a system is not obscured 
by progressive waves or by the overlapping of another system. 

Upon cdnsultin~ the charts of soundings, Figs. 19, 20, Part IV A, and making use 
of Table 51, it will be seen that the length of the South Atlantic system is a little more 
than 312 A.. Hence unless neighboring waters alter the mode of oscillation for the solar 
wave it follows that the ratio S_;M

2 
must be less than the ratio of the corresponding 

·-·--- ---- ------- - --- ---- -----
* Lemma 9. ·t ~ 15, Part I. t ~ 75, Part I. II Lemma 14. 
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forces. The quarter wave length here considered is almost free from sttch mfl.uences. 
Hence the remarkably small value of this ratio for tides along the Atlantic coast of the 
United States. See table in § 97, Part IV A, Nos. 32-w5. 

37. The Caribbean Sea. 

The tide along the coast of Panama agrees well with the corrected equilibrium 
theory both as to time and range (§§ 2, 3, Part IV A). 

The tide in the northern portion of the sea is due chiefly to the tide north of Cuba 
and Haiti acting through the Windward Passage. Farther west the effect of the tide 
in the Gulf of Mexico becomes apparent. See Figs. 1 r and 17. 

As already noted, the tide in the southeastern corner of the sea depends directly 
upon the tide in the ocean j ttst outside. 

The northeastern corner of the sea can have only very small ranges because a nodal 
line exists in the outside waters, and because the numerous openings between islands 
which bound the sea on the north and east prevent the formation of an equilibrium tide. 
The hour of tide changes rapidly, increasing toward the north. 

Very little is known of the tides along the southern coast of Haiti or along the 
opposite coast of South America. 

38. Tile Cuif ef St. Lawrence. 

The tides of the Gulf and River of St, Lawence are interesting in several respects, 
but chiefly on account of a large, stationary oscillation, a landlocked waYe eddy or 
amphidromic region, and a wide variation of range at different points of the river. 
The first of these features has been noted in § 91, Part IV A, and the other two are 
shown upon Fig. 13, Part IV B. A map of soundings covering this region is given as 
Fig. 31, Part IV A. . 

North of the Magdalen Islands the range of tide is small while in the channel off 
Cape Rosier or Gaspe the range is 4 or s feet. The shore line here suddenly turns off 
from the direction of the main channel, forming the western boundary of a broad, shal
low embayment. Hence, by lemma 19, a southward progression takes place following 
the general direction of this shore line. Section 13 deals with cases of this ki11d; what 
is there referred to as the ''outside body'' is here represented by the channel between 
the Magdalen Islands and Anticosti Island. The range of this progressive shore wave 
diminishes as it proceeds. The part entering Northumberland Strait from the west 
meets the wave from the east at Cape Tormentine. 

Upon referring to the cotidal chart of this region as well as to the chart of depths, 
it will be seen that progression in the river at the rate due to depth does occur below 
the mouth of Saguenay River. The greatest range occurs off the lower end of the Isle 
of Orleans, where it is nearly l 7 feet; the tide disappears at Lake St. Peter. 

As might be expected, the duration of fall in the upper part of the river consider
ably exceeds the duration of rise; at Quebec the difference is two solar hours. 

The tide of Chaleur Bay is chiefly stationary. 
A branch of the main channel extends northeasterly \x:tween Newfoundland and 

Anticosti Island. The tide in the center of this branch is nearly simultaneous with 
that at the point where it .joins the main channel; but some delay occurs in reaching 
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either shore. Moreover, the gradual narrowing and shoaling of this area between 
Newfoundland and Quebec causes the range on either side to be considerable, viz., 3 or 
4 feet. The tidal hour off the eastern end of Anticosti Island being II 76 and off the 
western end a little more than Vy;;, the cotidal lines must crowd together in the strait 
north of this island. 

The Strait of Belle Isle has little influence upon the tides of the Gulf. 
The tidal hour is probably between XII and XII 76 for the eastern coast of the 

Magdalen Islands, and probably assumes all values from ,Y:; to XII along the 
remainder of the coast, but no data are available for verifying this conclusion.* 

39. From Nova Scotia to Rhode Island. 

Along the greater part of the Atlantic coast, extending from Nova Scotia to 
Florida, the time of tide is but little delayed on account of the strip of shallow water 
which borders it. (For depths, see Figs. 19 and 31, Part IV A.) This is an applica
tion of lemma 9, since the offshore flood and ebb streams are probably nearly normal 
to the coast line. We can imagine canals leading from deep water to or into the coast 
line, each having a stationary oscillation. G'enerally such canals are less than ,UA. in 
length. The Gulf of Maine has a shoaling at Georges Bank which causes a progression 
to there be formed; that is, the Gulf of Maine can not be considered as forming part of 
the large body of water to the southeast or even as being a dependent area synchronizing 
with it. The virtual length of the Gulf of Maine and the Bay of Fundy being nearly 
3(A., there must result large tides for the inner waters, sustained by the progression, 
and occurring three hours later than the tides outside. This has been explained in . 
~ 34, Part IV A and alluded to under lemma 12. A similar explanation applies to 
Long Island Sound, but instead of a shoaling at the mouth we there have a contraction. 

In case of tidal rivers, the tide wave is generally progressive, so that there is no 
tendency to synchronization with the tide outside. Off the mouths of large rivers, 
antecedent waves become noticeable. 

Large as is the tide in the Bay of Fundy, it doubtless would have been a little 
larger, in the bay proper, had there been no Basin of Mines. For reasons similar to 
those just referred to, the oscillation of the bay is interfered with by any dependency 
which can not synchronize with it. As it is, this branch implies an antecedent wave, 
and so there must be some progression up the bay from this cause. 

The converging shore line and lessening depths increase the range in either sta
tionary or progressive waves. For this reason the largest tides of all occur near the 
head of the Basin of Mines and up the Petit Condiac River, the range in the former 
reaching about 43 feet and in the latter 40 feet. t 

At Boston the range of tide is 9.6 feet and at St. John it is 20.8. 

The smallest known mean range of tide connected with the Gulf of Maine oscilla
tion occurs at Tom Nevers Head, oti the south coast of Nantucket Island, and amounts to 
only x. 2 feet. (See Figs. I 4 and l 5.) ; 

*For tides i11 the Gulf of St. Lawrence, see Dawso11's Reports 011 Survey of Tides and Currents in 
Canadian Waters for 18g8, 1899, and 1903. 

tFortides i11 the Bay of Fundy, see Dawson's Report on Survey of Tides and Currents in Canadian 
Waters for 1899. For tides in St. John River, see Bull~tin XV of the Natural History Society of New 
Brunswick, pp. 65-82. 
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The tide north of Nan tuck et Island comes from the east and its hour 1s about IV~. 
The XII-hour line passes a short way south of Nantucket Island and meets the land 
at the western end of Marthas Vineyard. Hence the change of four hours in going 
through Muskeget Channel and the rapid currents. The change is also rapid between 
Mar:thas Vineyard and the mainland. The tide wave in Buzzards Bay is almost station
ary, the time of occurrence being less than half an hour later at the head than at the 
mouth. 

The tide reaches the southern side of Sable Island about one hour .before it reaches 
the northern side. This shows the delaying effect analogous to that ·referred to in 
lemma 28. (See also Fig. 13, Part IV A.) 

In going from the Greenland loop of the North Atlantic system to the United 
States loop of the South Atlantic system, the tidal hour must change from VIII to XII. 
The manner in which this change takes place depends largely upon the depths encoun
tered and upon the presence of antecedent waves which are necessitated by the pro
gressive waves, the latter being due to openings in the shore line or to off-lying shoals, 
lemmas 10, 14; e. g., Cabot Strait, the submerged strait south of Nova Scotia, Georges 
Bank, Browns Bank, and Florida Strait. 

40. From Rlzode Island to Flon'da. 

The tidal hour for this stretch of coast is about XII. The earliest point is Cape 
Lookout, where the hour is XI~. 

The tides in Long Island Sound are analogous to the tides in the Gulf of Maine 
and Bay of Fundy, and so at the western part of the Sound are three hours later than 
the tides outside and upon which they depend. There is, however, some progression. 
The range varies from r.9 feet at Montauk Point to 7 }i feet at the western end of the 
Sound. 

On the outer or southern coast of Long Island the tide occurs remarkably early, 
for reasons given in connection with lemma 32 (case 3). This is so notwithstanding 
the existence of Fire Island Inlet and other smaller straits leading to Great South Bay. 
For, the flow through the inlet being simply a hydraulic effect, the tide just south of 
the inlet will be accelerated rather than retarded. (Cf. § 25 and statements under 
lemma 29.) 

The tides in New York Harbor and the lower part of the Hudson River have nearly 
the same range as the tide at Sandy Hoo}{, where it is 4.6 feet. At Governors Island 
the tidal hour is XII.72, while at Willets Point it is III.66. This in a general way 
explains the strong tidal currents in East River, as was pointed out in § 37, Part I, and 
§ 106, Part IV A. 

The tides of Peconic, Great South, Jamaica, and Barnegat bays are chiefly due to 
hydraulic effects, the rising and falling of the waters qutside causing a rapid flow 
through the connecting straits or inlets. For Great South and Bamegat bays the 
range is much reduced and the time of tide delayed, as shown in Fig. 15. (See §§ 104, 
105, l l l, Part IV A.) (In the formula there given for K, the words ''amplitude of tide 
outside" should be stricken out.) 

Up the Delaware Bay and River the wave progresses at nearly the rate due to 
depth. The values of Fig. 14 show that the range increases considerably above its 
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value at the capes. The difference betv•:een the duration of rise and fall at Philadelphia 
is 2 h. 35 m. _ 

While the funnel-shaped Delaware Bay favors an increasing range of tide, Chesa
peake Bay, with its contracted entrance and subsequent expanse and connections with 
dependent tributaries, tends to reduce the range. The tide prog-resses up the bay, but 
in a somewhat irregular manner, as shown in Fig. 14. Near the mouth the high water 
occurs on the western shore of the bay before it occurs in the western shore of Cape 
Charles; this is a case coming under lemma 28. Up the numerous tidal rivers the wave 
progresses reguiarly. However, by lemma 32 the progression is slower than mean 
depth would call for. 

The tides in Albemarle Sound, Pamlico Sound, and in New River are very small, 
owing to the narrow openings connecting them with the sea. 

For South Carolina, Georgia, and northern Florida the range of tide is laq{er than 
for the outer coast farther north. Here the last loop of the South Atlantic system 
:finds a good support; moreover, the distance to the free northeasterly boundary of the 
system is considerable. 

The tide in the St. Johns River is greatly reduced in range at Jacksonville, where 
there is a constriction in the river. 

As the Strait of Florida~ approached the range decreases. 

41. Tlze Gulf ef Mexico. 

Upon referring to § 3 and Fig. 23, Part IV A, it will be seen that the tidal hour 
for the eastern part of the Gulf should be III, according to the corrected equilibrium 
theory-, and the hour for the western part should be IX. Upon referring to the chart 
of co tidal lines for the Gulf, Fig. 17, this will be seen to be the case; but it will also be 
noticed that, excepting the eastern part, the hours generally progress in going westward, 
and so the cotidal lines are not amphidromic, as the equilibrium theory requires. Hence 
arises evidence of a progressive wave from the Strait of Florida. A little west of the 
center of the Gulf the hour increases rapidly in going westerly, indicating that the 
amplitude of the progressive wave must there be small; for, if its amplitude were zero, 
the tidal hour would change suddenly from III to IX in crossing the center of gravity 
of the equilibrating surface. 

Consider the derived wave front extending from Yucatan to the Dry Tortugas. 
Suppose its center to progress through deep water toward the Mississippi Delta. The 
eastern wing of this wave crest will approach parallelism to the coast of Florida on 
account of the rapidly decreasing depth found between the deep water and this coast. 
(See Fig. 14, Part IV A.) The wave will reach the coast of Louisiana remarkably 
early or at about the time indicated by the depths of the Gulf. The range in deep water 
will become smaller as the distance from the source of disturbance increases, because of 
the ever-increasing length of the crest of the wave, which disperses the motion more and 
more widely. Hence the range continually diminishes as we go northward parallel to 
the coast of Florida. The eastern wing of the crest, by moving eastward over con
tinually shoaling water, will cause the range to be much increased by the time the 
Florida coast is reached. Of course, a somewhat similar east-going progressive w~n-e 
results from the equilibrium tide, and the range of this derived wave will also increase. 
toward the coast. 
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The tides between Cape San Blas and the Mississippi Delta can be approximately 
determined by considering both the progressive wave and equilibrium tide near the edge 
of deep water, and adding the time of transmission to the shore. 

As the eastern wing hinges upon Florida Keys so the western wing hinges upon 
northeastern Yucatan.* The range diminishes in going from the northern coast of 
Yucatan northwesterly. Consequently the tides in the southwestern part of the Gulf 
should.be eventually equilibrium tides, and obser\"ations indicate that such is the case. 

Small as the progressive wave is, its range is greater than that of the equilibrium 
tide in the deep water south of the coast of Louisiana, thus causing a westerly progres
sion, instead of an easterly one, in this part of the Gulf. From Fig. 23, Part IV A, it 
is seen that the equilibrium tide off Port ].fads, Mississippi Delta, is only o. r foot; this, 
however, increases to 0.4 foot off the mouth of the Rio Grande. The time of tide for 
the edge of deep water off the coasts of Louisiana and Texas can be estimated by giving 
greater weight to the derived wave off Port Eads and by gradually increasing the weight 
given to the equilibrium tide as one goes toward the Rio Grande. If to the times tlms 
determined be added the time of transmission to the shore, the tides of Texas and 
southern shore of Louisiana will be nearly explained. 

As already noted, the equilibrium tide controls the tide in the southwestern corner 
bf the Gulf. 

Between Galveston and Tampico no ·data arc available concerning the semidiurnal 
tides. 

The table given under § 97, Part IV A, shows that throughout the Gulf the ratio 
S ,' M 

2 
is considerably increased over its value for the Atlantic coast, indicating that 

the equilibrium tide of the Gulf is generally comparable in magnitude with the tide 
derived from the ocean. This is also indicated by the fact that the age of the phase 
inequality, as shown by the value of S

2
°-:M.0

, is much less for the Gulf than for the 
outside ocean. 

The broad simultaneous region in the eastern half of the Gulf is in a general way 
explained by the fact that the deri\·ed and equilibrium tides do for this region 
approximately agree in phase, while the crowding up of the cotidal lines in the western 
half results from the two waves being in approximately opposite phases. The time 
required to tranimit a disturbance from the western approach end of Florida Strait to 
the deep water line off the Rio Grande is about 2 Yz lunar hours. 

Some account of the tides of the Gulf has been given in §§ 89, 90, 92, 96, Part 
IV A. 

42. Nortl1western A.frica and Soulliwcstcrn Europe. 

In passing northeasterly through the Cape Verde Islands, the tidal hour increases 
rapidly; this indicates proximity to a nodal line of the North Atlantic system, as well 
as proximity to the free boundary of the South Atlantic system. A tongue-shaped 
region of early tide extends, as alreacl~· noted, from south of these islands to the 
Barbados. · South of Cape Verde Islands the hour is VI, while at the loop off Morocco 
it is II. The general reasons for a northward instead of a southward progressioi1 ha,·e 
been given in §§ 8, 33. The wide distances between the cotidal lines north of the 
Canary Islands and the increased range indicate a loop of the system. 

* ?. 36, Part IV A, and lemma 28. 
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Upon inspecting Fig. 18 it will be seen that the range of tide decreases from 9 feet 
near Cape St. Vincent, to 4.Yz at the eastern Azores and to 2 Yz feet at Flores, the 
most western. This shows that the tide is approaching zero range in going westward, 
and, taken in connection with the fact that all these places have nearly the same tidal 
hour, throws much light upon the position of the no-tide point. By comparing· the 
times and ranges of Nova Scotia, Sable Island, and the eastern coast of Newfoundland, 
some evidence of the existence and location of the no-tide point can be obtained. 

The early tides at the Strait of Gibraltar and at the head of the Bay of Biscay 
have been noticed in~ 8 and§ 9 case 5. 

43. The ll1editerranean Sea. 

The tides of this sea have been discussed at some length in §§ 84-88, Part IV A. 
The conclusions there reached appear to be mainly correct, with the exception of one 
concerning the Adriatic found near the close of § 87. 

The tidal hours for the eastern part of the sea nearly obey the equilibrium theory, 
as a comparison of Fig. 19, Part IV B, with Fig. 23, Part IV A, will show. The 
cotidal lines are probably amphidromic, radiating from the Isle of Crete. High water 
on the coast of Syria occurs at the time of low water off Tripoli. The tide from this 
part of the sea joins that of the western part through the straits on either side of Sicily. 
The cotidal lines are crowded closely together in the straits because the time of high 
water off the southeastern ends of the straits is II and off the northwestern a little 
more than VII. 

The tide in the Adriatic is partly stationary and partly progressive. The Adriatic 
constitutes a dependent oscillating area whose length is nearly Yz A.. The crowding 
together of the cotidal lines indicates proximity to the nodal line. The effect of the 
earth's rotation is. shown by the tendency to radiate from a point on the Italian shore. 
This body of water is quite analogous tu the English Channel, as has been noted in§ 12. 

The tides. of the JEgean Sea being in part derived from those of the Mediterranean 
near the Isle of Crete are probably small. 

The tide in the western part of the Medite;ranean is of nearly opposite phase to 
that of the Atlantic just outside. This accords with the theory of a strait leading from a 
tided ocean to a near-by but deep tide less sea of moderate dimensions. (§. 103, Part IV A.) 

References lo Mediterranean Sea iidal observations and discussions. 

llf"alla.-Philosophical Transactions of the Royal Society of London, 1878. 
Toulon, ll:falla, Marseilles.-Proceedings of the Royal Society of London, Vol. 39 

(1885). 

23. 

Genoa, etc.-Annali Idrografici, Vol. I. 

Ragusa, etc.-Mitteilungen des. k. u. 
Vienna, I 904. 

Adriatic Sea.-Admiralty Tide Tables. 

Genoa, 1900. 

k. Militargeographischen Institutes, Vol. 

44. Tlie Britislt Islands and tlze Nor/It Sea. 

Tacitus thus refers to the tides of the Isle of Britain: 

It is not the business of this work to investigate the nature of the ocean and the tides; a subject 
which many writers have already undertaken. I shall only add one circumstance: that the dominion 
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of the sea is nowhere more extensive; that it carries many currents in this direction and in that; and 
its ebbings and fiowings are not confined to the shore, but it penetrates into the heart of the country, and 
works its way among the hills and mountains, as though it were in its own domain.* 

The fourth summer [A. D. 81] was spent in securing the country which had been overrun; and 
if the valour of the army and the glory of the Roman name had permitted it, our conquests would have 
found a limit within Britain itself. For the tides of the opposite seas, flowing very far up the estuaries 
of Clota and Bodotria [Clyde and Forth], almost intersect the country; leaving only a narrow neck of 
Janel, which was then defended by a chain of forts. Thus all the territory on this side was held in 
subjection, and the remaining enemies were removed, as it were, into another island. t 

The tides around Great Britain and in the North Sea are remarkable in many 
respects. They are best described by constantly referring to the cotidal maps of these 
regions (Figs. 20-22). 

The cotidal line IV extends from the northwest corner of France to the southwest 
capes of Ireland, and thence to Rockall Island. The ranges for these three places are 14, 
7, and 4~ feet, respectively. This line shows how the tide approaches the land. The 
diminution of range gives some indications of the nodal line of the northern half of the 
North Atlantic system, although it is covered up by the northeasterly progressing wave. 

Depending upon the incoming wave are the tides of the English and Irish channels. 
In these bodies of water the tide is partly stationary and partly progressive, much influ
enced by the deflecting force of t~e earth's rotati9n. (See §§ 3 and 12.) 

The oscillation in North Channel is stationary, because high water at the south end 
of the channel occurs at very nearly the time of low water north of Ireland § 35, Part 
IV A. Instead of a nodal line extending acros.:> the channel, tl1e deflecting force of the 
earth's rotation causes the cotidal lines to be amphidromic about a no-tide point, off the 
Mull of Cantire, § 12. 

Along the northern coast of Scotland to the Orkney and Shetland islands is an 
easterly progression. Between these two groups of islands and through Pentland Firth, . 
the tidal hour changes rapidly and the flood and ebb streams are strong. The motion 
thus transmitted, together with that of a wave rounding the Shetland Islands, is the 
chief cause of the tides along the eastern shore of Scotland and England. However, a 
part of the wave passing north of the Shetland Islands proceeds northeasterly along the 
coast of Norway. Evidently the coast line at the south end of Norway is not touched 
by these waves, unless the progression up the coast of Norway entails a sensible antece
dent wave, which may reach southward toward the Naze. 

Down the eastern coast of Scotland and England the wave proceeds at about the 
rate due to depth. 

All accounts agree that there is very little tide between the Naze and Stavanger. 
Now imagine lines drawn from this region to the Shetland Islands, Orkney Islands, 
and northern Scotland, and we have reasons to believe that the large wave going down 
the coast of Scotland and England as far as Nor folk will control the tide over a sector 
of the North Sea, and that the cotidal lines will radiate from a point a little way off the 
southwest coast of Nornay. (See cotidal maps of the North Sea, Figs. 21, 22, and§ 13.) 

The main progression· from the northwest turns to the east off eastern Norfolk and 
proceeds along the north coast of Holland and Germany to Holstein and Schleswig. 
From this locality northward the range of tide rapidly diminishes. 

*Life of Agricola, Ch. 10 (Oxford Trans.). t Ibid., Ch. 23. 
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The tidal streams in the arm of the sea between Belgiun1, Holland·, and England 
indicate that it is essentially a stationary \Vave about J3 A. long with a maximum north
.easterly stream occurring at II, as one would expect from the fact that the tidal hour 
in the strait is XI and the range in the North Sea is comparatively small and of nearly 
opposite phase. (§§ 102, 103, Part IV A.)* 

The earth's rotation should therefore cause the tidal hour at the Holland end of 
the hypothetical nodal line to occur at II and at the England end at VIII. This agrees 
fairly well with the observed facts. The stationary oscillation in this arm of the sea is 
sustained chiefly by the rise and fall at Dover Strait, and so the effect of the main body 
of the North Sea is little felt excepting where the arm joins it. The theoretical time 
of high water being II on the Holland coast, and the wave on this coast progressing 
northeasterly as the amphidromic requires, it will be seen that much crowding up of the 
cotidal lines must occur just south of Texel. Moreover, the influence of the amphi
dromic wave causes the tides off Texel to occur earlier than the time indicated by the 
Korth Sea tides alone. An opposite effect is produced on the English side. Hence the 
crowding up of the cotidal lines in the vicinity of Yarmouth and the broad space in the 
North Sea between the cotidal lines VIYz and VII. 

The cotidal lines shown in Figs. 2 I, 22 have a striking resemblance to the scheme 
proposed by \Vhewell (Phil. Trans., 1833, 1836), and which Airy discredits in Arts. 
525-528 of his Tide and \Vaves. 

As stated elsewhere, the point at which Captain Hewett observed tides and found 
no rise and fall has been taken as the no-tide point for the amphidromic region between 
England and Holland. 

In passing up the Zuider Zee the tide is much retarded at the narrows near the 
middle of that body. South of the narrows the range of tide is diminished to about 
I foot. 

The form assumed by the cotidal lines at the mouth of the estuaries of the Forth, 
Humber, and Thames has been explained ·ins 31, case 4. 

In going up the estuaries and funnel-shaped bays of England and Scotland the 
range of tide generally increases. 

Much might have been said concerning the peculiarities of the tides of Europe, 
especially the want of simplicity of the wave manifested in double high waters, long 
stands, short stands, etc.; also the want of equality betw~~1 the times of rise and fall. 
But no explanation will now be attempted, for such phen~nienon can better be treated 
in Part V. t 

One curious feature of the tides of Europe, and probably of those along the Atlantic 
coast of Africa as '~ell, is the great variation in the ratio of 0,<'K

1
, and the large value, 

positive or negative, of K, 0 -0, 0
• (See Nos. 900 to 995 of the table given under§ 97, 

Part IV A and Nos. 910 to 1011, § 19, Part IV B.) 
Upon consulting the same table it will be noticed that S. 0 

- :M, 0 , and so the age of 
the phase inequality, is negative for Arendal, Oscarsborg, Christiania, and Copenhagen. 

-----------------------------------
*See charts entitled "Tidal Streams in the North Sea," by the Admiraltv. 
t See, for example, Etude Pratique sur les Marees Fluviales et Notan;ment sur le Mascaret, by 

Co1noy. 
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References to tidal observations and discussions .for tlzc British islands and the 
North Sea. 

General references.-Tide Tables for the British and Irish Ports, by the Admiralty. 
Philosophical Transactions, 1831, 1833·, 1836, 1845. 
Proceedings of the Royal Society of London, Vols. 39, 45. 
NorwaJ 1.-Norske Gradmaalings-Kommission, 1882, 1904. 
J-.lolland.-Algemeene Dienst van den Waterstaat. Verzamelingstabel der Water

boogten, for the month of April, 1894. 
Comptes-Rendtts de l' Association Geodesiqtte Internationale, 1900. 

45. From t!te Faroe .ls/ands to New.found/and.* 

By consulting the chart of soundings, Fig. 19, Part IV A, it will be seen that a 
broad strait exists on either side of Iceland. Now, if a wa\'e of uniform range were 
progressing northerly up the northern Atlantic Ocean it would be reasonable to expect 
to find a wave transmitted northward through both of these straits. But upon referring 
to Fig. 23, Part IV A, it will be seen that the strait between Greenland and Iceland 
is at the loop of the stationary oscillation while the strait between Iceland and the 
Faroe Islands is much nearer to the nodal line. Hence, the waye transmitted through 
Denmark Strait being of much greater amplitude than that \Yhich would be transmitted 
through the other strait, it is easily seen that it might proceed along the northern 
coast and govern the tides to the northeast of Icelahd. As a matter of fact the tides 
in this last-mentioned region are almost opposite in phase to those just south of the 
strait. Consequently, § 35, Part IV A, the oscillation in this strait must be chiefly 
stationary. However, there is some southward progression down the eastern coast of 
Iceland and some northward progression up the western coast of the Faroe Islands, the 
direction in the first case being governed by the preceding motion along the northern 
coast of Iceland and in the latter by the fact that the range north of the Faroe Islands 
is smaller than the range south of them, so that these islands form a part of a boundary, 
along the southern side of which is a good rise aud fall. Again referring to the chart 
of soundings and to the chart of systems, it becomes evident that the range of tide for 
the western coast of the Faroe Islands must considerably exceed that of the eastern. 
Observations indicate about 7 3-6 feet for the former and 4}6 for the latter. The motion 
thus set up causes the hours to progress southerly down the eastern coast of these 
islands; that is, the wave is turned or refracted, as it were, around the northern end of 
the islands because of the shoals and deeper off-lying waters. 

The oscillation in the strait between the Faroe and Shetland islands is, in deep 
water, nearly stationary, since the waters to the southwest of it are nearly opposite in 
phase to the waters to the north. However, along the northern coast of Scotland and 
the western coasts of the Orkney and Shetland islands the tide consists chiefly of a 
wave progressing northeasterly at about the rate due to depth. 

The short length of the walls or sides of these two broad straits makes the effect of 
the earth's rotation, if sensible at all, of secondary importance. 

Between Rockall and Labrador there is a considerable progression, due chiefly to 
the opening between soutl~ern Greenland and Labrador. 

*Sec Figs. 12, 18, 20, 23. 
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The range of tide at N ennortalik, near Cape Farewell, is 6. 3 feet and at St. Johns, 
2.6; for the coast of Labrador it is 4 or s feet. These values indicate something about 
the position of the no-tide point. 

The tide in Hudson Strait is unexpectedly large. The range at Port Burwell near 
the eastern end being 15. 1 feet; at Ashe Inlet, Big Island, 23.5 feet, and at Port 
Laperriere, Digges Island, at the western end of the strait, 6.6 feet. The lateness of 
the tide on the southeastern shore of Ungava Bay has been explained in§ 7. 

In the northern branch of Hudson Strait, constituting the southern portion of Fox 
Channel, the range is large, being 9.5 feet at Winter Island. , 

The cotidal lines of Hudson Bay, as shown in Fig. 12, are little more than conjec
ture. The lack of reliable observations for the southeastern portion of the bay, and the 
uncertainties connected with the geography of Southampton and neighboring islands, 
cause inferences to be of little value. The range of tide is probably about 3 feet on the 
eastern side of the bay and more than twice that amount 011 the western. 

It may be well to here point out some evidence which goes to prove that the north
western corner of the North Atlantic Ocean, together with its tidal dependencies, 
belongs to the North Atlantic system. 

Upon referring to Fig. 23, Part IV A, it will be see11 that the loop off Gibraltar is 
not overlapped by any other system, and that the same is true of the loop between 
Labrador and Iceland. Hence the JIIagnitude of the phase inequality, as well as its 
age, should be comparable at the two ends of this area. That such is the case can be 
seen by comparing the values S)M,, S,0 -M, 0 for Nos. 6-28 of the table given under 
§ 97, Part IV A, with similar values for Nos. 932-990 of the same table. 

As has been already noted, the ratio S / M. is much smaller for the coast exte11ding 
from Nova Scotia to Florida Strait, showi11g that the tides of this coast belong to a 
different system. 



CHAPTER VII. 

THE SEMIDIURNAL TIDES IN THE ARCTIC OCEAN. 

46. Indications of land near tlze pole. 

Before attempting to draw cotidal lines for the Arctic regions, some assumptions 
have to be made as to the distribution of land and water; but in making such· assump
tions observations upon the tides and surface drifts form the principal guides, as the 
matter which follows will show. By considering this question in detail, an estimate can 
be made of the relative merits of the cotidal lines as drawn for different parts of the 
Arctic Ocean. Except for slight alterations, the remainder of this section is as it 
recently appeared in the Na ti on al Geographic Magazine.* 

It is a well-established fact that there are two important surface currents (or drifts) 
in the Arctic Ocean. One of these flows easterly along the northern coast of Alaska, 
through the Arctic Archipelago, finally reaching the Atlantic Ocean through Davis and 
Hudson straits. The other starts in the neighborhood of Herald Island, northwesterly 
from Bering Strait, and thence flows northwesterly, passing to the north of New 
Siberia; thence to the north of Franz Josef Land and the Spitzbergen Islands, and 
through Denmark Strait to and around Cape Farewell. Therefore these currents are 
near together when north of Bering Strait and again when in the vicinity of southern 
Greenfand. 

Some evidence of the American current may be cited. The ships Advance and 
Rescue, of the first Grinnell expedition, were for a while carried northerly in Wellington 
Channel by the drifting ice; but when near the northern end of the channel the current 
reversed, and thereafter they were carried southerly and easterly through Barrow Strait, 
Lancaster Sounu, Baffin Bay, and Davis Strait, to latitude 65° 30' N., where they got 
themselves free from the ice. The. amount of southeasterly drifting measures about 
x ooo nautical miles, and required a little more than six months, extending from N ovem
ber, 1850, to June, 1851. This gives an average rate of 5 miles per day. 

In May, 1854, the British ships Intrepid and Resolute were abandoned off the 
western end of Barrow Strait. The Resolute was picked up off Cape Mercy, in the 
south end of Davis Strait, in September, 1855. During these 16 months l 100 miles 
were covered, making an average rate of 2 0 miles per day. 

Strong easterly currents are encountered in Fury and Hecla Strait and in Bellot 
Strait. 

Northeasterly currents off the northwestern coast of Alaska have been noted by 
Captain Collinson, t and easterly currents along the northern coast by Captain McClure. t 

*Vol. XV (1904), pp. 255-26I. 
t Collinson: Journal of H. M. S. Enterpn'se, edited by bis brother, pp. 137-142. 
t McClure: The Discovery of the Northwest Passage, edited by Osborn, p. ]I. 
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Collinson noted an eastern set in Dease Strait far to the east,* and McClure found a 
large quantity of American pine, almost certainly from the Mackenzie River, drifted 
into Prince of Wales Strait."i" 

McClure Strait is constantly filled with ice, probably coming in chiefly from the west. 
The existence of the current far to the north of Russia is pretty well established by 

the drifting of the steamship Jeamzette from Herald Island to a point northeast of New 
Siberia, where she was.crushed in the ice, and by the subsequent drifting of some papers 
and clothing from the sunken vessel across the polar sea to J ulianehaab, near Cape 
Farewell. TheJeamzettewasfrozen in the ice September 6, 1879, and was crushed June 
l 2, l 88 l, having made good a distance of 600 miles. During the last five of these 2 l 

months much more than half of all the distance made good was covered, and during the 
last 26 days almost one-sixth. The relics were picked up in 1884, or three years after 
the sinking of the boat, having gone a distance of at least 2 900 miles. (See Fig. 24.) 

Before undertaking his famous voyage in the Fram, Nansen adduced, as further 
evidence of this current, the finding on the coast of Greenland of an implement which 
almost certainly came from the Alaskan Eskimos in the vicinity of Bering Strait; also 
the prevalence of driftwood on the Greenland coasts and the north coast of the Spitz
bergen Islands, the species indicating that a large portion of this wood came from 
northern Siberia. 

The voyage of the Fram verified his previous calculations in a remarkable manner. 
That vessel became fast in the ice at a point northwesterly from New Siberia, September 
22, 1893. It thence drifted to a point north of the Spitzbergen Islands, having passed 
about midway between Franz Josef Land and the North Pole. It was released from 
the ice June 14, 1896, thus having drifted for 33 months, the distance made good being 
900 miles. At the beginning of the drifting the rate of the current was a little n1ore 
than half a mile per day, and increased to l mile near the end. 

Having established the existence of these two prevailing surface currents, and 
noting that both eventually flow to southern Greenland, the question arises as to why 
the Jeamzet/e did not drift almost due north instead of bearing off to the west. The 
Fra11Z went almost directly toward the eastern coast of Greenland. It is true that after 
the loss of the Jeannette Commander De Long and his party found themselves on ice 
drifting rapidly northward. As already noted, the last 26 days' drifting of tbe boat 
covered abont one-sixth of the entire distance. These facts suggest a broad strait north 
of Bennett Island, beyond which is the corner of a large tract of land dividing the deep 
Arctic channel traversed by the Fra1ll from the shallow sea through which the Jeannette 
drifted. The final accelerated rate and northward direction of De Long's drift seem to 
indicate proximity to this strait. 

This sea extends from Bennett Island to Banks Land. It is about 30 or 40 fathoms 
deep along the track of the Jeannette, and perhaps from 100 to 200 fathoms west of 
Banks Land, where it is known as Beaufort Sea. 

That land probably extends to the north of Beaufort Sea can be inferred from the 
fact that the ice found here is very old, the sea seeming to have no broad outlet through 
wl...ich the ice can escape, as it does north of Siberia. The openings to the east are long 

*Collinson: J,. c., p. 29r. t Richardson: The Polar Regions, p. 232. 



APPE);DIX ~O. 5. COTIDAl, UNES FOR THE WORLD. 

and rather narrow channels. This does not argue against a tolerably broad expanse of 
water extending westward, for the currents setting eastward pre\•ent the ice from escap
ing to the west. It seems probable that land, continuous or nearly so, must extend far 
westward from off Banks Land, for this supposed land and the eastward currents might 
well explain why it is that the ·ice never recedes far northward from the northern coast 
of Alaska nor westward from Banks Land. 

Osborn thus speaks of the ice encountered by McClure in Beaufort Sea: "Ice of 
stupendous thickness and in extensive floes, some 7 or 8 miles in extent, was seen 011 

either hand; the surface of it not flat, such as we see in Baffins Strait and the adjacent 
seas, but rugged with the accumulated snow, frost, and thaws of centuries.''* 

Such are the arguments for the existence of a tract of land extending from near 
the northwest corner of Banks Land, or from Prince Patrick Island, to a point north 
of New Siberia, based upon the drifting of the ice 011 the one hand and upon its age 
and comparatively slight movement on the other hand. 

Let us next consider what are the indications from the tides. In the first place, the 
tide at Point Barrow is semidiurnal in character, with a mean range of 0.4 foot, the 
flood coming from the west. This can not come through Bering Strait, because the 

... tide immediately south of the strait has scarcely one foot range, with a large diurnal 
inequality, and at a short distance north of the strait, at Pitlekaj, where the Vt;i;a 
wintered in 1878-79, the range of the semidiurnal tide was carefully measured and 
found to be only o. 2 foot. \Vhence comes the Point Barrow tide? It can not come 
from the north or east, because all observers agree that the flood comes from the west, 
and that it is high water on the western side of the point considerably earlier than on 
the eastern. -j- De Long's party made careful observations upon the tide at Bennett 

_Island, and these show a range of 2 feet. Such a range, diminished by the broadening 
of the shallow sea to the east of this island, might well be reduced to that found at Point 
Barrow, provided one considers that the range generally diminishes off headlands and 
capes. On the ot!Jer hand, if no land exists north of Point Barrow, how can the tide 
there be much less than that found at Bennett Island, and how can the flood come from 
the west? For practically all of the Arctic Ocean tide is derived from the Atlantic, 
chiefly through the Greenland Sea, and without land near the Pole one of these stations 
would be reached about as well as the other. 

The reasons for not drawing the boundary straight from the Bennett Island corner 
to the Banks Land corner, but deflecting it to the south, are, first, the apparent neces
sity for such a bend in order that the direction of the flood may better accord \\'ith 
observation, and that the times of the tides of northern Alaska may be consistent with 
those at Bennett Island, and, second, the small north-and-south movement of the ice 
north of Alaska indicating that the sea is here probably narrower than it is farther west, 
or north of Siberia. 

In the extreme north this land can not extend much beyond the Pole toward Franz 
Josef Land, because this would undoubtedly have there caused a bend in the track of 

*McClure: L c., p. 83. 
tThomas Simpson: Discoveries on the ~orth Coast of America, 1836-1839, pp. 161, 162, 167. 

Accounts and Papers, ~avy, vol. 42 (1854), p. 162. Lieut. P.H. Ray: Report of the International 
Polar Expedition to Point Barrow, Alaska, p. 678. 
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the Franz's drift. Furthermore, the undiminished range of tide at Bennett Island per
haps indicates that the Nansen channel does not greatly broaden at the Pole. 

Between this supposed land and the islands recently discovered by Sverdrup may 
be other islands, forming a continuation of the Arctic Archipelago and separated from 
one another by channels of moderate depths, or perhaps this land appro,aches the Gar
field Coast and Grant Land. At any rate, the range of tide diminishes from 2 feet at 
Cape Sheridan to 116 feet at Northumberland Sound, Penny Strait, and Lockwood and 
Brainard judged the tide to be small at Greely Fiord. These indicate that the· access 
of the tide from the north is not altogether unrestricted; in fact, part of the tide at 
Northumberland Sound comes from the east through Belcher Channel. 

We come now to another question. A few tides have been observed along the 
northern coast of Alaska by the explorer Thomas Simpson.* They show that the tide 
on the outer coast occurs nearly simultaneously from Point Barrow to Camden Bay and 
Siinpson Cove. But as the international boundary line is approached a great change 
takes place; the tide at Demarcation Point, not 100 miles farther east, is about seven 
hours later in its time of occurrence. Observations are not sufficient for showing how 
this change takes place, but it certainly occurs. A few tides in Mackenzie Bay and 
eastward were observed by Captain Richardsont and Commander Pullen. t The set of · 
th~ flood along the outer coast is given as easterly for all points where it has been observed 
from Point Barrow to and beyond Cape Bathurst; but such observations are very meager, 
probably on account of the smallness of the tide. This would seem to preclude the pos
sibility of the principal part of the tide coming from the north or east; hence the prob
able approach of the polar land to Banks Land, or to Prince Patrick Islanc~, or to Grant 
Land. · 

Suppose an island about 100 miles in diameter to be separated from the coast by a 
shallow strait about 75 miles wide in its narrowest part. By assuming that deeper 
water exists to the west of the strait and island, and that the tide comes from the west, 
it seems possible to account for the sudden change in the time of tide; for the main 
wave, going north of the island, would control the time of the tide to the northeast of 
it, and deep water west of the island and shallow strait would cause the tide at Camden 
Bay and westward to occur remarkably early, just as if this coast were at the head of a 
deep, suddenly terminated canal extending northwesterly.· 

Immediately eastward from this supposed strait both Simpson§ and McClurell found 
that the waves became more like those upon a sea of some magnitude, and the latter, 
sailing a little north of east, found the depths to rapidly increase from 9 to 32 fathoms, 
and soon to 195 with no bottom. 

Now the question is, Why this more sea-like appearance unless some huge obstruc
tion lies immediately to the west? It may, of course, be partly due to the open water 
caused by the influx of the Mackenzie. 

*Simpson: Discoveries on the North Coast oT America, t836-1839, pp. II5, 1i7, 12i:-123, 132, 138, 
161-162, 167, 178, 183. 

t Richardson: Arctic Searching Expedition, pp. 144, 154, 157-16o, 169, 175. 
~Pullen in Reports on Arctic Expeditions, 1852, pp. 35, 38, 40, 51. 
e Simpson: L. c., p. 176. 
II McClure: L. c., p. 82. 
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It will be of interest to note that several Arctic authorities have at various times 
suspected or inferred the existence of land near the Pole. Richardson says: 

The Eskimos of Point Barrow have a tradition, reported by Mr. Simpson, surgeon of the Ploz•t'r 
[in 1832], of some of their tribe having been carried to the north on ice broken up in a southerly gale, 
and arriving, after many nights, at a hilly country inhabited by people like themselves, speaking the 
Eskimo language, by whom they were well received. After a long stay, one spring in which the ice 
remained without movement they returned without mishap to their own country and reported their 
adventures. Other Eskimos have since then been carried away on the ice, and are supposed to have 
reached the northern land, from whence they have not as yet returned. An obscure imlication of 
land to the north was actually perceived from the masthead of the Plover when off Point Barrow.•· 

On August 15, 1850, Captain McClure, anchored off Yarborough Inlet, about half 
way from Point Barrow to Demarcation Point, writes; 

The packed ice to-day, as far as the eye can reach, appears solid ancl heavy, without a drop of 
water discernible. The refraction has been considerable, gidng to the edge of the pack the appear
ance of a continuous line of chalk cliffs, from 40 to 50 feet in height. From the light shady tint, 
which, in different parl~ of the pack, is distinctly \0 isible, 1 should be inclined to think that there may 
be many of the same kind of islands as those we ha,·e met with, extending to the northward, and 
impeding the progress of the ice, thereby keeping this sea eternally frozen.t 

Captain Collinson, who wintered at Simpson Co\·e, 1853-54, actually undertook 
a sledge journey, in the spring, northward, one object of which was to see if land 
would not be reached. The roughness of the ice caused him soon to abandon the 
project. He writes: 

I therefore returned, and with sorrow gave up an attempt which * * * I had looked forward 
to with much interest; thinking that, with anything like a favorable road, I should reach 73° north 
latitude, and settle the question with regard to the open sea, which certainly docs not appear to exist 
here in the same manner as it does to the north of the Asiatic continent. t 

In 187 3 Admiral Sherard Osborn read a paper before the Royal Geographical Society, 
in which he predicted the existence of an archipelago or land extending from near 
Prince Patrick Island up very near to the Pole and thence to Wrangell Island, thus 
forming the northern boundary of a nearly inclosed sea.§ 

A probably less happy prediction was made by Petermann, who contemplated land 
extending northeasterly from Greenland, thence across the Pole to Wrangell Island. 

Sir Clements Markham is quoted as having said, in November, 1896; 

Personally, as I do not believe in any land near the Pole, or on this side of it beyond Franz Josef 
Land, I trust an attempt will be made to explore another portion of the Arctic regions. I believe 
there is land, probably in the fonn of large islands, between Prince Patrick Land and the New Siberia 
Islands.II 

Prentiss discredits there being much land north of Bering Strait, but his reasons 
for so doing can hardly be regarded as convincing. 

The following quotation is from a paper by Marcus Baker, in volume 5 of the 
National Geographic Magazine, entitled "An Undiscovered Island off the Northern 

*The Polar Regions, p. 240. 

tMcClure: L. e., p. 81. 
:j:Collinson: L. c., p. 312. 
§Clements R. Markham: The Threshold of the Unknown, pp. 216-224. 

II Prentiss; The Great Polar Current, p. 105; see also p. 19. 
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Coast of Alaska.'' He sugge~ts that the supposed laud be called Keenan Island. The 
following statements are there furnished by Capt. Edward P. Herendeen, who for many 
years was engaged in whaling: 

It is often told that natives wintering between Harrison and Camden bays have seen land to the 
north in the bright, clear days of spring. 

In the winter of 1886-87, Uzharlu, an enterprising Eskimo of Ootkeavie, was very anxious for me 
to get some captain to take him the following summer, with his family, canoe, and outfit, to the north
east as far as the ship went, and then he would try to find this mysterious land of which he had heard 
so much; but no one cared to bother with this venturesome Eskimo explorer. So confident was this 
man of the truth of these reports that he was eager to sail away into the unknown, like another Colum
bus, in search of an Eskimo paradise. 

The only report of land having been seen by civilized man in this vicinity was made by Capt. 
John Keenan, of Troy, N. Y., in the seventies. He was at that time in command of the whaling bark 
Stambottl, of New Bedford. Captain Keenan said that after taking several whales the weather became 
thick, and he stood to the north under easy sail, and was busily engaged in trying out and stowing 
down the oil taken. \Vhen the fog cleared off, land was distinctly seen to the north by him and all 
the men of his crew; but, as he was not on a voyage of discovery and there were no whales i.n sight, 
he was obliged to give the order to keep away to the south in search of them. The. success of his 
voyage depended on keeping among whales. 

The fact was often discussed among the whalemen on the return of the fleet to San Francisco in 
the fall. The position of Captain Keenan's ship at the time land was seen has passed from my mind, 
except that it was between Harrison and Camden bays. 

It will be noticed that these statements would ~lace the island a little to west of the 
position shown in Fig. 24.* 

47. Character of Arctic tides. 

An inspection of the tidal forces (Fig. 1, Part IV A) shows that the semidiurnal 
equilibrium tide, even if possible, would be very small, because the forces vanish at the 
pole. Again, the dimensions are probably such that no free period of the tide is 
approached. For these reasons the· semidiurnal tide observed in the Arctics must be 
almost entirely derived from other waters. The cotid11l lines indicate that nearly all of 
the disturbance producing the Arctic tides acts through the waters of Greenland Sea. 
The small mean range of tide ( o. 2 foot at Pitlekaj) and the smallness of the diunw 1 
wave at Point Barrow show that the influence of the Pacific extends but a very sh.ort di~.
tance northward from Bering Strait. The shallowness of Barents Sea prevents its infln
ence as a channel of transmission from being of much consequence to the east of Franz 
Josef Land and Nova Zembla. In fact, it is probable that the tide!-1 around nortllc;·:1 
Nova Zembla are derived from the wave north of Franz Josef Land. (See ·Figs. 23. ;:5. 1 

The northern half of the North Atlantic system (e. g., western Europe a::1i 

southern Greenland and Iceland) possesses a good phase inequality which has an ''age·' 
generally of about 30 hours along the outer coasts. In the Arctic the phase ineqtl'.liity 
is of a similar character, with an age varying from 30 to 60 hours. t The tropic range 
of the diurnal wave is about 2 feet for the Arctic Archipelago, diminishing toward the 
west, and about 0.3 foot for Franz Josef Land and Bennett Island, and scarcely 0.2 
foot for Point Barrow. 

* Since this appendix was prepared the writer has noted in a paper read before a section of the 
Eighth International Geographic Congress that the small diurnal tides at Pitlekaj and Point Barrow 
furnish additional evidence of a large tract of 1and near the North pole, 

t Part IV A, ?. 97, Nos. 6-25; also Part IV B, ~ 19, Nos. IOII, 1030, 
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48. Greenland Sea branch. 

From the north end of the North Atlantic system where the range is large (the 
mean range at Reikiavik being ro feet) the disturbance acts through Denmark Strait. 
A smaller disturbance comes chiefly from the loop off Portugal, passing up the outer 
coast of Ireland, Scotland, and Norway. The result is that the tide is about simultaneous 
over the deep Greenland Sea, having a range at Jan Mayen of 3 feet. The tide proceeds 
from this sea toward the Lena Delta, probably at a rate due to depth. The mean range 
is 2.0 feet at Cape Sheridan and at the southern part of Bennett Island. Northeastern 
Franz Josef Land is a turning point of the tide and beyond which the sea suddenly 
widens; the range of tide at Teplitz Bay is only r .o foot. The tide is of about this mag
nitude on the southern coast (at Cape Flora) probably because the wave passing between 
Norway and the Spitzbergen Islands is reduced in amplitude in the northern part of the 
somewhat expanded Barents Sea. From Bennett Island toward Alaska the wave 
proceeds at about the rate due to depth, the range diminishing because of the breadth 
and shallowness of the intervening waters. Judging from the few tidal observations 
made along the northern coast of Alaska_ and eastward, aud which have already been 
referred to, the tide appears to progress in an easterly direction somewhat as shown in 
Fig. 26. If the assumption of a hypothetical island separated from Manning Point by 
a shallow strait is correct, it is probable that nearly all of the tide between Cape Bathurst 
and Dolphin and Union Strait-, is due to the wave passing north of the island. At 
Coronation Gulf the semidiurnal tide practically disappears. At Cambridge Bay, Dease 
Strait, the tide is felt and doubtless comes from the east.* The flood in Prince of \Vales 
Strait has the appearance of setting northeasterly. 'f 

Having traced ·the tide from Greenland Sea to where it disappears at Coronation 
Gulf, it will now be well to note that one branch of probably considerable width passes 
north of Greenland, causing a tide of 2.0 feet at Cape Sheridan, the same wave going 
southwesterly produces the rather small tides at Greely Fiord, the western coast of 
Ellesmere Land, and among the islands to the west. The range of tide at Northum
berland Sound is r.5 feet, a part of which doubtless comes from Jones Sound through 
Belcher Channel. t Another branch from the main channel passes around the north
eastern corner of Franz Josef Land, producing tides in the Yenisei Gulf, Gulf of Ob 
and the Kara Sea, the tide being in general small, probably about r foot on the outer 
coasts, but less up the gulfs and rivers. 

The tides of the White Sea are worthy of note. At th1: southern end of the 
entrance the time of tide changes rapidly-from IX to XII-in a very short distance. 
The north side of the sea is much deeper than are the gulfs of Archangel and Onega on 
the south side; the tide in the former locality is nearly simultaneous, but there is pro
gression in the gulfs. The range of tide is probably about 3 or 4 feet. 

A great crowding together of the cotidal lines appears to occur in the strait between 
Kolgoniev Island and Kanin Peninsula. 

*Thomas Simpson: Discoveries on the North Coast of America, pp. 267, 288, 289, 357, 363. CapL 
Richard Collinson: Journal of H. M. S. Enterprise, p. 291, also map opposite p. · 153. 

t Capt. R. McClure: The Discovery of the Northwest Passage, edited by Osborn, p. 197. 
~Capt. Sir Edward Belcher: The Last of the Arctic Voyages, Vol. 1, p. 105. 
Collinson: L. c., map opposite p. 255. 
Accounts and Papers, Arctic Expeditions, Vol. 25 (1855), pp. uS-120. 
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It is probable that the small tide in the Gulf of Ob progresses at the rate due to 
depth. 

No tidal data for the coast of Siberia, extending from the Yenisei Gulf to Pitlekaj, 
is available, and so the cotidal lines for this coast are only conjectural. 

49. Baffin Ba)' branch. 

We come now to the Baffin Bay branch of the Arctic tides. This covers much less 
area than does the Greenland Sea branch, but the amount of the rise and fall is in general 
much greater. The waters south of Davis Strait, in Davis Strait, and in Baffin Bay are 
characterized by a stationary wave, but everywhere there is a considerable rise and fall. 
The cotidal lines are crowded together in the northern portion of the strait and spread 
apart in the northern portion of Baffin Bay. 

A stationary strait wave exists in Robeson and Kennedy channels, Kane Basin 
being the body of greater range and Lincoln Sea the body of smaller range. The mean 
range for Kane Basin is nearly 8 feet, for Fort Conger 4.3 feet, and for Cape Sheridan 
2.0 feet. The fact that the tide at Cape Sheridan occurs about 1 ~ hours earlier than at 
Kane Basin proves that the tide of Lincoln Sea comes from the north. The known 
tides of this locality gave strong evidence in favor of Greenland being an island some 
years before that fact was practically established by Lieutenant Peary.* 

The Greenwich time of· tide for Kane Basin is a little more than III, the cotidal 
hours increasing toward this body both from the south and from the north. 

The range of tide at Cumberland Sound is unexpectedly large, the mean value 
being 15.9 feet for Kingua Ford and 14.7 feet for Ananito Harbor. 

The tide progressing up Lancaster Sound soon divides, one part going westerly 
through Barrow Strait, the other going southerly through Prince Regent Inlet. The 
former produces the tide in Wellington Channel, Melville Sound, Franklin Strait, 
McClintock Channel, James Ross Strait, Victoria Strait, Dease Strait, and probably 
Coronation Gulf; the latter, the tide in the Gulf of Boothia. 

The tides of Fox Channel are produced by the Hudson Strait tides. They appear 
to be amphidromic, so that the flood goes northward on the cast side and southward on 
the west. The cause is probably the sudden eastward trend of the coast of Fox Land 
at Capes Dorchester and Willoughby, which turns a wave of large amplitude toward the 
northeast. The geography is but imperfectly known on the east side of this channel, 
and no tides or depths have there been measured. 

In the straits of Fury and Hecla, t Bellot, t and Simpson§ the tidal streams are 
strong, because the tides at either end generally differ in range and in phase. 

* E. Bessels: Scientific Results of the U. S. Arctic Expedition, C. F. Hall commanding, Vol. 1, 

pp. 85, 86. 
Capt. Sir G. S. Nares: Voyage to the Polar Sea, 1875-6, Vol. II, p. 356, Appendix by Rev. S. 

Haughton. • 
Lieut. A. W. Greely: Report U. S. Expedition to Lady Franklin Bay and Grinnell Land, p. 699, 

Appendix by A. S. Christie. 
tJournal of Parry's Second Voyage for the Discovery of the N. W. Passage, pp. 319, 336-7. 
tMcClintock: Franklin and his Discoveries, pp. 181-3. 
§Simpson, 1. c., p. 365. 
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CHAPTER VIII. 

THE SEMIDIURNAL TIDES IN THE PACIFIC OCEAN. 

5 l. Character ef Pacific tides. 

Upon referring to the chart of diurnal systems (Fig. 24 1 Part IV A) it will be seen 
that large diurnal tides can not originate in the South Pacific, and observations show 
that the diurnal inequality is comparatively small in these waters. 

The two systems for the semidiurnal tide have been described in §§ 74, 75, Part 
IV A. 

By referring to Fig. 6 it will be seen that there are three principal amphidromic 
regions, the positions of the no-tide points being taken as 30° 24' N., 141° 25' W.; 14° 
7}6' S., 153° 13' W.; and 51° 30' S., 172° ro' W. The first lies between California 
and Hawaii, at the intersection of two nodal Jines; the second, northwest of the Society 
Islands, near two nodal lines and a free boundary; the third, southeast of New Zealand, 
near a free boundary. 

Some progression is inherent in the overlapping of the systems, as has been pointed 
out in § 15. This applies to the first amphidromic region mentioned, especially to the 
coast of Lower and Upper California, and also to the second. 

But openings in the coast line have a widely spread influence. Important open
ings are between C'ape Horn and the South Shetland Islands; between the Peninsula 
-0f Alaska and Kamchatka; through the Kuril Islands; between Japan and Formosa; 
between Formosa and Luzon; through the Sulu Archipelago; between New Zealand 
and Australia. 

The shoaling found to the north and northwest of New Zealand, together with !he 
Fiji and neighboring islands and North Island, New Zealand, form an imperfect bound
ary which gi\·es rise to westerly and southwesterly progressions. 

The central portion of the American coast line is farthest removed from openings 
of this description. Hence it is not surprising to find no progression toward the waters 
off Panama and Colombia, and very little up the Bay of Panama. We find what would 
be expected, viz., small progressions outward from the vicinity of the Galapagos Islands. 

The following are localities .of rapid change of time of tide, due to the fact that 
, regions ha\'ing good ranges but different times of tide lie near each other: Coast of 
Peru, connecting the Panama loop to the loop at Chile; western coast of southern Chile, 
connecting the loop at Chile with the Cape Horn loop; straits through the Aleutian 
Islands, connecting the northern Pacific and Bering Sea. (See lemma 25.) 

Owing to the great extent of the Pacific Ocean, the large number of islands, and 
the considerable variations in depth, it is not difficult to believe that forces of slightly 
different periods may be responded to by modes of oscillation quite different in some 
cases. The land boundaries here are not sufficient for necessitating one particular mode 

390 
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of oscillation· for both the lunar and solar forces; there are many chances for the por
tions of the sea best responding to the lunar forces to annex or discard neighboring 
masses of water which islands and shoals may partially define. (See § 47, Part IV A.) 
Hence we can not generally infer by the equality of S)M. or S 0°-M~

0 at two distant 
loops that the loops form or do not form parts of the same system. Of course between 
neighboring places either of these quantities will generally vary but little. The ratio 
s. M. for the Pacific is, as a rule, less than the corresponding ratio of the forces. The 
cases where it is greater, like Tahiti* and Mazatlan, are so near the nodal lines that 
they little affect the generality of this rule; they simply indicate that the modes of the 
solar oscillation do not exactly agree with those of the lunar, and so at the nodal 
line of the lunar tide there might exist a sensible solar tide. Even Japan is too near to 
a nodal line for having the fact that S)M. there approaches its theoretical value 
seriously affect the generality of the rule. 

On the other hand, the ratio s.'M. is unusually small at Wellington, Port Russell, 
anq Port Chalmers, New·Zealand, a)ld even at Apia, Samoan Islands. 

52. From the Galapagos Islands to Cape Horn. 

The change of tidal hour from the Panama loop to the Chile loop, and thence to 
the Cape Horn loop, has been noted in the preceding section. But the law of the 
change is influenced by the antecedent wave made necessary by the progression through 
the strait south of Cape Horn. (See Figs. 6, 27, 28, 30, 41.) 

In the deep water surrounding the Galapagos Islands the tidal hour is a trifle less 
than VIII, but amongst these islands it is a trifle more than VIII. The tidal hour 
changes rapidly along .the coast of Peru. 

In latitude about 28 °, on the Chilean coast, the time of tide appears to be about an 
hour earlier than in latitude 23 ° or 24 °. This anomaly is probably due to the direc
tions taken by the tidal streams of the oscillation and the progressive wave, causing a 
dependent stationary wave at the first-mentioned locality; lemma 32, case 4. In latitude 
about 41° there is a crowding up of the cotidal lines at the coast. This is a species of 
turning point of the tide and is to be regarded as analogous to a cape guarding the 
entrance to a broad bay; lemma 28. The direction of the tidal streams-say loo or 
more miles offshore-are, at this latitude, probably nearly parallel to the shore instead 
of being normal to it, as an early tide requires. ·The crowding up of the cotidal lines 
near the western end of Magellan Strait is explained in a similar way. 

In Corcovado Gulf is a dependent stationary wave having a 12 or 13 foot range at 
the head. This produces strong currents (4 to 5 knots) in Chacao Narrows. (Cf. 
~ 106, 'Part IV A.) 

The range of tide is 3.0 feet at Valparaiso and 4.3 feet at Cape Horn. 
The axis of the southeastern half-wave length of the South Pacific system may be 

supposed to terminate in longitude 69° W. The theoretical tidal hour is VI at this 
Cape Horn loop. Now, superimpose upon this stationary wave an easterly progressing 
wave of equal amplitude and whose tidal hour is VIII t at longitude 69° W. (§ 3); 
the result will be the irregular progression shown in Fig. 6 along the axis of the area. 
Here A. is taken as 84 ° of a great circle. 
------·-· ' 

*See Ferrel's Tidal Researches; also this manual, Part 1, Fig. 17. t Lemma 2r. 
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53. From Cape /lorn to Urug·uay. 

Upon referring to the chart of semidiurnal systems (Fig,_ 23, P~rt IV A), it will be 
seen that a loop of the South Pacific system has southern c;'.hile and. 9raham Land for 
its eastern boundary. The intervening strait, const_ituti1~~ an openiu~ ip thi_s boundary,. 
causes a large wave to progress into the Atlantic. Fig. 29 shows th.at the disturbance 
thus transmitted. produces the tide on the eastern coast of South America up to and 
including the tide in the Rio de la Plata. North of this river the tide becomes Yery 
small, especially at Rio Grande do Sul, and a cro·,yding together of the cotidal lines is 
there necessitated in order to coalesce with the Brazilian tide due to the South Atlantic 
system. 

The tide occurs earlier on the southeastern coast of the Falkland Islands than else
where in this group. One branch of the tide swings around to the north, going rapidly 
in the deep water northeast of the islands. The other branch appears to progress 
slowly along the south coast. In reality this rapid change in the tidal hour is due to the 
fact that the times are here governed by the large tides between Staten Island and Port 
Santa Cruz. (See~ 14.) The two branches are united into one off the western extremity 
of'°the group. The tide enters Falkland Sound from both ends and meets near the 
center. For most of the inland water between \Vest Falkland Island and Pebble Island 
the tide progresses easterly, the larger opening being to the west. 

Three stationary waves, existing because the resultant flood is in certain localities 
largely directed shoreward, occur along the eastern coast of Patagonia. The head of the 
first extends from Magellan Strait to Port Santa Cruz. The length (to the 100-fathom 
line) may he considered as being close to){ A., and therefore favorable to the production 
of large tides. The second includes the Gulf of St. George, with off-lying shallow 
water; its length lies between ~ A. and ~ A.. The third includes the Gulf of San 
Matias and immediate approach; its length lies between o and ~ A., but nearer to ~ A.. 

The tide in the first is caused by the tide between the Falkland Islands and Tierra 
del Fuego. The shore line receding at Port Santa Cruz a progressi\•e wave moves 
northward (lemma 19 ). This combines with a wave coming from the east, causing the 
tide which sustains the stationary oscillation in the Gulf of St. George. At Cabo del 
Sur, marking the northern limit of this gulf, the receding shore line gives a northward 
progressive wave. On account of the early arrival of the wave coming from the east, 
the resultant tide must change its tidal hour rapidly between this cape and Delagada 
Point, Valdes Peninsula. Similarly, the tide east of this peninsula sustains a large 
oscillation in the Gulf of San Matias and Port San Jose. Hence the greater range of 
tide on the north side of the peninsula and its connecting isthmus. At Point Raza the 
shore line suddenly recedes, giving rise to a northerly progression, which follo~vs the 
shore line around El Rincon until it meets the wave coming from the southeast. 

Thus we see the necessity for two wave eddies such as have been referred to in 
the latter part of § r 3. It is probable that § 5 may be of some assistance in explaining 
them. 

The positions assigned to the no-tide points are 45 ° 18' S., 63 ° 37' W., and 40° 
55' s., 600 45' v..T. 

The tide in the Rio de la Plata is a progressive wave, advancing at about the rate 
due to depth. Although this estuary is funnel-shaped and of decreasing depth, the 
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irregular shoals so impede the progress of the wave that the range of tide remains 
about constant. It is 2 feet at Montevideo and 1.8 feet at Buenos Ayres. Here the 
tide occurs eleven hours later than in the deep water off the mouth of the ri\'er. 

The range of tide in the eastern portion of Magellan Strait is about 30 feet; after 
passing the first narrows it is about i6 feet, and in Broad Beach, beyond the second 
narrows, 4 feet. The tidal streams in these narrows are strong and due to hydrau:lic 
effects, §§ 9, 105, Part IV A. The tidal hour increases southward and westward. 
The hour increases from Froward Reach to Cockburn Channel along either end of 
Clarence Island and coalesces with that of the tide which progresses eastward through 
the strait between Cape Horn and Graham Land, thus completing a cycle ·of values. 
The branch of the tide which follows the strait proper from Froward Reach westward 
meets the tide from the west near the eastern end of Desolation Island. One branch 
of the tide from Froward Reach produces the tide in Otway Water. 

54. From t!te Galapagos Islands to Britis!t Colunibia. 

The Panama loop of the North Pacific system, marked IX in Fig. 23, Part IV A, 
is made possible by the fact that the trapezoidal branch of this system has a loop not 
far away also marked IX. Hence by the latter part of lemma 25 the tidal hour for the 
intervening waters should be IX. The Panama loop may, therefore, he described as 
having a large portio11 of its southern boundary latent (§ 29, Part IV A). Only at 
th~ extreme eastern end is there a rigid southern hotmdary. Observations indicate 
VIII instead of IX for the tidal hour of this loop. (See Fig. 30.) This discrepancy 
is probably clue to the progressions (antecedent waves) setting out from this loop both 
southerly and northerly. 

Some inward progression occurs in the gulfs along this coast. How the tide is 
delayed at the mouth of a bay. and how the far side of the mouth of a bay is sometimes 
reached as early as the near side have been explained under lemma 31, cases 3, 4. 

The nodal line terminating just above Acapulco is remarkably well defined both by 
the small range and remarkably sudden change in the tidal hour. 

The tide in the Gulf of California is chiefly stationary, although there is enough 
inward progression to prevent there being a no-tide point from which the cotidal lines 
would radiate. 

On account of the low latitude and the obstructions due to islands, the effect of 
the earth's rotation in crowding together the lines on the Lower California side and 
spreadini:; them apart on the opposite side is probably less marked than in the. case of 
the English or Irish Channel. 

'l'he range of tide at Mazatlan is 2 .6 feet au cl at the head of the Gulf about 20 feet. 
Strong tidal currents due to hydraulic effects(§ 106, Part IV A) occur between Tiburon 
Island and the mainland. 

The progression along both Lower and Upper California is due to the overlapping 
of the two Pacific systems (§ 15). 

The curved nodal line of the North Pacific system terminating at Point Arguello is 
obscured by a loop of the South Pacific system. From this cape northward to Alaska, 
the range of tide increases. It is 3.6 feet at Point Arguello and 7. 7 feet at Sitka. 
Ranges varying from IO to 15 feet are usual for the inner waters of Alaska. (See 
Figs. 32, 33. ) 
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The Gulf of Geo:rgia, including the Juan de Fuca Strait, has a large. stationary 
wave whose nodal line is near Discovery Island Light. There is, however, some 
progression, so that the influence of the earth's rotation is to cause the cotidal lines to 
crowd together. at the Vancouver end and to spread apart on the Washington side, 
where, as is usual in such cases, the range of tide is considerable. 

The tide entering Queen Charlotte Sound reaches the vicinity of Discovery Passage 
several hours before the time of tide in the upper end of the Gulf of Georgia. The 
range of tide in the first locality is somewhat larger than the range in the second. The 
hydraulic effect is a current in Seymour Narrows of from 4 to 8 knots (§ ro6 and Fig. 
32, Part IV A). 

Upon referring to the table given under § 97, Part IV A, Nos. 2 l 5-2 l 9, it will be 
seen that the ratio S/M, for Mazatlan and near-by stations in L<>wer California is larger 
than the ratio of the corresponding forces. For all other parts of the Pacific coast of 
America from Cape Horn to Bering Strait the tidal ratio is less than the ratio of the 
forces. 

55. Alaska and Bering Sea. 

The north angle of the large triangle forming the greater part of the North Pacific 
system is bounded for a considerable distance by the coast of Alaska. Iu § 74, Part IV 
A, it was pointed out that the range of tide should here be large and that its 
theoretical hour should be not far from IX. Upon referring to the charts of cotidal 
lines, Figs. 31, 33, we see this to be the case. The chart covering lower Alaska, Fig. 
33, shows that the tides in the numerous canals seldom occur more than half an hour 
later than do the tides outside. The range, however, is considerably increased. These 
facts show that the tide in these canals consists largely of a stationary wave a moder
ately small fraction of a wave length long. (See also§ 91 and Fig. 32, Part IV A.) 
The small difference in both time and range of tide throughout these canals and straits 
prevents the tidal streams from becoming as violent as the large range of tide and the 
peculiar formation of the coast might indicate. But hydraulic effects are not altogether 
wanting; in Clarence Strait, northeast of Prince of Wales Island (Fig. 33, Part IV A) 
the tidal current is 5 knots. Strong currents are likewise found in Sergius Narrows, 
Peril Strait. Throughout most of the canals and straits tolerably strong currents are 
necessitated for carrying. in and out the large tidal volumes. 

The large tides in Cook Inlet probably indicate that the virtual length of this body 
is about 7-( A.. 

The diminution of range of the Pacific tides experienced in going west from the 
Gulf of Alaska indicates the existence of a nodal line farther on. But the Bering and 
Okhotsk seas are bodies of water which permit extensive progressions, and so it is not 
strange to find an antecedent wave as far east as the Gulf of Alaska, and to find the 
nodal line off Rat Islands much obscured in consequence. · 

Tl~e tides of Bering Sea are derived from those of the Pacific. (See chart of 
soundings, Fig. 19, Part IV A, and chart of cotidal lines, Fig. 34, Part IV B.) 

The Gulf of Anadir, although shallow, is characterized by a stationary wave, and 
so by nearly simultaneous tides. 

Between St. Lawrence Island and Alaska the tidal hour changes rapidly and the 
range diminishes in going northeasterly through this st:·ait. 
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At the mouth of the Yukon River the range of tide is r.4 feet; 60 nautical 
miles up the river, the range is 0.4 foot. 

Norton Sound is an amphidromic region, the no-tide point being about Ji A. from 
the head of the sound. Without the deflecting force of the earth's rotation, this body 
of water would constitute a dependent fractional area with a nodal line running nearly 
north and south. But this deflecting force, on account of the narrowness of the sound, 
causes the water to pile up on the south side and to recede from the north side when 
the eastward motion across the nodal line prevails. The reverse is true for the west
going stream. On account of the relatively large diurnal wave in Norton Sound there 
is generally but one high water per day when the moon is far from the equator. 

Around St. Lawrence Island the time of the tide probably assumes all values, as
shown on the cotidal chart, but no observations for establishing this supposition are 
available. The range of tide is probably about I foot at the east end and somewhat 
greater at the w~st end. 

The range of tide in the deep water south of the Pribilof !Stands is about 2 feet; 
but the extensive shoaling and favorable configuration of the shore line cause the range 
to become 20 feet near the heads of the estuaries terminating Bristol Bay. There is 
undoubtedly considerable tide in Kuskokwim Bay. 

From the Peninsula of Alaska westward to Umnak Island are numerous passages 
leading from the Pacific to Bering Sea. Through these the time of tide changes rapidl~·. 
The tidal streams are swift, particularly in the narrow passes, and are, in the main, 
hydraulic effects (§ 106, Part IV A). The range of tide is much greater on the south
ern side of these islands than on the northern <>ide or in the passes. 

56. Islands ef tlze Nortli PaClfic. -The cotidal charts covering this region are Nos. 3 I, 35, 36. 
The progression for waters lying easterly and northerly from the no-tide point 

situated between California and Hawaii has just been explained as being due to the 
overlapping of systems in the one case and the broken northwestern boundary of the 
Pacific in the other. The question now arises as to what may produce a southerly 
progression for the waters lying to the west of this point. By referring to the chart of 
systems it will be seen that north of this point is a region marked IX and south
southwest of it one marked XII. But XII or o combined with III, \vhich number 
covers a very wide region, gives an intermediate value, say IYz. We should therefore 
expect to find a change from IX to IYz for the western side of the amphidromic region, 
especially if there exists a favorable progressive wave in the vicinity of the nodal line 
west of the no-tide point. Such a ·wave is the antecedent wave moving toward the Fiji 
and New Hebrides Islands and involved in the progression caused by the shoaling and 
openings north and northwest of New Zealand, where the rise and fall of the South 
Pacific system is considerable (Fig. 20, Part IV A). It extends northeasterly to and 
even beyond the Hawaiian Islands, giving to the tides of all intervening waters a 
tendency to progress southwesterly. 

South of the no-tide point is a region over which the time of tide changes but little, 
that time being between IYz and II, which is, of course, intermediate between XII and 
III. In this region progrt!ssive waves, if felt at all, are small in comparrison with the 
resultant stationary wave. 
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West of the Hawaiian Islands a general westerly progression is apparent because of 
the small range of the stationary wave over the extensive region marked III on the chart 
of systems. This is caused in part by the antecedei1t wave jnst referred to, hut chiefly 
by similar waves entrained by the tides of the Sea of Okhotsk and the Yellow and 
China seas. In the western angle of the North Pacific triangle (between the Philip
pines and Guam) this progression is no longer apparent, partly because of the directions 
and limitations of ti1e antecedent waves and partly because the range of the stationary 
tide becomes great as the angle of the triangle is approached(§ 27, Part IV A). 

57. From Kamchatka to Japan. 

The tides at Petropaulovsk, although not different in character from the tides of 
British Columbia and Alaska, have some historic interest because they were observed as 
long ago as 1828 and found to possess a large diurnal inequality, especially in the low 
waters. 

Very little is known of the tides in the Sea of Okhotsk and comparatively few 
soundings have been made. 

The tide is probably large in gulfs of Jijiginsk and Penjinsk; the range for the 
western and northern shores of the sea is probably 7 or 8 feet. 

Upon referring to Fig. 23, Part IV A, it will be seen that a nodal line passes 
through the Caroline Islands just east of the Ladrone Islands and terminates off the 
eastern coast of Japan. On account of the progression up the Yellow Sea, and into the 
China Sea, it is probable that the northern end of this nodal line will be somewhat 
obscured by the antec~dent wave. However, Fig. 36 shows a sufficient crowding up 
of cotidal lines to prove the existence of a nodal line. The fact that the tide reacl1es 
the eastern coast of the Philippine Islands within less thaM an hour after the time it 
reaches Guam, and that the range in the former locality is several times greater than in 
the latter, shows clearly the existence of a nodal line and loop. 

Along the eastern coast of Japan to about the latitude of Tokyo the range of tide 
is about 2 feet. Going thence westerly along the coast the range continually increases, 
being 6.2 feet at Nagasaki. 

The tide, entering from the south, progresses up the Inland Sea as far as the most 
northern point of Sikok Island, where it is met by the tide from the northern entrance. 

The tidal hour changes rapidly from IXYz to I}lz and from X to IYz in the southern 
and northern straits, which connect this sea with the northern entrance, or Kii Channel. 

The tide reaches a point on the eastern coast of Kiusiu Island remarkably early 
for reasons given under lemma 32. 

The tide which progresses westerly through Bungo Channel coalesces with that of 
Korea Strait a short distance west of Simonoseki. 

The tides in the Sea of Japan are caused mainly by the disturbance acting through 
the Strait of Korea, where the cotidal lines are amphidromic. It is high water nearly 
simultaneously over the southern half of the sea, and this happens at about the time 
of low water for the southern end of the strait. The case is one of a tidal body pro
ducing tides in a nearly tideless sea. Hence § 35, Part IV A, the greatest inward 
velocity occurs three hours after high water at the south end of the strait. The extreme 
south end of the sea being narrow, the deflecting force of the earth's rotation causes it 
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to then be piled up along the Japanese coast, while it recedes from the Korean coast. 
The reverse occurs on the outgoing stream. 

The table given under § 97, Part IV A, and continued under § 19, Part IV B, 
shows great activity on the part of the Japanese in obser;ing and analyzing tides. The 
ratio S,' ::VI, has here generally about its theoretical value; but as the nodal line is not 
far away, the value of the ratio here can not be expected to compare closely with its 
value in other parts of the system. 

58. Philippine Islands and C!tina. 

The cotidal chart of the Philippine Islands, Fig. 3 7, shows that the tidal hour for 
the Pacific coast of these islands is about IX Yz. 

The tide of the Celebes Sea is almost simultaneous with the tide east of the islands. 
The tide is delayed and its character somewhat altered in passing through the Sulu 
Archipelago into the Sulu Sea. 

In passing through the channel north of Luzon the tide is much retarded. Over 
the deeper portion of the China Sea the tide is nearly simultaneous and the range small. 
Somewhat similar instances to this are Denmark Channel and the basin extending 
then<::e to Spitzbergen, also the strait south of Cape Horn and the deep waters towards 
South Georgia and the Sandwich Group. As the tide enters the China Sea it is delayed 
at the coast of Luzon, lemma 28, and the cotidal line becomes nearly parallel to the 
western coast of Luzon and Palawan. 

Which part of the tide comes directly from the Pacific and the Celebes Sea and 
which part from the China Sea can be seen upon the map. It will be noticed that the 
tide ranges of Sul u Sea comes mainly from the south. By observing where bracketed 
occur, localities which at times have but one high water daily can be inferred. 

In the southern part of San Jacinto Strait the time of tide changes suddenly from 
XYz to II, and in San Bernardino Strait from IXYz to II. 

The tide passes up the Yellow Sea at nearly the rate due to depth. Between 
Shantung Promontory and Korea there is some crowding together of the cotidal lines. 
By lemma 28 the northern shore of Shantung Promontory should have very late tides, 
and observations at \Vei-hai-wei show that such is the case. (See also§ 14.) The 
wave advances northwesterly through the waters connecting the gulfs of Pechili and 
Liaotung, to the northwestern shore near the terminus of the Great \Vall. One branch 
passes northeasterly up the Liaotung Gulf; the other follows the western and southern 
shores of the Gulf of Pechili, finally coalescing with the incoming waves, thus forming 
a wave eddy (§ 13). 

The chart of cotidal lines (Fig. 36) shows the range to be generally large for the 
eastern coast of China, and especially for the western coast of Korea. The range at 
Wei-hai -wei is, however, only 4.5 feet. 

Some observations made upon the bore of the Tsien-tang Kiang are shown in Fig. 
19, Part I.* 

Lemma 28 applies to the northern and southern ends of the island of Formosa, and 
the cotidal lines finally become parallel to the sides of Fom10sa Strait. 

*This bore is described by Prof. G. H. Darwin 011 pp. 59-71 of his book entitled "The Tides an<l 
Kindred Phenomenon in the Solar System." 
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In passing up the Gulf of Tonkin the small semidiurnal tide from the China Sea 
becomes very small toward the head of the gulf, while the diurnal tide suffers no such 
diminution. The tide here is of historic interest, having been observed by Francis 
Davenport and discussed by Dr. Edmund Halley and Sir Isaac Newton.* 

From the deep portion of the China Sea an extensive progression extends to Singa
pore and to the Gulf of Siam. This gulf causes an increase in range as Bangkok is 
approached. t The progression to Singapore coalesces with that of the Strait of Malacca 
and continues southeasterly for a short distance along the coast of Sumatra. At Banca 
Island it turns east, and reaching Borneo turns northerly, finally coalescing with the 
incoming tide. This is a species of wave eddy, mentioned in§ 13, whose period requires 
24 instead of 12 hours. It resembles the one occupying the greater part of the :North 
Sea. It is probable that for considerable' distance around the no-tide point the range of 
tide is very small. 

The tides of Gillolo Passage, Molucca Passage, and Macassar Strait are shown in 
Figs. 7, 36. They coalesce with the Pacific tides at the northern ends of the passes. 
In case of the first two some crowding up of the lines is required, w'lile the northern por
tion of Macassar Strait is characterized by simultaneous tides. (See§§ 35, 102, Part 
IV A.) 

By means of a large-scale chart of soundings the apparently irregular arrangement 
of the cotidal lines in the Banda and Java seas are easily accounted for, at least in a 
general way. The tide progresses westerly in the Java Sea because the range of the 
ocean tide upon which it depends is large near the loop and small near the node of 
the North Indian system. 

59. Islands of tlic Soutlz Pacific. 

The sequence of tidal hours around the no-tide point near the Society Islands can be 
obtained from the following considerat.ions: According to the loops of the oscillating 
systems (Fig. 23, Part IV A), east of the point the hour should be IX; north of the point 
it should be I and II; west of the point it should be VI; south of the point there should 
be little or no tide. The antecedent wave involved in the progression resulting from 
the shoals and openings north and northwest of New Zealand indicates that northwest 
of the no-tide point there is a progressive wave moving southwesterly. Southwest of 
the point is a sector over which there is little progression, as the tidal hours for the 
Samoan and the Hervey or Cook Islands go to show. South of this point the range of 
tide.is small, but an eastward progression is necessitated because the tidal hour for the 
Cook Islands is VI while for Rapa or Oparo Island it is IX~ and for Tahiti between 
X and X ~. East of the point there is a northward progression, as observation made 
in the Low Archipelago and on the. Marquesas Islands prove. Observations made on 
the Marquesas, Caroline, and Penrhyn islands prove a westerly progression to exist north 
of the no-tide point. :Northeast of the point, the change in tidal hour is yery slow, as 
might have been inferred from the chart of systems. All these considerations agree in 

*See H 85, 88, Part I. 
t Since Fig. 36 was drawn, new constants for several places in Cochin China have become avail. 

able through the French colonial tide tables for the year 1904. They indicate that the tidat hours for 
Nha-trang and vicinity should be increased by an hour or more; also, that between Cambodia Point 
and Hatien the tide is much delayed in accordance with ~ 7. 
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giving an amphidromic region similar to the one shown in Fig. 38. The position of 
the no-tide point is quite accurately fixed by the ·known tides at Tahiti, and Tonga-reva 
or Penrhyn islands; at these two places the range is small, and when it is high water 
at the one it is almost low water at the other. 

It may be well to note that no observations appear to have been made for the 
central portion of the loop marked IX. 

The tides at Pitcairn, Hend~rson, and Ducie islands would probably be little influ
enced by those not belonging directly to the system. 

Between Easter Island and Sala-y-Gomez a rapid change takes place in the tidal 
hour. This crowding up of the cotidal lines is due to the proximity of a nodal line 
modified by the wave antecedent to the Cape Horn eastward progression. 

The Kermadec, New Hebrides,, Fiji, and Ellice islands all lie at or near the western 
loop of the South Pacific system. Their theoretical tidal hour is VI. However, the 
southwesterly progression started by the·imperfect character of the outer boundary of 
this loop has the effect of making the number of the hours increase southwesterly. 

The tide on the southwestern coast of New Caledonia occurs 2 hours later than on 
the northeastern. (~f. lemma 28.) 

In going westward from the Gilbert and Ellice islands to the northern coast of 
New Guinea t:he range of tide continually decreases, indicating approach to the nodal 
line which passes just east of the Ladrone Islands. 

The progression from the Marshall and Gilbert islands through the Solomon 
Islands, thence across the Coral Sea to the Australian coast, seems to be the result of 
two neighboring regions having tides at different hours. In the first region the tidal 
hour is about V and in the latter IX. Thus the tide in the Coral Sea comes from both 
the north and the east, the tide from the east being the controlling factor. 

The extreme shallowness of Torres Strait prevents the Pacific tide from exerting 
much influence on the tides in the Gulf of Carpentaria. 

60. New Zealand and eastern coast of Australia. 

The westward and southwestward progression resulting from the imperfect support 
of the western loop of the South· Pacific system constitutes the tides along the eastern 
coast of Australia and in the adjacent waters. One portion going southwesterly 
through the broad passage between New Zealand and Australia has the effect of pro
ducing, with the aid of the South Indian system and the XII loop of the South Pacific 
system, a region south of this passage over which the tides are nearly simultaneous. 
The progression extends completely around New Zealand, the portion found east of 
North Island being an antecedent wave. The tidal hours thus form a complete cycle 
of values (§ 14). 

The tidal hour at the south end of Cook Strait is IV~. The hour increases in going 
northward to X on the southern shore of North Island and to IX~ near Cape Farewell, 
where it meets the tide progressing clown the western coast of the islands. The range 
at the south end of the strait is considerably less than at the north end. The motion 
in the strait is largely a stationary oscillation. The maximum velocity occurs about 
3 hours after the maximum surface slope through the strait. (Cf. §§ I 1, 35, 102, 

Part IV A.) In many parts of this strait there are strong tidal currents. 
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A no-tide point southeast of New Zealand appears to be required for the following 
reasons, although its exact location is, of course, doubtful: Observations show a sequence 
of hours, I to VI, to the west and northwest of the assumed point. To the north there 
must be a crowding together of cotidal lines because of the proximity to a nodal line. 
For the Chatham Islands the tidal hour is IV~ and for Rapa or Oparo, near the loop 
marked IX on the chart of semidiurnal systems, it is IX ,76, indicating that the tidal 
hour increases in going northeasterly from Chatham Islands. East of the point the 
theoretical considerations indicate th~t the tidal hour must be XII (Fig. 23, Part IV 
A). Hence the southeasterly increase from IX 76 to XII.' This change is probably 
helped along by the antecedent wave of the Cape Horn progression. To the south 
must be a wide sector of nearly simultaneous tide, because observations made at Auck
land and Campbell islands, west of the point, give a tidal hour but little different from 
the theoretical tidal hour southeast of the point. 

6 r. References to observations aud discussions of Paajic Ocean tides. 

General reference.-Tide Tables by the Admiralty. 
Cape ./:lorn.-Mission Scientifique du Cap Horn, 1882-3. 
South America and 1ieig/1boring islands.-Voyages of the Adventure and Beagle, 

Appendix to Vol. II. 
United States of America, Alaska, Ifawaiian Islands, Guam, and P!tilippiue 

lslands.-Coast and Geodetic Survey Tide Tables and Coast Pilots; this manual, 
table under § 97, Par_t IV and§ 19, Part IV B. 

Bn'tislz Columbia.-Reports of the Survey of Tides and Currents in Canadian 
Waters, 1901, 1903. 

Japan, I<orea, and C/tina.-Comptes-Rendus de l 'Association Geodesique Inter-
nationale, 1900. 

China.-Proceedings of the Royal Society of London, Vols. 45, 71. 
Rawak lsla11d.-Voyage Autour du Monde, de l'Uranie, Vol. II, Paris, 1826. 
Tahiti. -Coast Survey Report for 1864. 
Reise der Novara unter Wiillerstorfurbair, 1857-59. 
Australia.-Proceedings of the Royal Society of·London, Vol. 7i. 
Campbcll /sland.-Passage de Venus, Recueil de Memoirs, etc, Vol. 2, Paris, 1878. 
Campbell Island and Gambier lsland.-Annales Hydrographiques, r9oi. 
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PRECISE LEVELIN.G FROM RED DESERT, WYOMING, TO 
OWYHEE, IDAHO. 

By JOHN F. HAYFORD, 

Inspector of Geodetic Work; Assistant, Coast and Geodeti'c Survey. 

This line was leveled in four sections, namely, from Red Desert to Azusa, Wyo., 
by Harold D. King, Aid, May 20-July 31, 1903; Ogden, Utah, to Azusa, Wyo., by 
Ralph L. Libby, Aid, May 2-July 31, 1903; Ogden, Utah, to Pocatello, Idaho, by Mr. 
Libby, August 5-September 28, 1903; and Pocatello to Owyhee, Idaho, by Mr. King, 
August 4--0ctober 24, 1903. The line follows the Union Pacific Railroad from Red 
Desert to Ogden, and the Oregon Short Line from, Ogden to Owyhee. This line is con
nected at its eastern end at Red Desert, Wyo., with the precise level net shown in 
Appendix 3 of the Report for 1903. "Precise Leveling in the United States, 1900-
1903.'' It is expected that the extension of this line will connect with Pacific sea level 
at Seattle, Wash., and thus furnish the first connection by precise leveling between the 
Atlantic and the Gulf of Mexico on the one hand .and the Pacific on the other. 

lNSTRUMaNTS AND Rons. 

Mr. Libby used precise level No. 8. Mr. King used precise level No. 7, except as 
noted below. Both these instruments are of the most recent type and are fully· 
described in Appendix 3 of the Repcirt for 1903, pages 200-211. On July 8 level No. 
7 was accidently dropped from the railway bridge into Green River, at Greenriver, 
Wyo., and the telescope broken. Level No. 5 of the intermediate type described on 
page 418 of Appendix 8 of the Report for 1899, "Precise Leveling in the United 
States," was immediately sent from Washington to the -party and was used from July 
17 to July 31 over the line from Greenriver to Azusa, Wyo. 

The value of a 2-millimeter division on the level vial of either instrument, No. 7 
or No. 8, is slightly less than 2". The telescope of each of these instruments has a 
clear aperture of 4.2 centimeters and a focal length of 41 centimeters. 

Mr. King used rods T and U. Mr. Libby used rods R. and S. These rods are 
of the type described on pages 418-419 of Appendix 8. of the Report for 1899. The 
rods are of the direct reading type and carry a centimeter graduation on which readings 
are made to millimeters by estimation. 

The lengths of the 3-meter interval marked on each of the rods, by a fine gradua
tion on metallic plugs in its face, as determined by the Bureau of Standards, before 
and after the field work, and reduced to o° Centigrade, are as follows: 

May 13, 1903 
Jan. 9, 1904 

RodT 

3ru+1mru. 5 
3 +1 .o 

RodU I 
3m+1mm. 3 Dec. 13, 1902 
3 +o . 9 Oct. 17, 1903 

RodS 

3m+1mm.3 
3 +1 .2 

405 
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Each rod was measured with a steel tape at least twice each month while in the 
field. The readi11g of the rod thermometer was always noted in connection with these 
measurements and care was taken that t):ie rods and tape should be at the .temperature 
of the. atmosphere ·~;o th.at· reliable comparisons could be made. These measurements 
were made in order to detect, if possible, any change in the lengths of the rods during 
the season. t'hey do not give the absolute lengths of the rods at any time, as the error 
of the tape with which the measurements were made is not known. 

The field measurements tabulated below i11dicate clearly that the change in length 
of rods T and U indicated. by the measurements at the Bureau of Standards took 
place at about the time Mr. King moved from Azusa, Wyo., to Pocatello, Idaho, 
August 1. These were well-seasoned rods which had been in use since 1899 and a 
change in length was unexpected .. These rods T and U were, in 1899, before being 
sent to the field for:the.first time, 3m+o111m.7 and 3m+o"'m.4 long, respectively. As is 
frequently .~he case with such rods, made· of pine impregnated with paraffin, they 
increased in. length du.ring.the .first. &eason of use to 3m+1mm.5 and 3m+1mm.3, respec
.t'iv:eiy .. ~They then remained.practically constant in length until the end of July, 1903, 
wheQ, as noted above, they shortened to a length about midway between their original 
leng,th and the constant length held in 1900-1902: 

In accordance with· the eddence of the field measurements of the rods, the compu
t~tion .was made for the line Red· Desert to Azusa, Wyo., by using the lengths as 
determiped at.the Bureau of Standards on May 13, 1903, and for the line Pocatello to 
Owyhee, ~daho, by using the lengths as determined on January 9, 1904, on the suppo
sition that the change in length occurred while moving from one line to the other. For 
the first line the mean excess of length of the two rods at o 0 used in the computation 
was 0.47 millimeter per meter and itl the computation of the second line 0.31 millimeter 
per meter. 

Neither the field me~surements nor the Bureau of Standards' measurements indi
cated any change iii. the lengths of R, and S during the season. The computation was 
made with the niean exceSs fi;om the four measurements of the two rods as shown above, 
namely, 0.35 millimeter per meter. The total range in the field measutements of the 
3-meter interval on rod R. was o.6 millimeter, and on rod S, o.8 millimeter, after rejecting 
one measurement in each case which was evidently in error. 

The index corrections for the rods, as determined at Washington before antl after 
the field work, were as follows, in millimeters: for rod T, -o.6 and rod U, -0.5 on April 
29, 1903; for rod T,_-o.6 and rod U, -0.7 on January 15, 1904; for rod R,, -0.4 and 
rod S, -0.7 on April 6, 1903; and for rod R,, -0.5 and rod S, -o. 7 on Octobet 13·, 1903. 

RESULTS AND THEIR ACCURACY. 

The methods of observation are stated in detail on pages 2 r l-222 of Appendix 3 of 
the Report for 1903. · 

The direct results of the leveling are shown in the following tables, in which all 
the permanent bench marks are given. 

If no distance is given in the fourth column, the bench mark is in the main line of 
levels. If a distance is given fn the fourth as well as the third column, the bench.mark 
is on a spur and the distance given in the fourth column shows the point at which the 
spur branches from the main line. 
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Each short section, usually from l to 2 kilometers long, into which the line was 
divided by permanent and temporary bench marks, was leveled at least twice, once in 
the forward and once in the backward direction. On each section upon which a for
ward and backward measure differed by more than 4rumvff? (in which Kis the distance 
leveled between adjacent bench marks in kilometers), both the forward and backward 
measures were repeated until two such measures fell within the limit stated. The fifth 
column gives the total discrepancy accumulated at each permanent bench mark between 
the ~levation as computed from the backward lines and from the forward lines separately. 

The elevations given in the last column are referred to mean sea level on the 
Atlantic ~nd the Gulf of Mexico, and are based upon the adjustment of the precise 
level net as given in Appendix 3 of the Report for 1903. 

These are the best values of the elevations for these bench marks which are avail
able at the date of the preparation of this report. They are given to tenths of milli
meters. This does not imply that the tenths are free from error. For bench marks 
not more than 4 kilometers apart the difference of elevation is uncertain in the milli
meters and tenths; for bench marks from 4 to 400 kilometers apart the centimeters are 
also uncertain, and for those a greater distance apart the decimeters are uncertain. 

The initial elevation for this line at Red Desert, Wyoming, may possibly be an error 
by 300 millimeters, but it is an even chance that it is within 61 millimeters of the truth. 

Expressed in more precise and technical terms, these uncertainties are as follows: 
the probable error of the elevation above mean sea level of bench mark B

3 
at Red 

Desert, Wyoming, is± 61 millimeters, and of bench mark v.r. at Owyhee, Idaho, is 
± 69 millimeters, and for any intermediate bench mark it lies between these two 
values. The probable error of the difference of elevation of any two bench marks in 
millimeters is r.04 v1 K, in which K is the distance between the bench marks in kilo
meters measured along the level line. The value± l .04 millimeters used above for 
the probable error of the single completed kilometer of ·leveling of this class was 
derived from the adjustment of the level net. See Appendix 3 of the Re~rt fo[ 1903, 
page 379. 

RED DESERT To AzusA, Wvo., LINE. 

When commencing work at Red Desert, Wyoming, in 1903, a level line was run 
between bench marks A

3 
and B

3
• The observed difference of elevation was A

3
-B

3
= 

+r.2330 ,meters. The difference A
3
-B

3 
as determined in 1902 was +r.2326. (See 

pages 345, 580, of Appendix 3 of the Report for 1903.) This small discrepancy, 0.4 
millimeters, between two bench marks 0.5 kilometers apart was interpreted as indicating 
that the bench marks were undisturbed. .No change was made in the adopted elevation 
of A

3 
indicated by the above reference, and the leveling was continued westward from 

B
3

, using its elevation as fixed by the leveling of the preceding year. 
Bench marks z. and A, were also connected by leveling in 1903. The difference 

A
3
-Z2 from the· 1903 observations was - r.9990 meters, and from the 1902 leveling, 

-2.005r. This discrepancy of 6. l millimeters on 0.4 kilometers was interpreted as 
meaning that z. liad changed slightly in elevation with reference to A

3 
and B

3 
during 

the year. Accordingly a new v.alue for the elevation of z. was adopted as shown in 
the following table. 
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Results o.f leveling, Red Desert to Azusa, Tf)to. 

Place 

Near Red Desert, Wyo. 
Red Desert, Wyo. 
Tipton, Wyo. 
Near Table Rock, Wyo. 
Near Mon~ll, Wyo. 
Monell, Wyo. 
Bittercreek, Wyo. 
Near Black Buttes, Wyo. 
Black Buttes, Wyo. 
HallviHe, Wyo. 
Hallvill", Wyo. 
Near Point of Rocks, Wyo. 
Near Point of Rocks, Wyo. 
Near Point of Rocks, Wyo. 
Near Salt Wells, Wyo. 
Near Baxter, Wyo. 
Baxter, Wyo. 
Rock Springs, Wyo. 
Rock Springs, Wyo. 
Rock Springs, Wyo. 
Rock Springs, Wyo. 
Ah Say, Wyo. 
Near Wilkins, Wyo. 
Wilkins, Wyo. 
Greenriver, Wyo. 
Greenriver, Wyo. 
Greenriver, Wyo. 
Greenriver, Wyo.· 
Near Peru, Wyo. 
Near Bryan, Wyo. 
Near Marston, Wyo. 
Near Marston, Wyo. 
Near Azusa, Wyo. 
Near Azusa, Wyo. 

Permanent 
benchmark 

z. 
~ 
~ 
D3 

V. P.779 
E3 
F3 
G3 

U. P. 793 
H3 

U. P. 799 
U. P.8o4 

l3 
U. P. 810 

J3 
U. P. 823 i K3 

~ I Ml 
N3 
03 

U. P. 835 
P3 

U. P;839 
Q3 
Rl 
~ 
Tl 
U3 
V3 

W3 

Distance 
lo bench 
mark• 

km. 
-I. 0 

o.o 
I I. 7 
20.4 
30.0 
30.6 
38.7 
49.9 
53.2 
62.0 
62.2 
70.2 
72. 7 
79.9 
87.0 

100, 6. 
101.3 
III. 8 
III.9 • 
II2.0 
Il2. 2 
I20. 2 
123.6 
126. 6• 
136.0 
136. 2 
136. l 
136.7 
147.3 
159.5 
164- I 
172.0 
.176.0 
176.9 

Distance 
to base of 

spur• 

ktn. 

29. I 

52.7 

62.0 
70. I 

79. 7 

Ioo.3 

l I I. 9 
II I. 9 
I20.0 

126.5 
135.9 
I35·9 
I35·9 

Total discrep-
anc;y hB-F) 

at benc mark 

11l11l. 

o.o 
+ 5.4 
+15.6 
e 

+34.8 
+58.o 
+53.0 

~ 
+55·9 
+53· 7 
+48. I 
+51. o 
+43·7 
+37·3 
+59·7 
+62.7 
+64.3 
+63.9 
+63.7 
+63.0 
+57·9 
+6o.6 
+6o.4 
+64.2 
+65.6 
+64.5 
+61.0 
+6o.3 
+82. 3 
+So.6 
+85. 2 

+77-9 
+16.8 

. 

Elevation 

tn. 
t 2050. 9Q6I 
t 2047. 674I 

2132.5399 
.2087. 8oo8 
2057. 1249 
2056.5452 
2040.4953 
2020. 4359 
2016. 6834 
I998. 2346 
1998.4713 
I985.0710 
1983.94o6 
1968.4864 
1948.4257 
1920.4722 
192I. 9076 
1909.3503 
I908.4995 
1912.8302 
1916. 5712 
I895.3612 
1890.0678 
I884.331I 
1855.0536 
1864.7786 
I858. 3998 
1855. 2436 
194 I. 1731 
I884. 1850 
1883. 2550 
1901. 9158 
1897. II05 
1901. 5869 

Principal maximum values o.f total discrepancy (B-F) in main line. 

Distance B-F B-F per kilo-
meter 

km. . 11zm. mm . 
2.0 - 4.9 -2.45 

38.7 +58.o +1.50 
107.1 +6+ 6 +o.6o 
170.5 +89. I +0.52 

At end 176. 9 +16.8 +0.43 

* From bench mark B3 at Red Desert. 
t This elevation supersedes that given on page 58o of Appendix 3 of the Report for 1903. 

• 

I 

t This is the adopted initial elevation for this line. It is taken from page 58o of Apendix 3 of the 
Report for 1903· . 

e The spu·r was a single line of levels, that is, run in one direction only. 
II This is a temporary bench mark which is identical with temporary bench mark 16o of the line 

Ogden, Utah, to Azusa, Wyo. 
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OGDEN, UTAH, To AzusA, \Vvo., LINE. 

This line was leveled in the direction Ogden to Azusa, and the tabulation is 
therefore given in that order. In making the computation the observed differences of 
elevation were combined in the reverse order, starting with the eleva.tion fixed by the 
Red Desert to Azusa line for the temporary bench mark numbered ws in that line and 
160 in this line. 

Results of k1 1eli11g, Ogden, Uta/1, lo Azusa, U')•o. 

Pince 
Pertna11e11t bet1ch 

111ark 

--------- ·-------·1------

Ogden, Utah 
Ogden, Utah 
Ogden, 'Utah 
O~den, Utah 
Umta, Utah 
Near Devils Gate, Ctah 
Near Strawberry, l'tah 
Near Morgan, Utah 
Morgan, Utah 
Near Croydon, Utah 
Echo, Utah 
Echo, Utah 
N'ear Emorv, Utah 
Emory, Utah 
Castle Rock, Utah 
'Vasatch, Utah 
Wyuta, Utah 
Evanston, 'Vyo. 
Evanston, '\Tyo. 
Evanston, 'Vyo. 
Knight, Wyo. 
Altamont, '\Tyo. 
Springvalley, Wyo. 
Leroy, 'Vyo. 
Bridger, Wyo. 
Near Bridger, Wyo. 
Carter, "'yo. 
Carter, Wyo. 
Elkhurst, Wyo. 
Near Hampton, '\Tyo. 
Church Buttes, V.'yo. 
Church·Ruttcs, 'Vyo. 
Garrett, Wyo. 
N'ear Granger, 'Vyo. 
Granger, \Vyo. 

R 
A 

tTransit 
c 
D 
E 
F 
G 
H 
I 
J 

Geo!. Echo 
K 
L 

M 
N 
0 

6770 E\·anston 
A6 

6779 Evanston 
Bo 
c6 
Do 
E6 
F6 
G6 
Ho 

Io 
]6 

.K6 
L6 

Mo 
No 
Oo 
p6 

ID' t t :-~--1---d-.-----·- ··--- -~I 

t1,!1111~l~ o I: t~~~~c:r to ~:~~~1 ( ~:~r)e~ '. Elevation . I I mark* · spur• bench n1ark '. 
I .I ____ _ 

km. km. mm. m. I 
o. 0 o. 0 1309. 8520 
o. 8 o. 0 - 2. 0 1308. 8588 
I. 6 o. 0 - o. 6 133r. 5447 
o. 2 + o. 7 1310. 5028 

I 2. 4 I- 8. 4 1370. 2go6 
21. 6 +14. 2 1468. 436o 
23. 2 + 14. 3 1473. 2076 
37. 3 -1... 5. 5 1534. 8343 
39. 4 -i. 3. 9 1542. 6755 
5 I. 2 t I 3. 6 15g6. l 2o8 
64. 5 ! -1 27. 8 1664. 3951 
64. 9 64. 9 -f-30. 0 1665. 8418 
72. 5 -l-43. 4 1748. 8870 
79.8 79.7 +40.5 l8o2.5713 
91. I -f--29. 7 1899. 1592 

104. 7 -\-26. 4 2077. 0235 
113.3 112.2 ·t-18.3 2051.7570 
122.5 ··\-14.0 2055.4599 
122.6 122.5 -j-13.5 2056.8o23 
123.0 122.5 +14.9 2058. 1170 
136.6 136.5 _;-70.8 2152.0971 
144. 2 -i 30. 2 22(JO. o83 i 
154. 7 154. 7 +38. 2 2136. 8874 
166.3 ~-40.5 2040.1089 
174.1. -f--43.2 2020.3o63 
178. 9 ! + 44. 6 2005. 7702 
190.3 190.2 -j-41.4 198o.69g8 
190.5 190.2 +42.4 1981.4967 
200. l 200.ll -: 38. I 1958. 9540 
203. 6 203. () --i 39. 3 1951. 2577 
217.3 -t-37.4 1935. 1996 
217.5 -\-35.4 1936. 178o 
224. 9 -l-20. 3 1932. 8922 
2.'l4· 9 ;- 9. 6 191 I. 1951 
2,\6. 0 2,'>5. 8 -\- I I. 5 1909. 9982 

Near Granger, Wyo. t l6o 
_______ j___ 

242. 7 -1· 14. 7 1901 .5869 

·-- -·- -·-----·--' 
*From bench mark Bat Ogden. 
t The elevation of this bench mark, as fixed hy the vertical angles measured in connection with 

the triangulation along the thirty-ninth parallel and spanning the long interval frum Pikes Peak to 
the Pacific, was 1338. l ±2.5 meters. See "The Transcontinental Triangulation," pages 33g--340. The 
correction now necessary to this elevation, namely, 133r.5-1338.1=6.6 meters, is well within the 
allowable limit fixed by the probable error of 2.5 meters. . 

t This is a temporary bench mark which is identical with the temporary bench mark numbered 
105 in the line Red Desert to Azusa. 

10277-04--29 
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Principal maximum values ef total discrepancy (B-F) in main line. 

Distance 

km. 
19.2 
Sr. 5 

182. 2 
At end 242. 7 

I 
B-F I ll-F per kilo-

tneter 
. ------ -- --- ---

11l11l. 

+15. 6 
-j-46.9 
+50.0 
+q.7 

mm. 
-ro. 81 
+0.58 
+0.27 
+o.o6 

---·····----------------~ 

OGDEN, UTAH, TO POCATELLO, IDAHO, LINE. 

When commencing this line at Ogden, a level line was run between bench marks B 
and C. The observed difference was C-B= +0.6526 meters. This same difference 
observed three months earlier (see page 409) was +0.6508. This small discrepancy, 
I.8 millimeters, between bench marks 0.2 kilometer apart, was interpreted as indica
ting that these bench marks were undisturbed. The level computation was continued 
toward Pocatello, using the elevation for B, shown on page 409. 

Results ef leveling, Ogden, Uta!t, to Pocatello, ldalio. 

Place 

Ogden, Utah 
Hot Springs, Utah 
Willard, Utah 
Brigham, Utah 
Honeyville, Utah 
Dewey, .Utah 
Bear River 

h 
h 

Cache Junction, Uta 
Cache Junction, Uta 
Ransom, Utah 
Near Cornish, Utah 
Weston, Idaho 
Dayton, Idaho 
Garner, Idaho 
Garner, Idaho 

aho 

0 

Near Oxford, Idaho 
Near Swan Lake, Id 
Downey, Idaho 
March Vallev, Idah 
McCammon,· Idaho 
Near Onyx, Idaho 
Inkom, Idaho 
Inkom, Idaho 
Portneuf, Idaho 
Pocatello, Idaho 
Pocatello, Idaho 

-- ···-

Pern1anent Distance to 
bench Distance lo base of 
mark !bench mark• spur* 

1--------

km. km. 
B 0.0 
p 14. r 
Q 22.8 22.8 
R 34.8 
s 48.7 48. 7 
T 57.7 
u 71. 7 
v 78.6 
w· 78.9 
x 92.0 91. 9 
y 100. 3 
A 104. 8 104. 7 
B 114. 6 114.6 
c 120.9 
D 121.0 
E 130.8 
F 141. 8 
G 152.7 
H 164.9 
I 179. l 
J 188.2 

K 196.5 
J, 

I 
lg6.6 

M 205.7 
As 216. I 

Bs 216.6 
I 

*From bench mark B at Ogden, Utah. 

' 
Total 

discrepancy 
(B-F) at 

btnch niark 

: nt1n. 

~ 
-12. 7 

; ·- 29. I 
32.5 

--23. 4 
. 35.6 
. -47. 9 
-35.6 

-34.8 
-42. 5 
-41.0 
-->i4· 9 
--49. I 
--46. 3 

! 
--46. 3 
-54. 2 

i --63. 0 
I -48. 7 
i --48. I 

-43.9 
--44. 6 
-39. l 
-37.6 
-41. 6 
-30.4 
-30.3 

--··· 

Elevation 

m. 
1309. 8520 
1301. 3750 
1299. 7616 
1308. 6707 
1298. 1642 
1317. 0955 
1370. 0458 
1355. 5697 
1353.3253 
1358. g935 
1378. 6045 
1403.0582 
1445· 7993 
1447. 6636 
1446. 1971 
1446. 7948 
1455. 5997 
148o. 2214 
1445· 6716 
1448. 8462 
1407.89'.)0 
l378.8o24 

i 
1377- 3778 

I 
1367. 28!0 

I 1358.4231 
: 136o. 0109 
: ·-------

I 

I 

I· 
I 
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Principal maximum values ef total discrepanq (B-F) in mai"n line. 

Distance 

km. 
37.4 
71. 7 

138.4 
At end 216. 6 

11l1/l, 

-34, 6 
-47.9 
-63.9 
-30.3 

11l1//. 

-0. 93 
-0.67 
-0.46 
-o. I4 

~-----· -·---------··-----· 

P.ocATELLO To OwYH.l!:E, IDAHO, LINE. 

When commencing this line at Pocatello, Mr. King ran a level line between ·bench 
marks B and A . The observed difference of elevation was B -A = + 1 .588 r meters. 

3 3 3 3 

The same difference observed by Mr. Libby on the line Ogden to Pocatello (seep. 410) . 
was +1.5878. This small discrepancy, 0.3 millimeter on the distance of 0.4 kilometer, 
was interpreted as meaning that these bench marks were undisturbed. The level com
putation was continued toward Owyhee, using the elevation for B

3 
shown on page 410. 
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Results of leveling, Pocatello to Owy/1ee, Jdalfo. 

Place 

Pocatello, Idaho 
Pocatello, Idaho 
Pocatello, Iclaho 
Pocatello, Idaho 
Pocatello, Idaho 
Near Pocatello, Idaho 
Near Michaud, Idaho 
Bannock, Idaho 
Near American Falls 
American Falls, Idaho 
Snake River Bridge, Idaho 
American Falls, Idaho 
Near Napati, Idaho 
Near Wapi, Idaho 
Wapi, Idaho 
Near \Vapi, Idaho 
Near Yale, Idaho 
Minidoka, Idaho 
Minidoka, Idaho 
Near Colbume, Idaho 
Near Colbume, I<laho 
Kimama, Idaho 
Kimama, Idaho 
Senter, Idaho 
Owinza, Idaho 
Near Owim.a, Idaho 
Dietrich, Idaho 
Shoshone, Idahq 
Shoshone, Idaho 
Shoshone, Idaho 
Near Tunupa, I<laho 
Near Tunupa, Idaho 
Gooding, Idaho 
Fuller, Idaho 
Bliss, Idaho 
Ticeska, Idaho 
King Hill, Idaho 
Glenns Ferry, Idaho 
Glenns Ferry, Idaho 
Near Glenns Ferry, Idaho 
Medbury, Idaho 
Chalk Spur, Idaho 
Near Mountain Home, Idaho 
Mountain Home, Idaho 
Mountain Home, Idaho 
Mountain Home, Idaho 
Near Mountain Home, Idaho 
Cleft, Idaho 
Near Orchard, Idaho 
Near Orchard, Idaho 
Near Owyhee, Idaho 
Near Owyhee, Idaho 
Owyhee, Idaho 
Owyhee, Idaho 

'-------------- -··-· ·-·· 

o.o 
o. 2 

o. 2 
1,0 
I. I 
6.6 

17. 2 

26.5 
36. 2 
40.8 
41. 4 
41. 9 
52.7 
63.3 
68. I 

72.8 
82.5 
94- 4 
94.6 

104.4 
II3. l 

121. 3 ' 
I 21. 5 
132.0 
144. 2 
150.9 
161. I 

173.4 
173.8 
173.9 
186. 2 

188.9 
199. 2 
209.9 
219.9 
230.9 
243.7 
257. 5 
258.0 
264. 8 
275.6 
284.3 
295. 4 
305. I 
305.2 
305.4 
314. I 

322.8 
334. 2 
343.6 
356.5 
357.0 
358. I 
358. 3 I 

0.0 
o.o 
0. I 

O. I 

6.4 
17. 2 ; 

~o.8 

121. 3 
131. 9 

173.4 
173. 4 

188.S 

257.4 
257. 4 

305. I 

305. I 
314.0 

* From bench mark B, at Pocatello, Idaho. 
t The spur was a single line of levels. 

- 1.4 
t 

-!- 3. I 

+ 2. 3 
+ o.6 
--14. 2 
--22. 6 
-I I. I 

--15.3 
t 

--15.8 
- 6.5 
--16. 4 
-13.3 
·-18. o 
-18.5 
--17. 4 
-16.9 
-22.5 

-··24. 9 i 

-13.91 
--15. 2 

--18.0 I 
-20.8 
--22. 81 
-32. 2 
··-23. 8 ' 

~H:~ i' 

--40. 7 
-48. 5 
-4r. 3 
·--46. 3 

44.8 
--39. 0 

-27.9 
-· 28. 9 
-29.4 
-40.9 
--47. 2 
·--52. 7 
. -47. 9 
-47. 0 

-··47· I 
--53. 5 
-51. 7 
--46.0 
-46.6 
···-53. 2 

--55 .4 
-56.9 
-58.5 

l~levatiott 

111. 

136u.0109 
1363. 2993 
1359.9874 
136o. 4577 
1361. 7103 
1343· 7149 
1349. 7748 
1344.4073 
1336. 2591 
1321. 5038 
1319.886 
1319.2248 
1364. 2599 
1347.4214 
1341. 0995 
1316. <>037 
1297. 8298 
1305. 1422 
1303.5344 
1298. o632 
1321. 9904 
1302. 1868 
1299.2164 
12!54.9038 
1281. 4945 
126o. 2493 
1240. 61 I I 

1209.48o7 
1208.0095 
1209. 1371 
I 141. 9470 
1129.5857 
1o87. 9545 
1036. 38o5 
993. 2193 
938.5376 
772.4007 
779. 7057 
785.2471 
759.7866 
778. 88o7 
879.4133 
937. 2135 
958.4g87 
956.5221 
957.7475 
969.6170 
98r.1317 
962.9716 
958.4451 
912.0282 
909. 0921 
9<'3· 4415 
903.6997 
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Principal maximum values ef total discrepanC)' ( B-F) in main line. 

; 

Distance ·I 
km. 

26. 2 i 
113. I 

165.3 
200.6 
236. 7 
315.5 
358.3 

At end 358. 3 

-- --- ------, 

11-F 

mm. 
-22. 9 
-24. 9 
- -33.9 
-50. 7 
- -52. 9 
-55. 9 

--58. 5 
-58.5 

I B-F per kilo-
! meter 

111111. 

-0.87 
-o. 22 

-o. 21 
-o. 25 
-o. 22 
---o. 18 
--o. 16 
-0.16 

RAIL ELEVATIONS. 

The following elevations for the top of the rail in front of each of the railroad 
stations named were detennined during the progress of the leveling, usually by a single 
rod reading taken from one of the instrument stations on the main line of levels. They 
are computed upon the same basis as the elevations in the preceding tables. 

Elevation ef top ef rail in.front ef railroad station. 
:\leters. 

Hillside, Wyo .................................................... 2 092. 52 
Tipton, Wyo ....................................................... 2 133. 38 
Robinson, Wyo . . . . . . . . . . . . . . . . . . . . . . . . . ............ · . . . . . . . . . . . . . 2 1o6. 89 
Table Rock, Wyo .................................... · ... · . · . . . . . . . 2 o85. 19 
l\1onell, \Vyo .......... .- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 055. 66 
Bittercreek, ·wyo ..................................... · ..... · ....... 2 041. 34 
Patrick, \Vyo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 029. 20 
Black Butte, \\'yo................................................. 2 016. 22 

Halh·ille, Wyo ................................... ············ · · · · · 1 999. 39 
Point of Rocks, Wyo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 983. 76 
Thayer, Wyo .................................... · · · · · · ... · ........ 1 967 .94 
Salt Wells, Wyo . . . . . . . . . . . . . . . . . . . . . . ............ · · · · · · · · · · ...... 1 942. 19 
Baxter, \Vyo ....................................................... I 922.55 
Ah Say, Wyo . . . . . . . . . . . . . . ........................ · ............. 1 895. 83 
Wilkins, Wyo ...................................................... 1 884. 69 
Greenriver, V.'yo ................................ · · · · · · · ·. · · · ....... 1 853. 93 
Riview, Wyo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 906. 12 

.Peru, \Vyo ......................................................... 1 943.02 
Bryan, Wyo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... I 883. 38 
Marston, _Wyo .................................................... 1 893. 83 
Azusa, \Vyo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 905. 41 
Granger, \\'yo ...................... .'. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 911. oo 
Church Buttes, Wyo ........ · ....................................... I 935.97 
Hampton, Wyo .................................................... 1 952. 33 
Carter, Wyo.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I ~· 20 
Bridger, \Vyo ............................. · ........................ : 2 020. 32 
Leroy, Wyo ................. ,. ..................................... 2 044. 70 
Springvalley, Wyo ................................................ 2 136. 42 
Altamont, \Vyo ................................................... 2 202. o8 
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Meters. 
Knight, Wyo ...................................................... 2 159. 63 
Evanston, Wyo. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 055. 59 
Wasatch, Utah. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 076. 15 
Echo, Utah................................................ 1 663. 88 

.. Henefer, Utah. . . . . . . . . . . . . . . . . . . . . . . . . . . ......................... 1 626. 01 
Croydon, Utah . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 393. 85 
Morgan, Utah . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 544. 82 
Peterson, Utah . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 489. 54 
Uinta, Utah ....................................................... l 370.60 
Ogden, Utah . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l 309. 56 
Hot Springs, Utah . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 302. 56 
Willard, Utah .. .. .. . .. .. .. .. . .. . .. . .. .. .. .. . .. .. .. . .. .. .. .. l 299.72 
Brigham, Utah . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ................. . 
Honeyville, 'Utah . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........... . 
Dewey, Utah ..................................................... . 
Collinston, Utah . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Cache Junction, Utah . . . . . . . . . ................................... . 
'Veston, Idaho ................................................... . 
Dayton, Idaho .................................................... . 
Oxford, Idaho . . . . . . . . . . . . . . . . . . . ................................ . 
Swan Lake, Idaho ................................................ . 
Downey, Idaho .................................................. . 
Arimo, Idaho . . . . . . . . . . . . . . ...................................... . 
Inkom, Idaho .................................................... . 
Pocatello, Idaho . . . . . . . . . . . . . . . . . . . . ............................. . 
Michaud, Idaho .................................................. . 
Bannock, Idaho . . ............................................... . 
American Falls, Idaho ............................................ . 
Napati, Idaho .................................................... . 
Wapi, Idaho ................................................ : .... . 
Yale, Idaho . . . . . . . . . . . . . . . . . . . . . . ........ ·. . . . . . . . . ............. . 
Minidoka, Idaho .............................................. . 
Colburne, Idaho .................................................. . 
Kimama, Idaho ................................................... . 
Senter, Idaho ..... -. .............................................. . 
Owinza, Idaho ............................................... : .. 
Dietrich, Idaho ................................................... . 
Tunupa, Idaho ................................................... . 
Gooding, Idaho . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... . 
Fuller, Idaho. . . . . . . . . . . . . . . . . . . . . . . ............................ . 
Bliss., Idaho . . . . . . . . . . . . . . . . . . . . . ............... . 
Ticeska, Idaho . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... . 
King Hill, Idaho . . . . . . . . . . . . . . . . . . . . . . . . . .............. . 
Glenns Ferry, Idaho .............................................. . 
Med bury, Idaho ...................................... . 
Reverse, Idaho ................................................... . 
Mountain Home, Idaho . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Cleft, Idaho ...................................................... . 
Orchard, Idaho................................. . ....... . 
Owyhee, Idaho ............................................... . 

l 312.40 
l 300. 09 
l 3I7. 89 
I 346. 20 
I 354·93 
I 403.59 
l 446.52 
I 447· 93 
I 453· 2I 
I 479.67 
I 443.08 
l 378:61 
I 359.8I 

362.76 
345. 78 

l 321. 46 
I 364.6o 
I 340.So 
I 295.61 
I 304.65 
I 299.61 
I 301. 71 
I 285.87 
l 281, II 
I 240,08 
I 132. 14 
I 088.88 
I 037.67 

993.93 
939.37 
772. 78 
779. 24 
77i·43 
939.65 
957.67 
983.32 
¢0.55 
903. 71 
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STATIS'J.'ICS OF LINES. 

The principal items of information in regard to the four lines are given in the fables 
helm.,· in the same form as the tables on pages 224-225 of Appendix 3 of the Report for 
1903, arranged in such a manner as to be conducive to comparison between lines. 

The number of permanent bench marks includes all with which the leveling was 
directly connected, regardless of whether they are new bench marks or bench marks 
previously established by some other party or organization. 

The average distance between bench marks was obtained by dividing the total 
length of the main line by the number of permanent bench marks. 

The speed was obtained by dividing the total length of the line by the interval in 
months from the date of the first leveling to the date of the last, inclusive. The expres
sion ''total length'' refers to the completed line. Each completed section of the line 
was leveled at least twice, and in some cases four or more times. To obtain the speed 
in terms of single line one must therefore multiply the speed here given by a factor 
somewhat greater than two. 

The· discrepancy in millimeters per kilometer was obtained by dividing the total 
discrepancy on the main line by the length of the main line .. 

The probable error of the mean result for a section was computed by the formula 

r''=o.674 /2,'{f• 
'\/ 4s 

in which dis the discrepancy between the forward and backward leveling over a section 
and sis the number of sections. The probable error for I kilometer,. r,, was derived by 
assuming that the average length of a section is to I kilometer as (r'') 2 is to r

1

2
• 

·- ··--- ·---·--------·------ ·------------,-:

1

.·-R_e_d_D_e_se_r_t t-o I Ogden, mah, ~~~~'atufr-~~:::-

. Azusa, Wyo. to Azusa, Wyo. ldah~ 0• ';'Jn'!,~e, 

---------. I -------
Observer 
Instrument 
Rods 

. ' H. D. K. I R. L. L. R. L. L. 
7 and 5 8 8 

Date of first leveling 

Date of last leveling 

Length of main line, km. 
Length of side lines, km. 
Total length, km. 
Total length, miles 
Number pennanent bench marks 
Average' distance between pennanent B. Ms., 

in km. · 
Speed, km. per month . 
Speed, miles per month 
Percentage run more than twice 
Discrepancy (B-F), total, mm. 
Discrepancy (B-F), in mm. per km. 
Probable error for I km., in mm. 
Velocipede cars used 

T&U I R,&S R,&S 
May 20, May 2, Aug. 5, 

1903 1903 1903 I 
July 31, . July 31, Sept. 28, 

. 1903 I 1903 I 1903 I 
177 243 217 

1s~ II 24i 21~ '\ 
112 153 135 
34 3~ 27 

5.2 7. I 8.o 

75 82 121 
47 51 75 
:28 24 17 

+16.8 -t,14. 7 -30.3 
+0.43 +o.o6 -o. 14 
±o.8 ±o.8 ±0.7 

Yes Yes *Yes 

*Except between McCammon and Pocatello. 

H.D.K. 
7 

T&U 
Aug. 4, 

1903 
Oct. 24, 

1903 
358 

4 
362 
225 
55 

6.5 

134 
83 
15 

-58.5 
-o. 16 
±0.7 

Yes 
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Us& oF RAILROAD RAIL As A Ron SUPPORT. 

In August Mr. Libby found on the line Ogden to Pocatello that a discrepancy (B-F) 
of the minus sign was rapidly accumulating. The average rate of accumulation was 
-o. 67 millimeters per kilometer for the fi_rst 7 r kilometers of the line, during the 
period August 5-26. Previous experience indicated that such a result is in general 
due to systematic settling of rod supports. Mr. Libby therefore determined to try the 
effect of placi1ig the foot of the rod on a spot marked in red on the top of the railroad 
rail.* He used the rail for the rod support during all the leveling done by him 
in September and ending at Pocatello. Up to the time that this experiment was 
commenced the rods had been supported on foot pins described on pages 2 r r-2 r 2 of 
Appendix 3 of the Report for 1903. Soon after Mr. King was informed of the experi
ment, he also began using the railroad rails instead of the foot pins as rod supp9rts. 
In their reports both chiefs of party claim that the use of the rails in place of the foot 
pins saved enough time to enable the party to run one or two miles more of single line 
per working day than they otherwise would have done. The saving results from the 
fact that, as the point on the rail is recoverable at any time, the rear rodman niay come 
forward at once \vhen the observations upon his rod are completed, whereas, if a foot 
pin or footplate is used, he must wait until the recorder has made certain that the obser
vations check properly and he has received a signal to that effect before pulling up the 
pin or plate. Mr. Libby reported that the accuracy was also greatly increased. Mr. 
King reported that the accuracy was not increased. A careful examination of the 
office computation brings out the following·corroboration of these reports. 

During the period August 5-26 Mr. Libby completed 85 kilometers of line, the 
average speed being 11 7 kilometers per month, using foot pins. During the period 
September r-16 he completed 70 kilometers of line, the average speed being 131 kilo
meters per month, using the top of the rail as a rod support. During the period Sep
tember 17-28, while the party was leveling between McCammon and Pocatello, the 
party was not allowed to use velocipede cars on account of possible interference with 
the electric block signaling system there used. This made the leveling much slower 
than it othenvise would have been. Nevertheless, the average rate of progress was 87 
kilometers per month, or a total of 35 kilometers in the period named, using the rail as 
a rod support. As to accuracy it may be noted that for the continuous line composed 
of sections run for the first time during the period August 5-26, when foot pins were 
being used, the percentage run more than twice was 22; and similarly for the period 
September l-28 this percentage was 13. The rate of accumulation of the discrepancy 
between the forward and. backward lines was, during the first of these periods, -41.6 
millimeters on 75.6 kilometers, or -0.55 millimeter per kilometer; and during the 
second period, + 18.9 millimeters on 98.8 kilometers, or +o. 19 millimeter per kilometer. 
The probable error of a single kilometer of completed leveling for the first of these 
periods was ±o. 77 millimeter and for the second ±o. 74 millimeter. 

Mr. King stated that he began using the rail as a rod support in September, but did 
not name the exact date. For the purpose of investigating the effect of the change a 

----- -- - -·---·------·---------·····.,-·--------· --- -·--· -----
*This method of support had been, unknown to Mr. Libby, tried years Lefore with complete 

success on the precise level line, St. Paul to Duluth, Minn., by Mr. James A. Paige. (See Chief of 
Engineers' Report for 1892, part 4, pp. 3075, 3077.) 
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comparison is here made between the period August 4-September 15 and the remainder 
of the season September 16-0ctober 24. During the first period Mr. King completed 
174 kilometers of line, the average speed being l 24 kilometers per month; and during 
the second period 189 kilometers, the average speed being 145 kilometers per month. 
For the continuous line composed of sections nm for the first time during the first-named 
period, the percentage run more than twice was 17, and similarly for the second period 
it was 1 1. The rate of accumulation of discrepancy between the f9rward and backward 
lines during the first .of these periods was - 32. 2 millimeters on 161 kilometers, or 
-o. 20 millimeter per kilometer; and cl uring the second period - 33. 6 millimeters on 
180.7 kilometers, or -o. 19 millimeter per kilometer. It is worthy of note in this con
nection that the accumulated discrepancy on the last 157. 7 kilometers of the line, all run 
after September 23, 1903, was only-7.8 millimeters, or only -0.05 millimeter per 
kilometer. The probable error of a single kilometer of completed leveling for the firsl 
of these periods was ±0.65 millimeter, and for the second period ±o. 70 millimeter. 

The most prominent effect of changing from the foot pins to the rail for the support 
of the rods was to change the rate of accumulation of discrepancy between the forward 
and the backward lines. This is a clear confirmation of the theory that the accumulated 
discrepancy is clue mainly to systematic rising or settling of rod supports. This theory 
is based upon the frequently observed fact that when a change is made in the method 
of rod support, or in the habits of the rodman, a change is apt to take place in the rate 
of accumulation of discrepancy between the forward and backward lines. 

The evidence shows clearly that the use of the rail for the rod support increased 
both the speed and the accuracy of the leveling. Corresponding credit is due Mr. 
Libby for introducing this practice. 

Two uncertainties in connection with this method of rod support will occur to any 
one who considers it carefully, namely~ the uncertainty as to whether the rodman holds 
the foot of the rod for both foresight and backsight on precisely the same point on the 
slightly rounding and sometimes inclined surface of the top of the rail, and the uncer
tainty as to the recovery by the rail of its former elevation after a train has passed 
over it. 

The first of these uncertainties is very small, provided the rodman is careful. No 
difficulty· was found in marking the exact spot on the rail which was used in such a 
way, with ~ialk or kiel, that the mark was recoverable, even after a train had passed 
over it. 

Direct observations have indieated that as a rule the rail rises to sensibly its former 
elevation quickly after a train passes. Doubtless there are exceptional cases. The best 
proof available that such cases are comparatively rare for the conditions under which 
the rail was used as a rod support, and that the systematic permanent settling of the 
rail caused by the passage of the train is exceedingly small, is furnished by the above 
comparison of the accuracy of the leveling by each party before and after beginning 
the use of the rail as a rod support. A systematic settling. of the rod supports tends to 
produce an accumulated discrepancy (B-F) with a minus sign. This sign is found in 
Mr. King's leveling on the rail, but during Mr. Libby's leveling on the rail the accumu
lated discrepancy had a plus sign indicating a systematic rising of the rod supports 
between each foresight and the corresponding backsight. The foot pins were carried 
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along with each party during the progress of the leveling and were used whenever a 
train was known to be approaching, or when there were special reasons for supposing 
that the track was not in as stable a condition as usual. The results are not subject 
therefore to the possible uncertainty arising from the action of every train. 

COMMENTS ON THE LEVELING. 

As already noted· on page 405, Mr. King used level No. 5 during the period July 
17-31 on the line Red Desert to Azusa. This affords an unusualiy good opportunity to 
compare the results as to speed and accuracy with two different types of instruments 
us~d by the same observer under similar conditions. The progress in completed 
kilometers during the period July 17-3 l was 41, or at the rate of 83 kilometers per 
month. This agrees closely with the average rate of progress for the whole season, 85 
kilometers per month, after deducting the period of eight days, July 9-16, when no 
leveling was done because the party was without an instrument. The-comparison will 
be more fair, however, if.the leveling with the older instrument, No. 5, is compared with 
that of the newer instrument, No. 7, in the one month June 9-July 8, just preceding 
the accident, thus eliminating from the comparison the ·period May 20-Jtme 8 at the 
beginning of the season when the party was comparatively unfamiliar with its work 
and the rate of progress unusually slow for that and other reasons. During the month 
June 9-July 8 the progress in completed kilometers was 95. The percentage run 
more than twice for the sections which were leveled for the first time with the older 
instrument, July 17-31, is 31, whereas the corresponding percentage for the whole 
season is 28. The accumulated discrepancy for the continuous line, composed entirely 
of sections run with the older instrument, is +13.8 millimeters on 38.7 kilometers, or 
+ 0.36 millimeter per kilometer. Similarly, for the continuous line composed of sections 
run for the first time with the newer level, the accumulated discrepancy was + 54.5 
millimeters on 130.6 kilometers, or +0.42 millimeter per kilometer. The probable 
error of a single kilometer of completed line for the former portion, run with the older 
instrument, was ±0.93 millimeter; and for the latter portion, with the newer level, 

. was ±o. 79 millimeter. ' 
The superiority of the newer type of level over the older type is shown in slightly 

greater speed and accuracy. 
Mr. Libby expressed the opinion in his report on the season's leveling, in connec

tion with the work in June through the Echo Canyon,. on steep grades, that the errors 
were gre::tter on steep grades than on moderate grades. This opinion has frequently 
been expressed by other levelmen. To test its validity all sections between successive 
temporary or permanent bench marks during this season on which the measured 
difference· of elevation was greater than 10 meters were examined. Of the four 
portions of the line, in order from east to west, the combined lengths of such sections 
were 27, 85, 27, and 40 kilometers. The sum of these is 179 kilometers, or about 18 
per cent of the season's leveling. The percentage run more than twice out of these is 
25. ·The probable error of a single kilometer of completed line as computed from these 
sections alone is ±0.81 millimeter. A comparison of these two values with the corre
sponding values in the table on page 415 does not indicate clearly that any greater or 
less degree of accuracy was obtained on steep grades than on comparatively level track. 
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The lini<C Ogden to Azusa, run by Mr. Libby, was one on which it was difficult to 
make rapid progress. The grades were unusually steep over much of the line between 
Ogden and Leroy, a distance of 166 kilometers. Between these points the level line 
rises more than 1 ooo meters and descends nearly 300 meters. Over a considerable por
tion of the distance the railroad is so crooked that it was necessary to use one man of 
the party as a watchman to warn the others of trains approaching from above. Heavy 
winds were encountered which made it difficult to pull the velocipede cars, especially 
when the wind blew down grade. Four tunnels were encountered on this portion of 
the line. The levels were run through two of these with sights shortened to about 10 

meters in length on account of the difficulty of illuminating the rods. The leveling was 
done over the top of the other tunnels. To climb over the Aspen Tunnel it was 
necessary to rise r 27 meters and descend 145 meters in a distance measured along the 
level line of 3.8 kilometers, or less than 2 kilometers measured along the track through 
the tunnel. On the first forward line between these points there were l 14 instn1ment 
stations, as many as there were on the next 16 kilometers to the eastward. In spite of 
all these difficulties the average rate of progress from Ogden to Leroy, \Vyo., May 2-
July 9 1 was 74 kilometers of completed line per mo.nth. 

On the line Red Desert to Azusa between bench marks C and F , a distance of 
• 3 3 

only 27 kilometers, the accumulated discrepancy between the forward and backward 
lines was + 52. 6 millimeters, or at the rate of + i.95 millimeters per kilometer. The 
percentage nm more than twice betwe~n these points was very large, namely, 49. The 
observer was diligent ih searching for the cause of the trouble. About the time when 
the line was completed to bench mark F

3 
he reached the conclusion that the rapidly 

accumulating discrepancy was probably due to the systematic rising of the foot pins 
between each foresight and the corresponding backsight. He acted upon this supposi
tion by taking extreme care in locating and driving the pins. The rate of accumulation 
of discrepancy at once became small and remained so. 

The number of rejections on the whole line from Red Desert, Wyo., to Owyhee, 
Idaho, under the rule that ''if any measure over a hection gives a result differing by 
more than six millimeters from the mean of all the measures over that section, this 
measure shall be rejected" was 42, 0r one rejection for each 24 kilometers of com
pleted line. 

DESCRIPTIONS OF BENCH MARKS.* 

GENERAL NOTES DESCRIBING DIFFJ<:REN'r FORl\IS AND MARKING OF BENCH MARKS. 

NOTE i.-The intersection of cross llnes on the head of a copper bolt set horizon
tally in stone or brick, flush with the surface, and marked on the head 

(j]}J 
w 

*Any person who finds that one of the bench marks here described is disturbed, or that the 
description no longer fits the facts, is requested to send such information to the Superintendent, Coast 
and Geodetic Survey, \Vashington, D. C. · 
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NOTE 2.-The bottom of a square hole cut in the top of a red sandstone post, 3 feet 
long and 6 inches square, projecting 6 inches above the ground, the top dressed and 
lettered 

u s 
D 

B M 

NoTE.3.--A bench mark of the Union Pacific Railroad; a spike in a milepost, the 
number of which is part of the designation of the bench mark. 

NoTE 4.-The intersection of cross lines on the head of a copper bolt set vertically 
into stone or brick and lettered 

~ 
\TV 

NOTE 5.-The bottom of a square hole. cut in stone or brick, and lettered 

u s 
D 

B M 

NOTE 6.-The bottom of a square hole in the top of a stone post, 4.Yz feet long, 6 
inches square at the top, set at least 4 feet in the ground. The top is lettered 

u s 
BDM 

NOTE 7. -The bottom of a square hole cut in the top of a post of black lava, very 
hard and tough, 4 feet long, and set about 3 feet 6 inches in the ground. The t.op is 
6 inches square and lettered 

u s 
D 

B M 

NOTE 8.-The intersection of cross lines on the end of a copper bolt, about 2?4 
inches long, leaded into stone or brick and marked 

u s 
BEBM 

DESCRIPTION'S OF PERMANENT BENCH MARKS FRO:lf RED DESERT TO AZUSA, WYO. 

Z
2
-Near Red Desert, Sweetwater Cou111)1 , VfiYo. (Appendix 3, Report for 1903, 

p. 805).-The bench mark has been moved slightly since it was determined in 1903. 
B

3
-Red Desert, Sweetwater Cou111)1, U(yo. (Appendix 3, Report for 1903, p. 805). 

C
3

- Tipton, Sweetwater County, 11')10., 75 feet north of the cen~er of the main 
tracks in line with the west end of the depot. (Note 6, p. 420.) 

D
3
-About 1 mile east of Table Rock, Sweetwater Count.Ji, i;,iyo., on the first deck 

plate girder bridge east of Table Rock, about 4~ telegraph poles west of mile pole 773, 
on the south end of the east abutment (concrete), a square hole about 18 inches from 
retaining wall and 16 feet from outer edge and end of horizontal surface. (Note 5, 
p. 420.) 

U. P. 779-Near Mone//, Sweetwater County, Wyo. (Note 3, p. 420.) 
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E
3
-Afonell, Sweetwater County, VfYo., directly opposite the station sign, l 2 feet 

west of the second telegraph pole east of mile pole 779 Yz, 42 feet south of the main 
tracks. (Note 6, p. 420.) 

F
3
-Bittercreek, Sweetwater Counl)1, r'Vyo., in the station park, 18 feet from the 

south fence and l 8 feet from the east fence, 2 rails west of the west end of the depot, 
and 53 feet north of the center of the main track. (Note 6, p. 420.) 

G
3
-About 2 miles east of Black Buttes, Sweetwater Cozml)1, r,Vyo., about 2 tele

graph poles east of the half-mile post No. 791 Yz, on a through plate girder bridge, on the 
south side of the east wall, on the top of the stone extending from under the retaining 
wall. (Note 5, p. 420.) 

U. P. 793-Black Buttes, Sweetwater Co1ml)1, U)'o. (Note 3, p. 420.) 
HJ-Hal/ville, Sweetwater County, Hj10., directly opposite mile pole No. 799, about 

100 yards west of the section house and 4 rails east of the car house, 78 feet south 
of the center of the main track and 34 feet south of the fence. (Note 6, p. 420.) 

U. P. 799-Hallville, Sweetwater Counf)•, C{;)•o. (Note 3, p. 420.) 
U. P. 804-Near Point of Rocks, Sweetwater Co1ml)1

, U)10. (Note 3, p. 420.) 
l

3
-0ne mile west of Point of Rocks, Sweetwater County, C;f;J10., between the fourth 

and fifth telegraph poles west of mile pole No. 805Yz, 4 rails west of the station whistle 
post and 7 rails east of a small trestle at the point of cun·ature of the first curve west 
of Point of Rocks, 45 feet north of the track and 8 feet south of the fence. (Note 6, 
p. 420.) • 

U. P. 810-Near Point of Rocks, Sweetwater CozmfJ', U}10. (Note 3, p. 420.) 
J J-'I'wo miles east of Salt Wells, Sweetwater County, H:)'o., 9 rails west of mile 

pole No. 814Yz, which also marks the junctions of sections 45 and 46, near the middle 
of the first curve east of Salt Wells, 75 feet south of the center of the track. (Note 6, 
p. 420.) 

U. P. 823-Near Baxter, Sweetwater Counf)1 , Uj10. (Note 3, p. 420.) 
K

3
-Ba.xter, Sweetwater CounlJ', H-)10., 5 rails west of the telegraph station, and 

l rail east of the third telegraph pole east of mile pole 823 Yz, l 32 feet south of tht: main 
track. (Note 6, p. 420.) 

L
3
-Rock Springs, Sweetwater County, TVyo., on the north side of the depot, in 

the water table, 22 inches above the surface of the ground, and 22 inches from the north
west corner of the bay window; a square cut lettered U. S. D B. M. 

M
3
-Rock Springs, Sweetwater County, Hyo., in the west end of the Union Pacific 

Railroad park, west of the passenger depot, about 12 feet from the west fence, in line 
with the three hydrants of the park. (Note 6, p. 420.) 

NJ-Rock Spn'ngs, Sweetwater County, Hyo., in tht: stone wall of the City Hall, 6 
inches from the pillar at the north side of west entrance, 4 feet above the surface of the 
ground. (Note 8, p. 420.) 

0
3
-Rock Springs, Sweetwater Coun!J', H')•o., in the stone wall of the high school 

school building, on the north side, 40 feet west of the northeast corner, and 6 feet ·west 
of the north entrance; 6 feet above the surface of the ground, and 16 inches above and 
to the left of the first window west of the north entrance. (~ote 8, p. 420.) 

U. P. 835-All Sa;1, Sweetwater Co1mf)1 , Uj10. (Note 3, p. 420.) 
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P
3
-About 1~ miles east of 1'Vilki'ns, Sweetwater County, Hyo., 15 rails east of 

the east side of pump house, and 45 feet south of the center of the track, in line with 
the telegraph poles. (Note 6, p. 420.) 

U. P. 839-1'Vilkins, Sweetwater County, Wyo. (Note 3, p. 420.) 
Q

3
-Greenriver. Sweetwater Count;', Wyo., in the west end of the Union Pacific 

Railroad park, about equidistant from north and south sides and r 2 feet from the fence. 
(Note 6, p. 420.) Slone broken in shipment and cemented together. 

R
3
-Greenriver, Sweetwater County, f!f610., in the sandstone water table of the 

county court-house, 4 feet north of the southeast corner, about 4 feet above the surface 
of the ground. (Note 8, p. 420.) 

S
3
-Greenriver, Sweetwater County, UiJ'o., in the west wall of the Sweetwater 

Brewing Company's stone office and saloon, about 16 inches from the southwest corner, 
and about 4 feet from the ground. (Note 8, p. 420. except the letters U. S. B. M. were 
below the bolt.) 

T,-Greenriver, Sweetwater County, Wyo., on the Union Pacific Railroad bridge 
over Green River, on south end of the middle red sandstone pier. (Note 5, p. 420.) 

U
3
-Near Peru, Sweetwater County, H')10., between the sixth and seventh telegraph 

poles east of the office pole at Peru, 45 feet south of the center of the track, 5 feet from 
the railroad fence, and 5 feet from the crossing fence. (Note 6, p. 420.) 'fhe stone post 
is 3 feet 6 inches in the ground, and of this depth I 6 inches is rock. 

V
3
-Two miles west of Bryan, Sweetwater Coun1J1, Wyo., two telegraph poles east 

of C signpost, three rails east of a small stone culvert, and between the eighth and ninth 
telegraph poles west of mile pole 860; 70 feet north of the railroad track and 30 feet 
south of the railroad fence. (Note 6, p. 420.) 

W
3
-Between Bryan and Marston, Sweetwater County, f;f610., about 4 telegraph 

poles west of mile pole 863, at the north end of the sandstone abutment of the Union 
Pacific Railroad bridge over Black River, on the top stone of the retaining wall, 8 inches 
from the west side of the stone and 6 inches from the north end. (No~ 5, p. 420.) 

X
3
-Two and one~eighth miles west of Marston, Sweetwater Counlj1, H)'o., 1 ffi 

miles east of Azusa, V-.lyo., Io feet south of the fourth telegraph pole west of mile pole 
868, 3 poles west of the station sign for Azusa, 55 feet south of track, 45 feet from the 
railroad fence. (Note 6, p. 420.) 

Y
1
-Four and three-fourths miles east of Granger and I?( miles west of Azusa, 

Sweetwater Couizty, Wyo., on the north end of the red sandstone retaining wall of the 
Union Pacific Railroad bridge over Black River, in the top of the stone, IO inches from 
the east edge and Io inches from the capstone. (Note 5, p. 420.) · 

DESCRIP'l'IONS OF PERMANENT BENCH MARKS BETWEEN OGDEN, UTAH, AND AZUSA, 

WYO. 

Transit.-On a low hill west of Ogden, Weber County, Utah, near the Salt Lake, 
San Pedro and Los Angeles Railroad and about 2 ooo feet from Weber River, on the 
site where Wheeler Observatory formerly stood. Two sandstone piers, about 5 feet 
above ground, are still standing, and the bench mark is a square cut on the top of the 
eastern one. 
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A-Ogden, l¥eber County, Uta~, on the iron railway bridge across the Weber 
River, northeast of the site of Wheeler Observatory; a square cut on the northeast 
corner of the east abutment. 

B-Ogden, 1'Veber Count.J1, Utalz, on the corner of Twenty-fourth street and \Vall 
avenue, on the east side of the brick building occupied by F. J. Kiesel, \vholesale grocer; 
near the southeast corner, in the stone water.table. (Note 1, p. 419.) 

C-Ogden, 1,Veber County, Utah, on the corner of Twenty-fifth street and \Vall 
avenue, on the brick and stone building occupied by the Healy Hotel; on the west side, 
r foot from the southwest corner. (Note l, p. 419.) 

D-Uinta, 1¥eber Count)', Utah, 60 feet east of the large gate across the tracks 
from the railroad station, 30 feet south of the road and 4 feet north of the fence. 
(Note 2, p. 420.) 

E-On the second iron bridge east of Devils Gate, Morgan County, Utah, ~ mile 
from the station sign; a square cut on the top of the northeast abutment. 

F-On the second iron bridge west of Strawberry, Morgan Count.Ji, Uta/1, a square 
cut in the top of the southeast cori1er of the east abutment. 

G-One and one-third miles west of !11organ, !11organ Count.Ji, Utalz, at mile pole 
1008; a square cut in the stone culvert on the south side of the Union Pacific Rail
road tracks. 

H-!11organ, Morgan County, Uta/1, 100 yards west of the depot, in the space 
south of the track, half way between the street and the track. (Note 2, p. 420.) 

I-On the first iron bridge east of Croydon, llforgan County, Uta/1, at the foot of 
the "Devil's Slide"; a square cut in the top of the southeast corner of the east abutment. 

J-Echo, Summit Count;1, Utah, south of the tracks, directly opposite the water 
tank, in the field half way between the easterly section hous:e and the white cottage of 
the station agent, three feet from the fence. (Note 2, p. 420.) 

Geol. Echo-At Echo, Summit C.()1ml)1 , Utah, at the east side of a wagon road at 
the south end of the main street, just under a high hill; an iron post marked with a 
cross, established by the U. S. Geological Survey. 

K-Four and one"half miles east of Echo, Summit County; Uta!z, and 436 miles west 
of Emory, Summit Cozml)i, Utah; a square cut in the northeast corner of the east abut
ment of an iron bridge. (Note 3, p. 420.) 

L-Emory, Summit County, Utah, in a field 100 yards south of the water tank and 
50 feet north of the railroad track. (.Note 2, p. 420.) 

. M-Castle Rock, Summit Cozmt;1, Utah, near a fence, 200 feet north of the Union 
Pacific Railroad tracks and directly opposi~e the depot. (.Note 2, p. 420.) 

N-Wasatch, Summit County, Utah, on the side of a hill, a little north of the 
road, directly behind the depot, 100 yards north of the Union Pacific Railroad tracks. 
(Note 2, p. 420.) 

0-A square cut in the first stone culvert west of 1'Vyuta, Ricli Count.Ji, Utalt, 200 

yards west of the station sign, 25 feet south of the Union Pacific Railroad tracks. 
6770 Evanston.-Evanston, Uinta County, it)io., in the front yard of the Pacific 

Hotel, in the corner of the yard west of the walk, about 19 feet south of the south rail 
of the south track; an iron post marked 6770, established by the U. S. Geological Survey. 
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6779 Evanston.-Evanston, Uinta County, Hyo., in the south part of the court
house grounds, 6 feet north of the south fence, nearly in line with the east face of the 
court-house; a tablet set in the top of a stone post and marked 6779, established by the 
U.S. Geological Survey. 

A
6
-Evanston, Uinta County, vvyo., in the stone corner post on the southeast 

corner of the depot, in the east face, a few inches from the corner, and 4 feet from the 
ground. (Note l. p. 419.) 

B
0
-Knight, Uinta Couuty, 11'J'o., roo yards east of the station and in line with 

the front of the section house, 150 paces south of the mail stand and the Union Pacific 
Railroad tracks. (Note 2, p. 420.) 

C6-Altamont, Uinta CounfJ', vVyo., near the west entrance of the "Aspen 
Tunnel," south of the tracks, opposite a point on the track halfway between the station 
and the section house, about 100 yards from the track, near the right of way fence. 
(Note 2, p. 420. ) 

D
6
-Spring Valle)', Uinta CounfJ', 11')10., roo feet west of the water tank, 40 feet 

north of the Union Pacific Railroad tracks. (Note 2, p. 420.) 

E
6
-Lcroy, Uinta County, H'J'o., 200 yards east of the section house, in the 

Union Pacific right of way south of the tracks, 2 feet from the fence, and nearly oppo
site the roadway which leads up the hill on the other side of the tracks. (Note 2, p. 420.) 

F6-Bridger, Uinta CozmfJ', 11'J'o., 200 feet northwest of mile pole 914, in the 
right of way, 80 feet north of the Union Pacific Railroad tracks and north of the station 
sign, 6 feet from the fence. (Note 2, p. 420.) 

G
6
-Three miles east of Bridger, Uinta County, 11,yo., in a culvert at mile pole 

91 1 : a square cut in the top stone on the arch north of the tracks. 
H

6
-Carter, Uinta CounfJ', Hyo., west of the station and opposite mile pole 904; 

a square cut in the south-southeast base stone of the water tank. 
1

0
--Carter, Uinta County, 11')10., on the west side of the roadway leading up the 

hill, 400 feet north of the Union Pacific Railroad tracks, 5 feet west of a telephone pole. 
(Note 2, p. 420.) 

J6-Elkl1Urst, Uinta County, Wyo., in the Union Pacific right of way, 150 feet 
north of the tracks and at a deflection angle of 45° with t11e tracks from a point at the 
east switch of the siding. (Note 2, p. 420.) 

K
6
-0ne and two-thirds miles west of 1-fampton, Uinta County, 1-Vyo., in the south 

arch of a stone culvert; a square cut on the top of the southwest corner. 
L

0
-Clmrclt Buttes, Uinta County, Wyo., southwest of the station, 4 feet south of 

the second telegraph pole west of the depot, roo feet south of the Union Pacific Rail
road tracks. (Note 2, p. 420). 

M
0
-Church Buttes, Uinta County, Wyo.; a square cut in the south-southwest base 

stone of the water tank. 
N

6
-Garrelf, Uinta County, 1¥yo., directly opposite the station sign, 200 feet north. 

of the tracks, about halfway between the tracks and the fence. (Note 2, p. 420.) 

0
6
-0n the first iron bridge west of Granger, Sweetwater Coun!J', Hyo., over 

Black Fork, in the northeast red sandstone abutment; a square cut on a shelf about 1 

foot below the track level. 
P

6
-Granger, Sweclwater County, Wyo., 100 paces north of main tracks opposite 

a point 40 paces west of the west water tank. (Note 2, p. 420.) 
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DESCRIPTIONS OF PERMANENT BENCH MARKS BETWEEN OGDEN, UTAH, AND 

POCATELLO, IDAHO. 

P-Hot Springs, Boxelde ... Counf)1, Utah, one-third of a mile south of mile pole 9, 
400 feet south of the cattle guard south of the station, in the right of way of the Oregon 
Short Line Railroad, 40 feet east of the tracks. (Note 2, p. 420.) 

Q-1'Villard, Boxelder County, Utalz, behind the depot and on a line with the 
south side of the depot, 100 feet east of the tracks and ro feet east of the wagon road. 
(Note 2, p. 420.) 

R-Brigham, Boxelder County, Utalz, 50 feet south of the second road crossing 
north of the station, in a field west of the tracks, inside and 2 feet from the fence, 
very nearly halfway between mile poles 2 I and 22, 5 or 6 feet above the level of the 
tracks. ( 1\ ote 2, p. 420.) · 

S-Honeyville, Boxelder County, Utah, 450 feet south of the south cattle guard 
and 30 feet north of the south switch, in the right of way of the Oregon Short Line 
Railroad, east of the tracks, 7 feet from the fence. (Note 2, p. 420.) 

T-Dewey, Boxelder County, Uta/1 (Post-office, Deweyville), 600 feet south of the 
depot, in the right of way of the Oregon Short Line Railroad, east of the tracks, 50 
feet from the main tracks. (Note 2, p. 420.) 

U-Bear River, Boxelder County, Utah, near the entrance to Bear River Canyon, 
behind the second telegraph pole north of the station sign, 75 feet west of the main 
tracks. (Note 2, p. 420.) 

V-Cac/ze junction, Cache Co1mf)1, Utah, on the foundation of the water tank, in 
the northernmost of the two foundation stones parallel to the tracks. · (Note 4. p. 420.) 

W-Cache junction, Cache County, Utah, opposite the north end of the long 
curve between the guy-wire pole and the telegraph pole, the first pole north of mile pole 
49. (Note 2, p. 420.) 

X-Ransom, Cac/ze County, Utah, 300 feet south of the north switch of the siding, 
8 feet back of the second telegraph pole south of mile pole 57, 35 paces west of the 
main tracks. (Note 2, p. 420.) 

Y-In Cache Counf)1, Utah, about 150 feet south of the depot at Cornislz, through 
which passes the State line between Utah and Idaho, in the foundation of the water 
tank; a square cut in the northernmost of the two foundation stones parallel to the 
tracks. 

A-Weston, Oneida County, Idaho, 100 feet west of the tracks and 400 feet north 
of the road leading to the town. (Note 2, p. 420.) 

B-Dayton, Oneida Counf)1, Idaho, in the northwest corner of a plat of ground 
apjacent to the station sign and mail stand, 10 feet east of the side track and nearly 
opposite the first pole north of mile pole 71, roo feet east of the whistle post. 
(Note 2, p. 420.) 

C-Gamer, Oneida County, lda/10, in the foundation of the water tank; a square 
cut in the northernmost of the two foundation stones parallel to the tracks. 

D-Garner, Oneida County, Idaho, 135 paces west of the tracks, opposite the 
station sign, ro feet from the wire fence. (Note 2, p. 420.) 

E-Near Oxford, Bannock Counf)1 , Idaho, in the yard of an abandoned creamery, 
12 feet south of the gate, 30 paces east of the main tracks. (Note 2, p. 420.) 

ro277-04-30 

' 
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F-3. 7 miles north of. Swan Lake, Bannock Cou?lcf)', Idaho, at mile pole 88, l foot 
north of the white fence on the north side of the first road crossing the tracks south of 
the ''hill,'' known as '' Red Rock,'' in the angle made by the main right of way fence 
and the roadway fence, 100 feet east of the tracks. (Note 2, p. 420, except that the post 
is set nearly flush with the ground.) 

G-Downq, Bannock County, Idaho, in the southwest corner of the Commercial 
Hotel yard, 5 feet from the south and west fences, 100 yards east of the railway station. 
(Note 2, p. 420.) 

H-Marsli Valley, Bannock County, Idaho, opposite a point on the tracks 150 feet 
north of the station sign, 180 feet northwest of the semaphore, and loo feet west of 
the tracks. (Note 2, p. 420.) 

I-McCammon, Bannock Count;1, Idaho, opposite a point on the tracks 150 feet 
north of the station, 20 feet southeast of the third telephone pole north of the school
house, 225 feet west of the .tracks, 4 feet from the fence on the west side of the main 
highway. (Note 2, p. 420.) 

J-About 1 mile nortti'.of Onyx, Bannock Ctnin'ty, Idaho, near the signboard "One 
mile to Onyx", west of the ·third telegraph pole south of mile pole 197, 24 feet west of 
the right of way fence on the west side of the tracks. (Note 2, p. 420.) 

K-lnkom, Bannock County, -Idaho, in the foundation of the water tank, in the 
westernmost of the two foundation stones parallel to the tracks; a square cut in the 
southeast corner. 

L-lnkom, Bannock County, Idaho, near the first telegraph pole west of the station, 
50 feet south·of the tracks, between the guy wire and the main pole. (Note 2, p. 420.) 

M-PortneuY, Bannock Count.J1, Idaho, 4 feet south"<:>f the telephone pole opposite 
the midpoint between the t\vo east switches of the siding, 60 feet north of the tracks, 
10~~ feet north of the north right of way fence. (Note 2, p. 420.) 

A
3
-Pocatello, Bannock County, Idaho. 

B ...:..._Pocatello, Bannock County, Idaho. 
3 

DEsCRIPTIONS
1 

OF PERMANENT BENCH MARKS BETWEEN POCATELLO AND OWYHEE, 

IDAHO, 1903. 
;], 

~ .. ; ~ -.· 

A
3
-Pocatello, Bannock Counry, Idaho, in the south end of the railroad park east of 

the Oregon Short Line Railroad tracks, opposite .the Oregon Short Line Hotel, about 
35 feet south of the hydrant for the park, and about 12 feet from the south end .fence, 
in line with the center row of trees. (Note 7, p. 420.) 

B
3
-Pocatello, Bannock County, Idaho, in the sloping surface of the white lavatic 

water table of the Masonic Temple, about 16 inches from the large side display window 
of the hardware store on the first floor of the building, about 12 feet from the north
west comer, and about 18 inches above the sidewalk; a square hole lettered thus: 
U.S. DB. M. 

C-Pocatello, Bannock County, Idaho, on the south end of the stone school-house 
3 

west of the Oregon Short Line Railroad tracks, in the sandstone water table, 6 feet 
from the ground and 12 feet from the southeast corner. (Note 8, p. 420.) 

City.-Pocatello, Bannock County, Idaho, on the rock sill of the entrance to the 
Pioneer Block on West Center street. 
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D
3
-Pocatello, Bannock County, Idaho, in the lava foundation of the county court

house, about 30 inches east of the northwest corner, opposite the corner of Fifth and 
Clark streets, about 4 inches above the surface of the ground; a square hole lettered thus: 
U.S. o·B. M. ' 

E-Pocatello, Bannock County, Idaho, in the southwest comer of the public school 
3 

building east of the Oregon Short Line Railroad tracks, about 5 feet east of the south-
west corner, and about 5 feet 6 inches from the ground, opposite the corner of Sixth 
avenue and Clark street. (Note 8, p. 420.) 

F
3
-Four miles west of Pocatello, Bannock County, Idaho, on the top of the east 

retaining wall on the north side of the concrete abutment of a deck-plate girder bridge, 
the first bridge with concrete abutment west of Pocatello; 8 inches from the west edge 
of wall and I foot from the north end. (Note 5, p. 420.) 

G
3
-Two and one-half miles west of Michaud, Oneida County, Idaho, 15 feet west of' 

the first pole east of mile pole 225, at the beginning of the first cut west of Michaud, 
45 feet south of the center of the track, and 5 feet north of the railroad fence, in line 
with the telegraph poles. (Note 7, p. 420.) 

H
3
-Bannock, Oneida County, Idaho, 4 telegraph poles west of the station sign, and 

25 rails east of west switch stand, 75 feet south of the center of the track, and 25 feet 
south of the fence. (Note 7, p. 420.) 

!
3
-About 2 ~ miles east of American Falls, Oneida County, Idaho, between the 

third and fourth telegraph poles east of mile pole 237, 40 feet north from the railroad 
fence, 60 feet south from the center of track, and 12 feet south of line of telegraph 
poles. (Note 7, p. 420.) 

0. S. L.-Amen'can Falls, Oneida County, Idaho, on top of southeast corner of 
southeast capstone of water-tank foundation. 

O. S. L.-Near Amen'can Falls, Oneida County, Idaho, on bridge 217, over Snake 
River, on south~est corner of stone abutment at east end. 

J
3
-About ~ of a mile west of Amen'can Falls, Oneida County, Idaho, on the north 

side of the track, on the capstone of the west abutment of the Oregon Short Line Rail
road bridge over Snake River, ro inches from north end, and r foot from east edge of 
sandstone c;:ap. (Note 5, p. 420.) 

K
3
-0ne-half mile east of Napati, Blaine Counf)1, Idaho, 20 feet west of mile pole 

247, 50 feet south of the center of the track, and 50 feet from the fence, in line with 
the telegraph poles. (Note 7, p. 420.) 

L
3
-Three miles east of Wapt', Blat'ne Lounty, Idaho, 150 feet north of the center of 

the track and 50 feet t!orth of the railroad fence. (Note 7, p. 420.) 
· 0. S. L.- Wapt', Blaine County, Idaho, on southeast corner of southeast capstone of 
tank foundation. 

M
3
-Three miles west of Wapi, Blaine County, Idaho, opposite the west end of the 

first curve west of Wapi, 85 feet north of the center of the track, rs feet inside the 
Oregon Short Line Railroad fence. (Note 7, p. 420.) 

N
3
-0ne mile' west of Yale (siding), Blaine County, Idaho, 70 feet south of the 

center of the tracks, 30 feet north of the railroad fence, and 21 feet south of the line 
of telegraph poles. (Note 7, p. 420.) 

0. S. L.-Minz'doka, Lincoln County, ldalzo, on southeast corner of southeast cap
stone, tank foundation. 
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0
3
-Minidoka, Lincoln County, Idaho, directly behind mile pole 273, which is also 

the boundary of sections 40 and 4r, 4 telegraph poles west of the office pole, 54 feet 
south of the pole, and 100 feet south of the tracks. (Note 7, p. 420.) 

P
3
-About 6 miles west of Minidoka, Lincoln County, Idaho, and about·1Yz miles 

east of Colburn, Idaho, opposite the second telegraph pole west of mile pole 279 1 about 
60 feet north of the center of the tracks. (Note 7, p. 420.) 

Q,-Four miles west of Colburn and about 5 miles east of Kimama, Lincoln 
County, Idaho, 30 feet south of mile pole 284.Yz, and 85 feet south of the center of the 
tracks. (Note 7, p. 420.) 

0. S. L.-R."imama, Lincoln County, Idaho, on southeast corner of southeast cap
stone of water-tank foundation. 

R
3
-Kimama, Lincoln County, Idaho, ro rails east of the station semaphore, 

r20 feet south of the center of the tracks, directly behind and 65 feet south of the pole 
marking the boundary line between sections 42 and 43. (Note 7, p. 420.) 

S
3
-Senter, Lincoln County, Idaho, 7 Yz poles west of mile pole 296, directly north 

of the station sign, 45 feet north of the center of the tracks. (Note 7, p. 420.) 
T

3
-0winza, Lincoln Counf)1, Idaho, in the foundation of the Oregon Short Line 

Railroad water tank, in the top of the southwest corner of the southeast white sand-
stone cap. (Note 51 p. 420.) . 

U
3
-About 4 miles west of Owinza, Lincoln County, Idaho, about 30 feet east of the 

second telegraph pole west of mile pole 308, about 9 feet south of the line of telegraph 
poles, and about 75 feet south of the railroad tracks. (Note 7, p. 420.) 

V
3
-Dietricl1, Lincoln County, Idaho, directly opposite and 54 feet south of the 

station sign, 66 feet south of the center of the tracks, and rs feet south of the line of 
telegraph poles. (Note 7, p. 420.) 

W
3
-Slwslwne, Lincoln County, Idaho, in the sandstone capstone of the founda

tion of the Oregon Short Line Railroad water tank, in the northeast corner of the 
interior column 011 the north side. (Note 5, p. 420.) 

X
3
-Slzoslzone, Lincoln County, lda/zo, in the northwest corner of the court-house 

yard, in line with the row of trees along the west side, about 50 feet south of the north
west corner, and 5 feet from the fence inclosing the yard. (Note 7, p. 420.) 

Y
3
-Shoslwne, Lincoln County, Idaho, in the red lavatic water-table of the high

school building, 5 feet east of the northwest corner of the building, and 4 feet from 
the ground. (Note 8, p. 420.) 

Z
3
-0ne mile east of Tunupa, Lincoln County, Idaho, 12 feet south of mile pole 

330, opposite the station signal for Tunupa, and 70 feet south of the center of tracks. 
(Note 7, p. 420.) 

A,-Tunupa, Lincoln County, Idaho, I4 rails west of the west end of the siding, 1 r 
poles east of mile pole 332, on the first bridge west of Tunupa, a bridge of the through 
plate girder type, concrete abutments, and sandstone caps and steps; in a corner of the 
third step on the south side of the west abutment. (Note 5, p. 420.) 

B,-Gooding, Lincoln County, Idaho, 2 rails west of the station sign, ro feet east of 
the second pole west of mile pole 338, 60 feet south of center of tracks. (Note 
7, p. 420.) 

C,-Fuller, Lincoln Counf)1, Idaho, about 7 poles east of mile pole 345, 60 feet south 
of center of tracks, 4 feet south of the line of telegraph,poles. (Note 7, p. 420.) 
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D
4
-Bliss, Lincoln County, Idaho, in the west end of the small railroad park west 

of the water tank, and nearly opposite mile pole 351, 3~ rails east of the station 
semaphore, and 20 feet north of the center of the main track. (Note 7, p. 420.) 

E 4-Ticeska, Lincoln County, Idaho, 4 rails east of the station sign, 45 feet east of 1 

the fifth pole east of mile pole 358 and the third pole east of the one marking the 
boundary line between Lincoln and Elmore counties; in line with the telegraph poles, 
and about 60 feet south of the center of the tracks. (Note 7, p. 420.) 

F
4
-King I-fill, Elmore County, Ida/to, 3}5 rails east of the station sign, IO feet 

east of the fifth pole east of mile pole 366, in line with the poles, and 40 feet south 
of the center of the tracks. (Note 7, p. 420.) . 

0
4
-Glenns Ferr;', Elmore Count;1, Idaho, in the center of the west end of the 

Oregon Short Line Railroad park west of the depot, about 8 feet inside of the west 
fence. (Note 7, p. 420.) 

H
4
_..:....Glenns Ferry, Elmore Count;1, Idaho, on the Oregon Short Line Railroad 

water tank, about 2 blocks south of the depot, and about halfway to the riyer, where 
the pumping plant is located; on the northwest comer of the sandstone cap of the lava 
foundation for the northwest pillar supporting the tank. (Note 5, p. 420.) 

1
4
-About 4.6 mHes west of Glenns Fen]', Elmore Count;', Idaho, about ~ pole 

east of mile pole 379 and 60 feet north of the center of the tracks. (Note 7, p. 420.) 
]

4
-ll1edbur;', Elmore County, ldalw, directly opposite the station sign, 135 feet 

north of the center of the main track and 90 feet north of the line of telegraph poles. 
(:Note 7, p. 420.) 

K4-C/zal/~ Spur, Elmore Count;1, Idaho, directly behind mile pole 391, 120 feet 
north of the center of the main track and 70 feet north of the center of the line of 
telegraph poles. (Note 7, p. 420.) 

L
4
-Six miles east of Mountain Home, b'lmore County, Idaho, about 33 feet west of 

mile pole 398, which also marks the boundary of sections 58 and 59, 150 feet north of 
the center of the tracks and 54 feet north of the line of telegraph poles. (No. 7, p. 420.) 

M
4
-Mozmtain Home, Elmore Count.Ji, Idaho, on the foundation of the Oregon 

Short Line Railroad water tank, in the southeast corner of the southeast capstone, 5 
inches from the south and 5 inches from the west side. (Note 5, p. 420.) After this 
bench mark was established it was learned that the tank was likely to be removed within 
a few years. 

N
4
-Mountain I-fome, Elmore Cozmt;1, Idaho, in the east end of the Oregon 

Short Line Railroad Park, about equidistant from north and south fences and about 6 
feet from east fence. (Note 7, p. 420.) 

0
4
-llfozmtain Home, Elmore County, Idaho, at the left-hand side of the Canyon 

street entrance to the office of the Turner Hotel, in the sandstone water table, about 2 }5 
feet above sidewalk and 8 inches from corner of stone. (Note 8, p. 420.) 

P 4-About 5~ miles west of ll1ozmtain Home, Elmore County, Idaho, about 20 feet 
west of the first pole east of mile pole 409 Yi, about 6o feet north of the center of the 
tracks, in line with the telegraph poles. (Note 7, p. 420.) 

Q
4
-Cleft, Elmore County, Idaho, opposite the station sign, one pole west of mile 

pole 41 5, 120 feet south of the tracks. (Note 7, p. 420.) 
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R
4
-About 3 miles east of Orchard, Ada County, ldalio, on a concrete culvert, 

about 3Yz poles east of mile pole 422, about 1 foot from the retaining wall and 1 foot 
from the edge of the abutment. (Note 5, p. 420.) 

S
4
-About 2Yz miles west of Orc/zard, Ada County, Idaho, 5 feet south of mile 

pole 428, 55 feet north of the center of the tracks, and south of Orchard Farm 
fence. (Note 7, p. 420.) 

T
4
-About I 1i1ile east of Owyhee, Ada County, Idaho, 5 feet north of mile pole 

436, and about 45 feet south of the center of the tracks. (Note 7, p.420 .) 
U

4
-Three-fourths of a mile east of Owyhee, Ada CounfJ1, Idaho, in the capstone 

of the south end of the east abutment of an Oregon Short Line Railroad bridge, about 14 
inches from end of stone and equidistant from the sides. (Note 5, p. 420.) 

V
4
-0wyhee, Ada CounfJ1• Idaho, 3 poles east of the station sign, 10 feet west of 

mile pole 437, 60 feet south of the center of the tracks, in line with the telegraph 
poles. (Note 7, p. 420.) 

W
4
-0wyhee, Ada County, Idaho, in the surface of the southwest comer of the 

capstone for the southwest column supporting the Oregon Short Line Railroad water 
tank, about 3 inches from the south edge and 4 inches from the west edge of the stone. 
(Note 5, P·. 420.) 
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PRECISE LEVELING FROM HOLLAND TO NEW 
BRAUNFELS, TEXAS. 

By JORN F. HAYFORD, 

Inspector ef Geodetic TYork; Assi'st{int, Coast and Geodetic SurveJ'· 

This line, together with the branch line from Elgin to triangulation station Barton, 
near Austin, Tex., was leveled by Mr. G. C. Baldwih and Mr. F. H. Sewall, Aids, between 
November 5, 1903, and February 16, 1.904. The two observers used the same instru
ment, alternating in the recording and observing. The main line followed the Missouri, 
Kansas and Texas Railroad from Holland to San Marcos, via Smithville, and the 
International and Great Northern Railroad from San Marcos to New Braunfels. From 
the vicinity of New Braunfels the main line extends over highways (a distance of 9 

' kii.ometers) to the Seguin Base of the ninety-eighth meridian triangulation. The 
branch line follows the Houston and Texas Central Railroad from Elgin to Austin, 
and thence over highways ( 13 kilometers) to Barton station of the ninety-eighth 
meridian triangulation. 

The line is com;ected at Holland with the precise level net shown in Appendix 3 
of the Report for 1903, "Precise Leveling in the United States, 1900-1903." The 
connection with the triangulation station Barton near Austin and with the Seguin Base 
near New :araunfels serves to control the elevations fixed by the measurement o,f vertical 
angles along the ninety-eighth meridian between the Lampasas Base net and the Seguin 
Base. 

INSTRUMENT AND Roos. 

Precise level No. 8 was used. It is one of the most recent type and is fully 
described in Appendix 3 of the Report for 1903, pages 200-211: . 

The value of a 2-millimeter division on the level vial of this instrument is slightly 
less than 2". The telescope has a clear aperture of 4.2 centimeters and a focal length 
of 41 centimeters. 

Rods R, and S were used. They are of the type described on pages 418-419 of 
Appendix 8 of the Report for 1899. They are of the direct reading type and carry a 
centimeter graduation on which reatiings are made to millimeters by estimation. The 
lengths of the 3-meter interval, marked on each· of the rods by .a fine graduation on 
metallic plugs in its face, as determined by the Bureau of Standards, before and after 
the field work, and reduced to o° Centigrade, are as follows: 

Oct. 17, 1903 
Mar. 31, 1904 

Rod R., Rod S. 

3tu +imm,2 

3 +x .2 
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Each rod was measured with a steel tape at least twice each month while in the 
field. The reading of the rod thermometer was always noted in connection with these 
measurements and care was taken that the rods and tape should be at the temperature of 
the atmosphere, so that reliable comparisons could be made. These measurements were 
made in order to detect, if possible, any change in the lengths of the rods during the 
season. They do not give the absolute lengths of the rods at any time, as the error of 
the tape with which the measurements were made is not known. 

The total range in the field measurements of the 3-meter interval on rod R, was 
0.4 millimeter, and on rod S, 0.5 millimeter. The field measurements agreed with the 
measurements at the Bureau of Standards in indicating that no change took place in the 
length of either rod during the season. The computation of the elevations was made 
with the mean excess of length from the four Bureau of Standards measurements of the 
two rods, namely, 0.33 millimeter per meter. 

The index corrections for the rods as determined at Washington before and after 
the field work were as follows, in millimeters: for rod R,, -0.5 and for rod S, -o. 7, on 
October 13, 1903; for rod R,, -0.5 and for rod S, -o.8, on April 13, 1904. 

RESULTS AND THEIR ACCURACY. 

The methods of observation were those which are stated in detail on pages 211-222 
of Appendix 3 of the Report for 1903. · 

The direct results of the leveling are shown in the following table, in which all the 
permanent bench marks are given. 

If no distance is gh·en in the fourth column, the bench mark is in the main line of 
levels. If a distance is given in the fourth as well as the third column, the bench mark 
is on a spur and the distance given in the fourth column shows the point at which the 
spur branches from the main line. 

Each short section, usually from 1 to 2 kilometers long, into which the line was 
divided by permanent and temporary bench marks, was leveled at least twice, once in 
the forward and once in the backward direction. On each section upon which a 

forward and backward measure differed by more than 4 """ ../ K (in which K is the dis
tance leveled between adjacent bench marks in kilometers), both the forward and back
ward measures were repeated until two imch. measures fell within the limit stated: 
The fifth column gives the total discrepancy accumulated at each permanent bench 
mark between the elevation as computed from the backward lines and from the 
forward lines separately. 

The elevations given in the last column are referred to mean sea level on the 
Atlantic and Gulf of Mexico and are based upon the adjustment of the precise level 
net as given in Appendix No. 3 of the Report for J903. 

These are the best v·alues of 1he elevations for these bench marks which are 
available at the date of the preparation of this report. They are given to tenths of 
millimeters. This does not imply that the tenths are free from error. For bench 
marks not more than 4 kilometers apart the difference of elevation is uncertain in the 
millimeters and tenths; for bench marks from 4 to 400 kilometers apart the centimeters 

. are also uncertain; and for those at greater distances apart the decimeters are uncertain. 
The initial elevation at Holland, Tex., may possibly be in error oy 200 millimeters, 

but it is an even chance that it is within 39 millimeters of the truth. 
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Expressed in more precise and technical terms these uncertainties are as follows: the 
probable error of the elevation above mean sea level of bench mark W, at Holland is 
±39 millimeters, of Barton triangulation station, near Austin, is ±41 millimeters, and 
of Seguin West Bast:, near New Braunfels, ±42 millimeters, and for any intenuediate 
bench mark it lies between these values. The probable error of the difference of · 
elevation of any two bench marks in millimeters is ± r.04 ../-K, in which Ar is the dis
tance between the bench marks in kilometers measured along the level line. The value 
±1 .04 millimeters used above for the probable error for a single completed kilometer of 
leveling of thi$ class was derived from the adjustment of the level net. See l\.ppendix 
3 of the Report for 1903, page 379. 

RESULTS OF THE LEVELING. 

When commencing the leveling at Holland in November, 1903, it was found that 
bench mark Y,, established in April, 1903, had been destroyed. Lines were run con
necting W

4 
with X

4 
and z,. The difference of elevation X

4 
- \V

4
, as observed in April, 

1903, was +6.2580 meters,* and as obsen1eci in November, 1903, + 6.2628 meters. 
This discrepancy of 4.8 millimeters on the distance of o.8 kilometer was interpreted as indi
cating that these bench marks were undisturbed. The building on which X

4 
is situated· 

had been partially burned between April and November, but the portion of the wall 
near X 

4 
had not been disturbed. The difference of elevation Z

4 
- W

4
, as observed in 

April, 1903, was +5.8932 meters·, and as observed in November, 1903, +5.8222 meters. 
This large discrepancy, 7 l .o millimeters on 1 .o kilometer, indicates, in connection with the 
leveling between X

4 
and W

4 
cited above, that z, had settled about 7 centimeters between 

April and November. 
The computation of elevations was .based upon the elevation of W

4 
as determined 

in April, namely, 154.6978 meters. 

Results of leveling from Holland to New Braunfels, Tex., with branch /i11e to 
Austin, Tex. 

--·----· ····---- -·-

I Distance to I Tot ldi Distance to 8 s-
Permanent bench tnnrk I bench ".ase of %e~)1~{ Elevation 

lllRrkt spurt bench mark 
i ---·--- ------- --

k11; i km 1nm 111 
Near Holland \\', o. 00 I 154.6978 
Holland z. T. 0 0.00 - 2. 0 t 16o. 5200 
Near Bartlett As 7. 8 7. 8 ' -10.4 18o. 208o 
Granger Bs 17.4 

I 
-II. 4 175.4671 

Granger Cs 17.8 17. 4 I 9.4 175.4366 
Near Circleville Ds 26. I 

I 
5· l 164. 5839 

Taylor Es 35.5 35· I -- 6.o 166.0<;>87 
Taylor Fs 35.8 35. I -- 5.4 168.4433 

----- ------ -- .. --··---· 

~-For the results of the April leveling at Holland and for description of the bench marks, sec 
Appendix 3 of the Report for 1903, pages 338, 575, 791-792. 

t From bench mark \V, at Holland. 
i This elevation supersedes the one given for z, on p. 575, Appendix 3 of 1903. 
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Results o.f leveling .from Holland to New Braunfels, Tex., with branch line to 
Austin, Tex.-Continued. 

-··-·-, ---- --···--1 

Distance to Distance to 
Permanent bench mark bench base of 

mark spur 

Total dis-
crepancy 
(B-F) at 

bench mnrk 

l-----------1------- ---·-· ---·-· -----'----

km km mm 
Coupland 
Near Coupland 

526 Coupland 47. 6 46. 6 + 1. 7 
G~ 48. 0 .+ I. 6 I 

576 S. A. 6o. 7 - o. l 
Beginning, branch line to Austin and to Barton triangulation station. 

576 s. A. 6o. 7 - o. I 

Elgin 

Elgin 
Littig 
Manor 
Daffan 
Near Austin 
Austin 
Austin 
Austin 
Austin 
Austin 
Near Austin 
Near Austin 

Ks 69.1 - 5.4 
Ls So. 8 So. 5 +u. 7 
Ms 89. 1 +1r. 1 

Ns 95. 8 + 9. 2 
Geol. Austin w3. 6 103. o +II. 6 

l's 104. 5 I04. 5 +rn. 8 
. Os mt. 9 rn4. 5 + 9· 7 

North Meridian Mark rn5. 7 104. 5 -i- 6. I 
508 Austin JOS. 2 w4. 5 + 8. 1 
476 Austin 105. 2 \ +11. o 
Barton& 117.3 , +16.7 

End, branch line to Austin and to Barton triangulation station. 
Elgin 
Near Elgin 
Near Sayers 
Near Sayers 
Near Sayers 
Near Bastrop 
Near Bastrop 
Near Bastrop 
Bastrop 
Bastrop 
Bastrop 
Bastrop 
Near Bastrop 
Hills Prairie 
Near Upton 
Upton 
Near UP.ton 
Smithville 
Smithville 
Smithville 
Smithville 
Near Smithville 
Near Smithville 
Near Smithville 
Rosanky 
Near Hemkens 
Near Hemkens 
Near Hemkens 
Redrock 
Bateman 
Near Dale 
Near Lockhart 
Lockhart 
Lockhart 
Lockhart 
Near Lockhart 
Near Clear Fork 
Maxwell 
Near Maxwell 

Hs 60. 7 6o. 7 + o. 6 
Is 62. 6 + 5. 3 
Js 73. 9 +10. o 
Qs 77- 4 7i· 2 + 2. 4 

449S. A. 77.6 77.2 + 1.8 
46o S. A. 84. 5 83. 6. 2.3 

1

. 

R 5 85. 3 1. 7 
365 S. A. 89. o . 88. 5 4. 2 ' 

372 Bastrop 91. 6 91. 3 5. 2 
Geo!. Bastrop 92. 2 9r. 3 5. 2 
377 Bastrop 92. 2 91. 3 4. 9 

Ss 92. 3 91. 3 4· 4 
Ts 94.9 -14.9 

359 Hills Prairie 99. 2 98. o -- 13. 5 
Ps w1.9 -13.3 

349 Upton 105. 5 - 18. o 
Vs 107. 3 ·-22. 6 

329 Smithville 115. 9 -40. 7 
Ws II6. 4 II5. 9 -42. 5 
x 5 IJ6. 4 115. 9 -42. 9 
Ys l 16. 6 II5. 9 -42. 5 

433 S. A. II9. 8 II8. 9 * 
46o S. A. 123. 4 -28. 3 
~ 1~2 -~4 

512S.A. 132.7 131.6 -39.5 
451 S. A. 139. I 138. l --48. 9 

117 139. 4 -50.9 
.\6 139. 7 139. 4 -50. 5 

491 S. A. 148. 5 147. 7 -54. o 
R6 152.8 152.6 --52.8 
c6 16o. 8 16o. 1 -62. 3 
D6 171.3 -78.3 

Geol. Lockhart 174. 1 -81. 6 
Eo 174. 8 174. l -79. 9 
F6 175. 0 174· I -80. 7 
G6 175· 6 -n. 3 

Geol. Clear Fork 18o. 6 -88. 5 
Geol. Maxwell r86. 2 -88. 9 

H6 188. I -87. 6 

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

*The spur is on a single line of levels-that is, run in one direction only. 

Elevation 

.,, 
157.5949 
16o.3633 
173· 1297 

173. 1297 
140.5457 
163.0038 
185.4536 
137. 1454 
141. 8973 
146.0929 
149.4489 
166. 1009 
153.0438 
143.2432 
315.7015 

175. 2537 
166.o697 
120. 9687 
130. 8o91 
134.4157 
137.9368 
132.2620 
108.9346 
l I I. 7252' 
l l I. 9966 
ll.).2446 
I 13. 3906 
109. 1584 
xo7. 7452 
IOI. 8172 
w4. 7076 
109.9573 
98.6645 

100.6165 
100.6527 
99.5198 

129.658 
137. 9305 
150.5013 
153.7224 
134.9441 
136.0403 
135.9465 
147· 1423 
144.0214 
152.4206 
130. 7846 
153.8278 
16o. 2476 
159. 7400 
162.8245 
173.6528 
l84.o672 
177.6737 
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Results of levelt'ng from Holland to New Braunfels, Tex, wit!t branc!t line ·to 
Austin, Tex.-Continued. 

i Distance to Distance to Totnl dis- I J 

Permanent bench mark I bench base of (';tPF'J"~[ I Elevations I n1ark spur bench mark 

·---··----- ·-- ----- -------
non. I km. km. 1/l. 

Near Reedville JOO s. A. 194.0 - 98.9: 177- 0844 
San Marcos I6 200.4 - 92.8 I 178.3273 
San Marcos ]6 200.8 200.4 - 93.3. 188.5889 
San Marcos K6 200.9 200.4 92. 5 I 189. g818 
Near San Marcos 585 San Marcos 200.8 200.4 90· 5 I 176. 0931 
Near Hunter L6 207.7 g8. 2 205.0700 
Near Hunter 627 Yorks 212.4 -!05, 4 189.4730 
Near Hunter M6 213. 8 -108. 5 197.7876 
Goodwin N6 22! .9 -102. 3 210,4307 
Goodwin 695 S. A. 222. I -102. 6 210.3561 
Near New Braunfels T6 232. 2 - 92.9 187.7330 
Near New Braunfels Seguin W. B. & 234.3 - 95.5 189.0932 
Near Seguin Seguin E. B. & . 

24r. l I 234.3 *181. 8735 
Near New Braunfels 06 227.0 225.3 -IOI. 6 190.2783 
Near New Braunfels 638 Comal 229.5 225.3 -1.03.4 193.0182 
New Braunfels p6 230.0. 225.3 -103. 7 194.66¢ 
New Braunfels Q6 230. I I 225.3 -104. 4 193.6122 
New Braunfels R6 230. 21 225. 3 -105. 7 192. 1704 
New Braunfels s6 230.3 225.3 -105.0 193· 1736 
·--- ------

Principal maximum values q( total discrepancy (B-F) in main line 

Distnnce B-F n-:P per 
kilometer 

km. 11l11l. 1111/l. 

15.9 - 15.4 -o.97 
73.9 + 10.0 +0.14 

115.9 - 40. 7 -0.35 
213.8 -108. 5 -0.51 

At end 234. 3 - 95.5 -0.41 

On the branch line to Austin and Barton triangulation station the maximum value 
of B-F was +2rJ.6 millimeters on a distance of l 16. l kilometers, or -o. 18 millimeter 
per kilometer. 

RAIL ELEVATIONS. 

The following elevations for the top of the rail in front of the railroad stations 
named were determined during the progress of the leveling, usually by a sing1e rod 
reading taken from one of the instrument stations on the main line of levels. They 
are computed upon the same basis as the elevations in the preceding tables. 

Meters. 
Bartlett, Tex ........... , ............................................. 182. 48 

·Granger, Tex ........................................................ 176. 29 
Circleville, Tex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . 167. 70 

*The line from Seguin West Base to Seguin East Base was run by the base line party, lgoo-1901. 
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Hoxie, Tex ........................................................ . 
Taylor, Tex ........................................................ . 
Coupland, Tex. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ............... . 
Elgin, Tex ................................. · ........................ . 
Elgin, Tex ................................................. ! ....... . 
Littig, Tex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....................... . 
:Manor, Tex ........................................................ . 
Daffan, Tex • ___ .................................................... . 
Austin, Tex ......................................................... . 
Clopton, Tex ....................................................... . 
Sayers, Tex ......................................................... . 
Bishop, 'fex . . . . . . . . . . . . ........................................... . 
Ransom, Tex .............................................. . 
Bastrop, Tex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... 
Hills Prairie, Tex .. : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . 
Upton, Tex ......................................................... . 
Fawcett, Tex ....................................................... . 
Smithville, Tex.· ........... : ........................................ . 
Rosanky, Tex ............................................ · .......... . 
Hemkcns, Tex ...................................................... . 
Tomlin, Tex ........................................................ . 
Redrock, Tex ...................................................... . 
Bateman, Tex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .................... . 
Dale, Tex .......................................................... . 
Lockhart, Tex. . . . . . . . . . . . . . . . . . . . . . . . . ............................ . 
Blanks, Tex ........................................................ . 
Clear Fork, Tex .................................................... . 
Maxwell, Tex ...................................................... . 
Reedville, Tex ............................................... . 
Blanco, Tex ........................................................ . 
San Marcos, Tex .................................................... . 

Meters. 

186.29 
165.83 
159· JO 

173.56 
174.07 
139. 22 
160.88 
187. 77 
141. 97 
154.42 
124. 29 
151. 00 

139. 24 
I 12. 31 
108. 18 
104.38 
IOI. 16 
98.94 

154.82 
133. 77 
162.71 
147.34 
144. 14 
158.42 
157. 85 
171. 36 
173. 12 
184.34 
172.41 
179. 91 
176.98 

Hunter, Tex ....................................................... 191. 39 
Goodwin, Tex.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2!0. 56 
New Braunfels, Tex. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 194. 30 

STATISTICS OF THE LINE. 

The principal items of information in regard to this line nre given in the table 
below in the same form as the tables on ;:>ages 224-225 of Appendi:-~ 3 of the Report for 
1903, arranged in such a manner as to be conducive to comparison between lines. 

The number of permanent bench marks includes all with which the leveling was 
directly connected, regardless of whether they are new bench marks or bench marks 
previously established by some other party or organization. 

The average distance between bench marks was obtained by dividing the total 
length of the main line by the number of permanent bench marks. 

The speed was obtained by dividing the total length of the line by the interval in · 
months from the date of the first leveling to the date of the last, inclusive. The 
expression, ''total length '' refers to the completed line. Each completed section of 
the line was leveled at least twice, and in some cases four or more times. To obtain 
the speed in terms of single line one must therefore multiply the speed here given by a 
factor somewhat greater than two. 
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The discrepancy in millimeters per kilometer was obtained by dividing the total 
discrepancy on the main line by the length of the main line. 

The probable error of the mean result for a section was computed by the formula 

J::Ed' 
r" = 0.674 --

4 s 
in which dis the discrepancy between the forward and backward leveling over a sectio~, 
ands is the number of sections. 

The probable error for 1 kilometer, r., was derived by assuming that the average 
length of a section is to 1 kilometer as (r")2 is to r/. 

-----------·-------------------------------~ 

Observers 
Instrument 
Rods 
Date of first l'!veling 
Date of last leveling 
Length of main line, lan. 
Length of side lines, k . .,, 
Total length, km. 
Total length, miles 
Number of permanent bench marks 
Average distance between permanent bench marks, in km. 
Speed, km. per month 
Speed, miles per month 
Percentage run more than twice 
Discrepancy (B-F) total, mm. 
Discrepancy (B-F) in mm. per km. 
Probable error for I km. in mm. 
Velocipede cars used 

COMMENTS ON 'l'HE; LEVELING. 

Holland to New Braunfels, 
Tex.* 

• G. C. B. & F. H. S. 
8 

R 2 &S 
Nov. 5, r903 
Feb. 16, 1904 

29r 
21 

312 

I~ 

3.6 
92 
57 
22 

-95.5 
- 0.41 
± o.8 

" Yes 

Both observe!S used the railroad rails as rod supports during the greater part of 
the time, following the practice of Mr. Libby and Mr. King during the latter part of 
their leveling in the summer of 1903, as set forth in Appendix 6 of the Report for 1904. 
The observers were cautious in avoiding the use of the rail when a train was known to 
be approaching, or after heavy rains, or when the track had been tamped recently by 
the section men. 

Apparently the rather large percentage of re-running (22) was due mainly to tlJe 
inexperience of the two observers. Neither observer had any experience as observer 
on precise leveling before the beginning of this work. Mr. Baldwin had had several 
seasons of experience as rodman and recorder. During the last month of the leveling, 
over the interval from bench mark 457 S. A. to the end of the line, 95 kilometers, the 
percentage of re-running was 8, much smaller than the average for the season. 

The effect of experience on the part of the observers also shows in the rate of 
progress. The av.erage rate of progress for the whole season \Vas 92 kilometers of 
conipleted lii1e per month. During the last month of work, January 17-February 16, 
l 13 kilometers were completed. 

*Includes the branch line from Elgin to Austin and triangulation station Barton. 

10277-04--31 
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The alternation in observing furnished a good opportunity to compare the results 
of two men under nearly the same conditions. Mr. Baldwin ran four sections of the 
main line having an aggregate length of 148 kilometers, and Mr. Sewall ran three 
sections with the same· aggregate length, 148 kilometers. Each short section of the 
line which was run forward by a certain observer was also run backward by the same 
observer. The percentage of re-runniO:g was 24 for Mr. Baldwin and 19 for Mr. Sewall. 
The average accumulated discrepancy (B-F) was for Mr. Baldwin +0.03 millimeter 
per kilometer, and for Mr. Sewall -0.60 millimeter per kilometer. The probable error 
of a single kilometer of completed line was for Mr. Baldwin ±0.84 millimeter, and for 
Mr. Sewall ±0.83 millimeter. 

The conclusion from these figures must be that there was but slight difference in 
the habits of observing of the two men or in the accuracy of the results. The most 
marked difference was that Mr. Baldwin was more successful than Mr. Sewall in 
preventing the accumulation of discrepancy between the forward and backward lines. 

The number of rejections on the whole line under the rule that ''if any measure 
over a section gives a result differing by more than 6 millim.eters from the mean of all 
the measures over that section, this rheasure shall be rejected" was 20, or one rejection 
for each 15 kilometers of completed line. 

DESCRIPTIONS* OF PERMANENT BENCH MARKS BETWEEN HOLLAND AND NEW 
BRAUNFELS, Tnx., 1903-4. 

NoTE.-A bench mark referred to this note is the bottom of a bole, 17.( inches 
square and ?,( inch deep, cut in the top of a limestone post, 4 feet long and 6 inches 
square, with 6 inches dressed and projecting above the ground, the top lettered 

u s 
D 

B M 
X,-Holland, Tex. (Appendix 3, Report for ,1903, p. 791.) See also p. 437. 
Z,-Holland, Tex. (Appendix 3, Report for 1903, p. 792.) 
W,-Near Holland, Tex. (Appendix 3, Report for 1903, p. 791.) 
As-About three-fourths mile north of Bartlett, W£lliamson County, Tex., on the 

line of the Missouri, Kansas and Texas Railway; about 20 feet south of mile pole 902; 
on the west side of the track; a stone post, 6 feet east of a telegraph pole and 3 feet east 
of the barbed wire fence. (Note above.) 

Bs-Granger, Wi°lliamson County, Tex., in the southwest comer of the yard of the 
house of Charles Shoemaker, corner of Commerce and Ash streets; a stone post, 2 Yz feet 
northeast of the picket fences surrounding the yard and about 140 feet east of the track 
of the Missouri, Kansas and Texas Railway. (Note above.) 

Cs-Granger, Wz'lliamson County, Tex., at the northeast corner of the main entrance 
to the building of the First National Bank of Granger; a copperbolt, unlettered, leaded 
vertically in the top of the triangular limestone step, about 6 millimeters below the 
wearing surface. 

* Any person who finds that one of the bench marks here described is disturbed or that the descrip
tion no longer fits the facts, is requested to send such information to the Superintendent, Coast and 
Geodetic Survey, Washington, D. C. 
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D
5
-About two-fifths mile north of Circleville, Williamson County, Tex., on the line 

of the Missouri, Kansas and Texas Railway, about 60 meters south of the south abut
ment of the Missouri, Kansas and Texas Railway bridge over the San Gabriel Creek; 
at the railroad water tank, about 2 meters west of the track; the bottom of a square 
hole, l by l by Ji inches deep, in the top of the sandstone base of the southeast column, 
which is 3 feet square and 2 ~ feet high above ground. 

Es-Taylor, Wt"lliamson County, Tex., in the grass plot or gore park east of the 
station of the International and Great Northern Railroad; a stone post, 25.5 meters 
east from the east wall of the station ano 17.8 meters north from the center of the 
track of the International and Great Northern Railroad, nearest the station. (Note, 
p. 442.) 

Fs-Taylor, Wt1liamson County, Tex., in the south wall of the Taylor National 
Bank, corner of Main and Second streets, a brick building, with first story granite; 20 
feet west of the east entrance; a horizontal mark on the face of a copper bolt leaded 

us 
horizontally in the wall, 2 ~ feet above th

0

e sidewalk, marked ' e . 
BM 

526 Coupland-A United States Geological Survey bench mark at Coupland, Wt"l
liamson County, Tex., opposite the station, 50 feet east of main track of Missouri, 
Kansas ~nd Texas Railway and 5 feet east of the southwest corner of the fence inclos
ing the section-house yard; an iron post, marked 526. 

G
5
-About one-fourth mile south from Coupland, Wt"!Namson County, Tex., on the 

line of the Missouri, Kansas and Texas Railway, 9~ rails north from mile pole 927; a 
stone post opposite the south end ·of the first switch west of the main track, about 35 
feet west of the main track and 4 feet east of the right-of-way fence. (Note, p. 442.) 

576 S. A.-A United States Geological Survey bench mark at Elgin, Bastrop 
County, Tex., at Union passenger station, 7 feet east of the southeast comer of a small 
park, l 15 feet east of the crossing of Missouri, Kansas and Texas and the Houston 
and Texas Central railroads, 20 feet north of Houston and Texas Central Railroad 
main track; an iron post, marked 576 S. A. 

K
5
-Littig, Travt"s County, Tex., in the southwest corner of the yard of section 

house u5, almost opposite the east end of the switch and about 8 meters north of the 
main track of the Houston and Texas Central Railroad; a stone post, about I.2 meters 
north and east, respectively, of the south and west fences bounding the yard. (Note, 
p. 442.) 

Ls-Manor, Travis County, Tex., in the front wall of the brick building facing on 
the main street of the town, owned by Mr. Harris and occupied by W. H. Richardson, 
hardware and general merchandise; the center of a cross cut in the face of a copper 
bolt, unlettered, leaded horizontally into the street facing of the west wall of the 
building, about i.4 meters above the sidewalk and about o.6 meter west of the show 
window. 

M
5
-About 44'5 meters west of the Houston and Texas Railroad depot at Dajfan, 

Travis County, Tex., about 56 meters west of the first cattle guard west of the station; 
a stone post about I meter south of the line of telegraph poles and about 7 meters north 
of the main track. (Note, p. 442). 
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Ns-About 53/z miles east of the Houston and Texas Central Railroad passenger 
depot, at Austin, Travis Counf)1 , Tex., on the west stone abutment of that railway's 
bridge over Walnut Creek; in the top layer of the backing; r .35 meters north of the 
main track; the top of a copper bolt leaded vertically into the top of the stone, o. 18 

us 
meter west of the east edge, and roughly lettered 0 . 

BM 
0

5
- Austin, Travis Counf)1 , Tex., in the Driskill Hotel building, corner of 

Brazos and Sixth streets; the top of a copper bolt, unlettered, leaded vertically into the 
top of the limestone step to the first door west of the entrance to the American National 
Bank; about 1.2 meter from the door and 0.5 meter from the wall. 

Ps-Austin, Travis County, Tex., in the passenger depot of the Houston and 
Texas Central Railroad, corner of Congress avenue and East Third street; in the south 
wall, bay projection, just west of the large door of the general truck or baggage room 
at the east end of the building; a horizontal mark in the face of a copper bolt, unlet
tered, leaded horizontally into the face of the wall about r. 7 5 meters from the ground 
and o. 2 meter from the inside corner. 

Geol. Austin.-A United States Geological Survey bench mark at Austin, Travis 
County, Tex., in the freight yard of the Houston and Texas Central Railroad, 60 meters 
west of the office door of the freight depot; an iron post close to a telegraph pole and 5 
meters north of the northernmost track. 

North Meridian Mark.-Austin, Travis County, Tex., on Capitol Hill; a cross on 
the copper bolt in the center of the top of the square stone pillar marking the north 
end of the meridian line established in 1872. 

508 Austin.-A United States Geological Survey bench mark at Austin, Travis 
County, Tex., on the southwest corner of the post-office, facing Colorado street; a 
bronze tablet marked 508. 

476 Austin.-A United States Geological Survey bench mark at Austin, Travis 
County, Tex., on the highway bridge over Colorado River, in the west end of the south 
rock pier; a copper bolt, marked 476 feet. 

Barton.8.-About 6 miles W. 19° N. of Austin, Travis County, Tex., on the north 
side of the Austin and Bee Caves road, on very rough ground, upon a prominent 
wooded hill, abreast and north of the 8-milepost from Austin. The station mark is a 
2-inch iron pipe embedded in and filled with concrete, with a nail projecting from the 
concrete. The bench mark is a chisel mark on the rim of the iron pipe. 

Hs-Elgin, Bastrop County, Tex., on the east side of the station of the Missouri, 
Kansas and Texas Railway and the Houston and Texas Central Railroad; a horizontal 
mark on the face of a copper bolt, not lettered, leaded horizontally into the brick wall 
of the bay projection, 4 feet above the ground, 4 inches above the base of the bay win
dow toward the Missouri, Kansas and Texas Railway track, and 2 feet south of the 
window along the wall. 

Is-About l Ji miles south of the station at Elgin, Bastrop County, Tex., on the 
line of the Missouri, Kansas and Texas Railway, about 15 feet south from mile pole 936; 
a stone post 3 feet inside of the west right-of-way fence. (Note, p. 442.) 

Js-About one-half mile north _of the freight shed or station at Sayers, Bastrop 
County, Tex., on the line of the Missouri, Kansas and Texas Railway, about 130 feet 
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north of mile pole 943; a stone post 5 feet inside the east right of way fence. (Note, 
p. 442) 

Qs-About lf8 miles south of Sayers, Bastrop County, Tex., on the line of the 
Missouri, Kansas and Texas Railway, on a large concrete culvert, about 140 meters 
north of a public road crossing; the top of a copper bolt, unlettered, leaded vertically 
into the concrete of the culvert in the south corner of the east end, about 0.1 meter from 
each of the two edges of the corner of the culvert. 

449 S. A.-A United States Geological Survey bench mark, about l _% miles south 
of Sayers, Bastrop County, Tex., and 8~ miles north of Bastrop, 4_% telegraph poles 
south of mile pole 945, 5 feet east of the northwest corner of the right of way fence at 
the public road crossing; an iron post, marked 449 S. A. . 

Rs-About 4 miles north of Bastrop, Bastrop Counl)1 , Tex., along the line of the 
Missouri, Kansas and Texas Railway, about 70 meters south of mile pole 950; a stone 
post in the line of telegraph poles, 8~5 meters east of the track and about 6.5 meters west 
of barbed wire fence bounding the right of. way. (Note, p. 442, except that the post is 
but 3 feet long and projects 3 inches.) 

460 S. A.-A United States Geological Survey bench mark, 4_% miles north of 
Bastrop, Bastrop County, Tex., at the crossing of the Bastrop and Elgin public road, 3 
feet outside of the southeast corner of the right of way fence; an iron post, marked 
460 S. A. 

365 S. A.-A United States Geological Survey bench mark, r.66 miles north of 
Bastrop, Bastrop County, Tex., at the northeast end of the east rock pier of the bridge 
over Piney Creek; a copper bolt, marked 365 S. A., in the top of the coping. 

372 Bastrop.-A United States Geological Survey bench mark at Bastrop, Bastrop 
County, Tex., loo feet southwest of the freight depot and 50 feet south of the Bastrop 
and Lagrange county road; an iron post, marked 372. 

Geol. Bastrop.-A United States Geological Survey bench mark at Bastrop, Bas
trop County, Tex., in the northeast part of the court-house grounds, close to the iron 
fence on the north side of the grounds, and about 15 meters east of the pathway lead
ing to the main entrance to the court-house; a bronze tablet in the top of a square 
stone post. The post had been pulled up and reset since it was established. 

377 Bastrop.-A United States Geological Survey.bench mark at Bastrop, Bastrop 
County, Tex., at the north,vest side of the main entrance to the court-house; a bronze 
tablet set in the brick wall, marked 377. 

Ss-Bastrop, Bastrop County, Tex., on the east side of the county jail, about r.6 
meters south of the northeast corner, and 1.2 meters above the ground; the center of a 
cross on the face of a copper bolt, unlettered, leaded horizontally into the plaster-covered 
brick wall, 0.85 meter north of the window on the east side of the building nearest the 
northeast corner, and about 0.1 meter below the level of the window sill. 

Ts-About 2 miles south of Bastrop, Bastrop Co"zmty, Tex., on the north stone 
abutment of the Missouri, Kansas and Texas Railway bridge over Colorado River, 1. 2 

meters west of main track and 0.3 meter below the top of the rails; the top of a copper 
bolt, unlettered, leaded vertically into the top of the rough plaster-covered stone wall 
which forms the backing for the abutment. 
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359 Hills Prairie.-A United States Geological Survey bench mark at Hills Prairie, 
Bastrop County, Tex., 28 feet east of the south head block, near the right of way fence; 
an iron post, marked 359. 

Us-About 2 miles north of Upton, Bastrop County, Tex., on the south stone abut-
ment of the Missouri, Kansas and Texas Railway bridge over Cedar Creek, on the 
southwest corner;. the bottom of a square hole, 1 ?( inches square and ?( inch deep, 

us 
cut in the· top stone, about o. 11 meter from the north and east edges, lettered D . 

BM 
349 Upton.-A United States Geological Survey bench mark at Upton, Bastrop 

County, Tex., about 45 feet east of the head block at the south end of the switch, near 
the right of way fence; an iron post, marked 349. _ 

vs-About I 73 miles south of Upton, Bastrop County, Tex.' on the line of the 
Missouri, Kansas and Texas Railway, about 420 meters north of mile pole 964; a stone 
post in the line of telegraph poles on the east side of the track, about midway between 
the track and the right-of-way fence. (Note, p. 442.) 

329 Smithville.-A United States Geological Survey bench mark at Smithville, 
Bastrop County, Tex., r.o feet east of the second telegraph pole south of mile pole 969, 
also the second telegraph pole north of the station ; an iron post, marked 329. 

Ws-Smithville, Bastrop County, Tex.,· h1 the brick building on Main street owned 
by Ed. Eagleston and occupied by the American Express Company; a cross cut in the 
face of a copper bolt, unlettered, leaded horizontally into the partition wall between 
the express office and a barber shop, in slight recess, 0.22 meter from either edge of the 
protruding wall and 1.13 meters above the pavement. 

Xs-Smithville, Bastrop County, Tex.,- in the brick building of the Bank of Smith
ville, corner of Main and Second streets; a cross cut in the face of a copper bolt, 
unlettered, leaded horizontally in the wall, r.2 meters above pavement and 0.3 meter 
from the edge of the wall at the window on Second street. 

Y
5
-Smithville, Bastrop County, Tex.,- in the Masonic Building (of brick), corner 

of Main and Third streets; the bottom of a square hole, unlettered, cut in the concrete 
ledge to the window on Third street, 0.15 meter from the edge of the corner brick 
pillar and o. 12 meter from the window. 

433 S. A.-A United Stat~ Geological Survey bench mark about 371 miles west 
of Smithville, Bastrop County, Tex., about ?( mile east of mile pole 972, 25 feet 
northwest of a road crossing; an iron post, marked 433 S. A. Reported in very poor 
condition in 1904. . 

460 S. A.-A United States Geological Survey bench mark about 4~ miles west of 
Smithville, Bastrop County, Tex., near the second telegraph pole east of mile pole 974, 
65 feet northeast of the road crossing; an iron post in a corner of the fence, marked 
460S. A. 

Z
5
-Near Rosanky, Bastrop County, Tex., in the right of way of the Missouri, 

Kansas and Texas Railway, 103 meters east of mile pole 977 and 48 meters west of a 
road crossing; a stone post in the line of telegraph poles on the south side of the 
track. (Note, p. 442.) 

512 S. A.-A United States Geological Survey bench mark, 120 yards west of the 
railroad station at Rosanky, Bastrop County, Tex., 50 feet south of the crossing of 
the Rosanky and Jeddo public road; an iron post, marked 512 S. A. 
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451 S. A.-A United States Geological Survey bench mark, U mile east of the 
section house at Hemkens, Bastrop County, Tex., 4 miles west of Rosanky and 6 miles 
east of Redrock, 45 feet southwest of the settlement road crossing and about halfway 
between mile poles 983 and 984; an iron post, marked 45r S. A. 

T. B. M. rr7.-Just west of Hemkens, Bastrop Cou11t;1, Tex.; the bottom of asquare 
hole cut on the·red rock base to the column at the northwest corner of the old water 
tank. 

A
6
-Abont ~ mile west of Hemkens, Bastrop County, Tex., on the right of way 

of the Missouri, Kansas and Texas Railway, 282 meters west of a water tank near mile 
us 

pole 984, in a red sandstone culvert; the top of a copper bolt, lettered 0, leaded hori
B M 

zontally in the northwest corner of the side north of the track, 0.37 meter from the 
north and west edges . 

. 491 S. A.-A United States Geological Survey bench mark at Redrock, Bastrop 
County, Tex., l 200 feet southeast of the passenger station on the Lockhart branch of 
the Missouri, Kansas and Texas Railway, 125 feet south of the track at the intersec
tion of the Waelder and Redrock and the Redrock and Rosanky public roads; an iron 
post, marked 491 S. A. Reported unstable in 1904. 

B
6
-Bateman, Bastrop County, Tex., on the San Antonio branch of the Missouri, 

Kansas and Texas Railway; 18.6 meters northeast of the signboard "Bateman," and 
about r8 meters south of Redrock-Taylorville road and railroad crossing; 4.87 meters 
from the middle of the south rail, 3.3 meters from the line of telegraph poles; the top 
of a copper bolt leaded vertically in an outcrop of red sandston.e, 1. 5 meters Ioi1g by 
0.4 meter wide, by 0.2 meter high, with the letters U. S. cut in the stone below the 
bolt. 

C
6
-Three-fourth mile east of Dale, Caldwell Counf)1, Tex., on the right of way of 

the Missouri, Kansas and 'l'exas Railway, on.a red sandstone culvert, 2.3 meters east of 
mile pole 997; the top o~ a copper bolt leaded vertically into the center of the top of the 
upper southwest corner stone, 0.25 meter from the south and west edges of the culvert, 

us 
roughly lettered 0. 

BM 
D

6
-Two and a half miles east of Lockliart, Caldwell County, Tex., on the right of 

way of the Missouri, Kansas aud Texas Railway, in the west limestone pier of the 
bridge over Plum Creek; the bottom of a square hole, unlettered, cut in the northwest 
corner of the top of the southernmost topstone,. o. 2 meter from the joint, o. I meter 
from the west edge, and 0.9 meter south of the south rail of the track. 

Geol. Lockhart.-A United States Geological Survey bench mark at Lockhart, 
Caldwell County, Tex., 30 feet south of the track of the Missouri, Kansas and Texas 
Railway, 200 feet west of the transfer track of the Sau Antonio and Aransas Pass Rail
way, and 40 feet west of the road; an iron post. Reported slightly loose in 1904. 

E
6
-Locklzart, Caldwell County, Tex., Qn the county court-house; in the east wall, 

about 1.2 meters from the northeast corner and about r.2 meters above the· ground; 
about 0.52 meter south of the granite corner stone, and o. 14 meter above the layer of 
red sandstone; a cross cut in the face of a copper bolt, leaded horizontally into a block 
of limestone dressed ready for lettering, but not lettered. 
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F
6
-Lockhart, Caldwell County, Tex., in the Eugene Clark Library building, about 

0.42 meter north of the southeast corner of the front wall of the building, and about r.2 
meters from the ground; a cross in the face of a copper bolt, leaded horizontally into 

the limestone window ledge, lettered U ~ C. 

G
6
-About ~ mile west of the Missouri, Kansas and Texas Railway depot at 

Lockhart, Caldwell Counf)1 , Te:x:., about 100 meters west of the westernmost switch in 
the yards; a stone post in the line of telegraph poles on the railway right of way, south 
of the track. (Note, p. 442.) 

Geol. Clear Fork.-A United States Geological Survey bench mark, 400 feet east 
of the spur at Clear Fork, Caldwell County, Tex., 25 feet north of the center of the 
track and 50 feet south of the San Marcos and Lockhart road crossing; an iron post. 
Reported very slightly loose in r 904. 

Geol. Maxwell.-A United States Geological Survey bench mark at Jlfaxwell, 
Caldwell County, Tex., 30 feet south of the center of the main track, directly in front 
of the station; an iron post. 

H
6
-About 1 ~ miles west of Maxwell, Caldwell County, Tex., 38 meters west of 

mile pole 1014, on the right of way of the Missouri, Kansas and Texas Railway; a 
limestone post, 10 meters south of track. (Note, p. 442.) 

100 S. A.-A United States Geological Survey bench mark about ¥s mile west of 
Reedville, Caldwell County, Tex., IO feet west of the ninth telegraph pole east of mile pole 
1018, 40 feet south of the track and 30 feet east of the wagon road; an iron post marked 
100 S. A. 

I
6
-San Marcos, Hays County, Te:x:., opposite the freight depot of the International 

and Great Northern Railroad and just south of the track; in the middle of the southeast 
face of the octagonal limestone base (3 meters high) of the steel water tank, 1 meter 
above the ground; a horizontal mark in the face of a copper bolt, unlettered. 

J
6
-San Marcos, Hays County, Tex., at the east entrance of the court-house, in the 

face of the corner pillar of dressed limestone; the center of a c;ross cut in the face of a 
copper bolt, unlettered, about r.5 meters north from the entrance and 1.5 meters above 
the ground. 

K
6
-San Marcos, Hays County, Te:x:., in the building of the Glover National Bank, 

in the top of the limestone ledge step below the window at the left of the entrance; the 
top of a copper bolt, t~nlettered, in the center of the step. 

585 San Marcos.-A United States Geological Survey bench mark near San Jlfarcos, 
Hays County, Tex., on the International and Great Northern Railroad bridge over San 
Marcos River, in the west end of the north rock pier; a copper bolt, marked 585 feet. 

L
6
-2.8 miles e~t of Hunter, Comal CounfJ', Tex., 25 meters east of milepole 214, 

on the right of way o( the International and Great Northern Railroad, 6 meters south 
from the track; a stone post. (Note, p. 442.) 

627 Yorks.-A United States Geological Survey bench mark near Hunter, Comal 
County, Tex., on the International and Great Northern Railroad bridge over Yorks 
Creek, near mile pole 219, in the top of the west end of the north rock pier; a copper 
bolt, marked 627 feet. 
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M6-I mile west of Hunter, Comal County, Tex., 210 meters east of milepole 218, 

opposite post with sign ''Hunter, 1 mile,'' 4. 5 meters east of a crossing, on the right of 
way of the International and Great Northern Railroad; a stone post. (Note, p. 442.) 

N
6
-200 meters east of Goodwin, Comal Coun!J', Tex., opposite the switch block at 

the east end of the siding, on the right of way of the International and Great Northern 
Railroad, 16 meters north of the track; a stone post. (Note, p. 442.) 

695 S. A.-A United States Geological Survey bench mark at Goodwin, Comal 
County, Tex., opposite the station, in the right of way of the International and Great 
Northern Railroad, 50 meters north of mile pole 223 and 12 meters east of the track; 
an iron post, marked 92 S. A. 695 feet. 

T 6-In Guadalupe County, Tex., about 4 miles southeast of New Braunfels on the 
New Braunfels-Seguin highway, about IO meters east from the center of the road, in 
the northwest corner of the front yard of Gottfried Janer, r meter from both the north 
and west yard fences; a stone post. (Note, p. 442. ) 

Seguin West Base 8-6~ miles from New Braunfels, Coli1al Cozml)1, Tex., r roo 
meters west of the Seguin-New Braunfels road and about 400 meters east of Guadalupe 
River, on a small hill covered with scattering mesquite brush, on the land of Henry 
Steinman. The base ·monument is a limestone block set in concrete and carrying 
on its top surface a bronze station mark, 80 millimeters in diameter, with an inner 
circle, countersunk, 37 millimeters in diameter, and the letters U. S. C. & G. S. cast ou 
the space between the inner and outer circles. The center of the inner circle is the 
bench mark. 

Seguin East Base 8-Near Seguin, Guadalupe County, Tex., about 2 miles north
west of Von Beckman's store and gin, 1 050 meters east of the main road between Van 
Beckman's and New Braunfels, on the land of Henry Soefje, at the western edge of the 
live oak timber. The monument and mark are similar to those at Seguin West Base 8. 

0 6-1.35 miles east of NewBra1t1ifcls, Comal Cozm!J', Tex., in the top of the north
east limestone pier of the bridge of the International and Great Northern Railroad, over 
Guadalupe River; the bottom of a square hole, unlettered, 0.2 meter from the east 
edge and o. 6 meter from the north edge of the pier. 

638 Comal.-A United States Geological Survey bench mark near New Bra1t1i/els, 
Comal County, Tex., on the International and Great Northern Railroad· bridge over 
Comal Dry Creek, in the top of the north end of the east rock pier; a copper bolt, 
marked 638 feet. 

P6-New BraU?ifcls, Comal County, Tex., on the Opera House (of yellow brick) 
owned by 'Lonis and Otto Seekatz, about I .4 meters from the sidewalk, at the base of 
the window just to the left of the entrance on San Antonio street; a horizontal mark in 

us 
the face of a copper bolt marked e 

BM 
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~-New Braunfels, Comal County, Tex., in the Comal County prison, at the left 
of the entrance to the building (of limestone), in the face of the square corner limestone 
pillar, about r.5 meters above the sidewalk; a horizontal mark in the face of a copper 

us 
bolt marked e . 

BM 
R 6-New Braunfels, Comal County, Tex., in the square park at the intersection of 

San Antonio and Seguin streets, in the northwest part, about 8 meters west of the 
center line of San Antonio street, and 20 meters north of the center line of Seguin 
street; a stone post. (Note, p. 442.) 

S 6-New Brau11Jels, Comal County, Tex., in the court-house (of limestone), in the 
top of the low limestone wall, top-dressed, at the right of the steps leading to the side 
entrance on San Antonio street; the bottom of a square hole, 3 centimeters square and 

USC 
o.6 centimeter deep,. lettered D 

&GS 
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A TEST OF A TRANSIT MICROMETER. 

By JOHN F. HAYFORD, 

Inspector of Geodetic Work; Assistant, Coast and Geodetic Survey. 

THEORY OF THE TRANSIT MICROMETER. 

The transit micrometer* is a form of n;gistering micrometer placed with its movable. 
line in the focal plane of an astronomic transit, and at right angles with the direction 
of the motion of the image of a star which is being observed as it crosses the meridian. 
Certain contact points on the micrometer head serve to make or break an electric circuit 
as th~y pass a fixed contact spring, and they record upon a chronograph the instant at 
which the micrometer head, and, therefore, the moving micrometer line, reached each 
of the positions corresponding to the contact point. 

The movement necessary to make the micrometer line follow a star image is given 
to the micrometer head either by the hand of the observer, by clockwork, or by an 
electric motor. · . 

The purp0se of the transit micrometer is to furnish a means of determining time, 
that is, clock errors, which shall be sensibly free from any personal equation on the part 
of the observer. 

The process of observing consists simply in bisecting the star image and in keeping 
it bisected continuously as it moves across the field of vision. The record made upon 
the chronograph is similar to that which would appear there if a series of fixed lines 
were in the focal plane of the telescope, and the observer recorded the instant of transit 
of a star image across each line as seen by him by operating an electric key in the chro
nograph circuit. The computation is, with a possible exception in some minor details, 
made exactly as if the chronograph record had been produced by the use of fixed lines 
and a key. 

The mental process of the observer is widely different in the two cases. In the first 
case he attempts to obsenie and record the particular instant of the transit of a star 
image across a certain fixed line. 'l'he result as recorded upon the chronograph sheet 
depends upon the rapidity of perception and action of the observer. In the other case 
the time element does not enter directly into the mental process of the observer. He is 
not trying to note the particular instant at which any7vent occurs. He is intent simply 

* The expression transit micrometer is preferred over the expression registering micrometer for the 
reason that it is more definite. There is a registering micrometer made by the Repsolds which is used 
to record repeated pointings made on a star, as it crosses the meridian, to determine its declination. 

455 



COAST AND GEODETIC SURVEY REPORT, 1904. 

upon keeping a star image bisected by a movable line which is under his control. In 
general he sees the star image at a given instant either slightly ahead of or slightly 
behind the moving line, and determines to make the line move more slowly or more 
rapidly,* so as to improve the bisection. After an interval which depends upon his 
rapidity of action, the bisection is improved, perhaps made perfect. He soon observes 
that the bisection is again imperfect and makes an attempt to improve it. This cycle 
of events, the noting that the bisection is imperfect, deciding to correct it, attempting 
to correct -it, and again observing that it is imperfect, is repeated at a rate which is 
dependent upon the rapidity of perception and of action of the observer and upon his 
temperament. His personal equtJ.tion of the kind which affects the key method of 
observation is now effective in determining the amplitude and period of the oscillation 
of the moving line forward and backward across the ~ar image, but not in fixing the 
average error in the position of the moving line. The latter is fixed mainly by a per
sonal equation of the same form as if a series of bisections of a fixed star image were 
being made. The observer may be subject to a personal equation in estimating the 

· position of the image which leads him to habitually place the line slightly to the right 
or to the left of the image. Such a personal equation in estimating the position of a 
stationary or slowly moving image has a much smaller effect upon the result of an 
observation of time with a transit micrometer than the personal equation in observing 
the instant of transit has upon the result of an observation of time with an electric key. t 
This is the theory of the transit micrometer. The proof of the correctness of the theory 
lies in the results which have been secured with the transit micrometer by various 
observers. 

Though it has been claimed that the accidental errors of observation have been 
reduced by the use of a transit micrometer in the place of a key, the principal claim, 
and in all cases the important claim, is that it nearly, if not quite, eliminates from the 
results the effects of all personal equation on the part of the observer, and hence, also, 
the effects of variation of the personal equation, which would otherwise be present. 

SHORT HISTORY OF THE TRANSIT MICROMETER. 

The observations of star transits by means of a movable transit line was first sug
gested in 1865 by Director Carl Braun, of Kalocsa Observatory, in Hungary, in a pub
lication entitled "Das Passagen-Mikl'ometer," 1865, Leipzig. He believed that it was 
necessary to have the movable line driven by clockwork. He failed in an attempt to 
construct a clockwork which would drive the movable line satisfactorily so as to follow 
the transits of stars of various declinations. Many years then elapsed during which, 
apparently, no attempt was made to use a transit n11crometer. 

Repsold, the well-known instrument maker, was the first to suggest in print,! in 

*If the observer with a transit micrometer driven by clockwork gives the moving line a sudden 
forward movement, or backward ;novement, superposed upon the approximately uniform motion 
given by clockwork, instead of making the mere change of speed indicated in the text, this does not 
materially alter the facts as to the mental process. 

t These statements as to personal equation made in regard to observers by the key and chrono
graph method apply with little modification to eye and ear method of observation. 

:j: "Neuer Vorschlag zur Vermeidung des personlichen Zeit-Fehlers bei Durchgangsbeobachtun
gen," in No. 2940 of the Astronomische Nachrichten. 
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1889, * that no clockwork was required, and that very good results could be secured 
with a hand-driven transit micrometer. He then constructed such a micrometer with 
which excellent results were secured. 

The Prussian Geodetic Institute made a series of tests of the Repsold transit 
micrometer in 1891, which showed that the apparent differences of the personal equation 
of the four observers who took part in the test were about one-tenth as large with the 
transit micrometer as with fixed lines and a key. The tests also showed that there are 
other well-marked advantages of the transit micrometer over other methods of observing 
star transits. 

The Prussian Geodetic Institute acqu~red two transits of the broken telescope type 
made by Bamberg, of Berlin, which were equipped with transit micrometers slightly 
modified from the Repsold design, especially as to the contact mechanism. From i 891 
to the present time the Geodetic Institute has had these instruments in use on various 
occasions on telegraphic longitude determinations. Its experience constitutes a strong 
proof that the use of the transit micrometer is effective in increasing the accuracy of 
such determinations. The latest work of this kind of which the results have been 
p11blished at the date of this writing-, is the determination in 1903 of the difference of 
longitude between Potsdam and Greenwich. 

The transit micrometer has been tried at various times in fixed observatories, and 
various opinions in regard to it have been formed. 

The consensus of opinion as published is strongly in favor of the transit micrometer 
as being effective in eliminating the effects of personal equation. 

In the United States the transit micrometer has been used continuously for several 
years at the \Vashburn Observatory at Madison, Wis. It has also been used at the 
observatory at the University of Michigan, Ann Arbor, Mich. Both of these instru
ments are hand-driven Repsold transit microm~ters. At the Philadelphia Central High 
School experiments have been made by Prof. M. B. Snyder with a t_ransit micrometer 
driven by an electric motor. 

A short summary of the literature which is the basis for the above outline of the 
history of the transit micrometer is given in the latter part of this Appendix. 

\Vhen the question of using transit micrometers in making telegraphic longitude 
observations was under consideration in the Coast and Geodetic Survey, the facts, very 
briefly outlined above, were available. While these seemed to be sufficient to leave no 
doubt that on large instruments used in fixed observatories the transit micrometer is a 
complete success, and that similarly it has proved successful when applied to longitude 
transits of the Prussian Geodetic Institute, it did not seem safe to predict the degree of 
accuracy which would be attained with transit micrometers applied to the particular 
type of transits used for longitude determinations in the Coast and Geodetic Survey. 
These transits carry a straight telescope, and therefore do not have the eye end of the 
telescope supported so rigidly as it is in the Geodetic Institute instruments, which have 
the eyepiece in the end of the horizontal axis of the telescope, and therefore quite 
near to one of the fixed points of support. The degree of stability of the eye end of 
the telescope is important with hand-driven micrometers, since the observations must be 

*Mr. F. D. Granger, Assistant, Coast and Geodetic Survey, had made the suggestion verbally in 
connection with longitude determinations in 1878; but his suggestion was not acted upon and never 
appeared in print: 
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made while the observer's .fingers are in contact with the micrometer. There were also 
various minor points on which more information was desired before placing the transit 
micrometer in regular use in longitude parties. A transit micrometer suitable for use 
on the Coast and Geodetic Survey transits was therefore designed by Mr. E.G. Fischer, 
Chief of the Instrument Di~ision of the Coast and Geodetic Survey, constructed under 
his directions, and the tests discussed in this Appendix were made. The following 
description was written by Mr. Fischer. 

Dru>CRIPTION OF TH!t HAND-DRIVEN TRANSIT MICROMXTJtR, MADE FOR COAST AND 

G1WDETic SuRvitY TRANSIT No. 2. 

Before considering the details of this micrometer. three points were determined upon 
as being essential to insure accurate and decisive action, durability, and convenience in 
reading the chronograph record made by it. 

First, it was decided that the mechanism of the slide carrying the wire should be of 
the form in whfoh the :Screw is mounted in bearings at the extreme ends of the box or 
case holding tlte sli<;le, the.-m,icrometer head being fast upon the end of the screw pro
jecting from· the box, because this insures greater stability under the side stress of the 
gears connecting the. serew with tlle hand-wheel shaft than the form usually employed 
in theodolite and ocular micrometers, in which the screw is fastened to the slide and 
therefoi:e takes part of what~ver play there may be in the latter. 

Second, it was decided that the electric recording device of the micrometer should 
be of the''make-circuit form, transmitting its records to the chronograph, which is in 
the break-circuit of the chronometer, through a relay. This permits the use of a strong . 

. <;:urreti't through the contact points of the micrometer head, and therefore a minimum of 
pres5ure upon the latter by the contact.spring. 

Third, in order that the micrometer transmit no records except those made within 
an accepted space on either side of the line of collimation and forming the observations 
of the star transits proper, aJ;l.automatic cut-out must be provided. 

Figures 1 and 2 show the micrometer with draw tube and eye end of the telescope. 
The telescope has a focal length of :us centimeters and an aperture of 77 millimeters. 
It is of the straight type, of the same general form as that shown in illustration No. I 

of Appendix 7 of the Report for 1898. 
The micrometer box or· case is 46 millim.eters .in length and 31 millimeters wide. 

Within it and near to one side is mounted the micrometer screw. Upon the latter fits, 
by a thread and cylindrical bearing,. a rectangular fra~e forming the slide, which is 31 
millimeters long and 23 millimet~rs wide .. All play or lost motion, both of the slide 
upon the screw and the screw in its beaiings, ·fa.taken up by means of a helical spring 
within the box, which, pressing from the inner end of .the box against the slide and 
through it against the screw, holds the latter firmly against the point of an adjustable 
abutting screw, without impeding its free rotary motion. Upon the slide, at right 
angles to its line of motion, is mounted the single spider thread, which is used for 
bisecting the star during its passage across the field. Two threads, parallel to the line 
of motion, about four time seconds apart, and mounted against the inner surface of the 
box, define the space within which the observations should be made. A short comb of 
five teeth, with distances equal to one turn of the screw between them,. is also provided 



No. 1. 

TRANSIT MICROMETER. VIEW 1. 



No. 2. 

TRANSIT MICROMETER. VIEW 2. 
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and indicates the four whole turns of the screw within which the observations are to be 
made. The diameter of the field of view through the Airy diagonal eyepiece, which has 
an equivalent focus of 12 millimeters, is something over 24 turns of the screw; thus 
giving a space bf fully 10 turns of the screw on each side of the four turns in the center 
of the field. 

That portion of the micrometer screw which projects through the box has the 
micrometer head fitted upon it, and secured in position by a clamp nut. The edge of 
this head, graduated at the corner nearest the box to 100 parts (g, Fig. i), also carries 
at its opposite corner a screw thread of three turns with a pitch of 1 millimeter and a 
diameter of 32 millimeters (t, Fig. 1). Sunk into the outer side of the head and fitted 
concentrically with it is a thin metallic shell, which has fitted upon it a hollow cylinder 
made of ebonite, 6 millimeters long and 26 millimeters diameter (e, Fig. 1 ). Five strips 
of platinum, omm.4 thick, and corresponding to the 12.5, 25.0, 50.0, 75.0, and 87.5 divi
sion points* of the graduation, g, are slotted into the edge of the ebonite cylinder (see 
Figs. 1 and 2) and secured in such manner as to make metallic contact with the microm
eter head proper, and, through it, with the screw, micrometer box, telescope and telescope 
pivots and the iron uprights of the transit. By releasing the clamp nut within the 
the ebonite ring the graduated head, with its thread, t, can be adjusted, in a rotary 
sense, in relation to the thread of the screw, and therefore also of the spider thread upon 
the slide.· At the same time the position of the platinum contact strips can be set to 
correspond to the zero of the graduation, g,,which latter is read by the index, z', Fig. 2. 

A small ebonite plate, p, Fig. 1, secured to the micrometer box, carries upon its 
outer end, mounted in a.suitable metal block, the contact spring, s, Fig. I. It ends in 
a piece of platjnum turned over so as to re5t radially upon the ebonite cylinder. Its 
width is 4 millimeters, and its thickness that of the contact strips, i. e., omm.4. A small 
screw, c, ·Figs. r Jµld 2, serves to adjust .the pressure of the spring upon.the cylinder. 
Against one end"ot the micrometer box is faste1ied a small bracket, upon which is cen~ 
tered a small worm ~heel, w, Fig. 1 1 gearing into the screw thread, t, of the micrometer 
head. It has 40 teeth, and moves one tooth for each turn of the micromet~r head. The 
rim of a cup-shaped cylinder, r, Fig. 1, which is secured. to this worm wheel so that it 
can be turned and clamped in any position relative .to the zero point of +:1e micrometer 
bead, has cut into it a notch with, sloping ends and of a length corresponding to four 
teeth of the worm wheel, w, or four turns of the micrometer screw. From the end of 
a lever, l, Fig. 1, mounted against the side of the micrometer box, projectt' a small steel 
pin reaching over the rim of the cylinder, r. The other end of this lever carries a small 
ivory tip, which rests upon the end of a spring, b, Fig. 1, mounted on an ebonite pl~te 
and pressing at its middle point against a platinum-tipped screw, a. Whenever the 
small steel pin of the lever, l, rests in the notch of the cylinder, r, the spring, b, is in 
contact with the screw, a, and allows the fl.9w of an electric current through the coiled 
wires, nt and n, to the contact spring, s. But when the micrometer has been turned 
two revolutions to either. side of its middle or zero position, and its motion is continued, 
the sloped ends of the notch in the cylinder, r, will engage the lever, l, and through it 
force the spring, b, away from the screw, a, thus breaking the current .. I_t will be seen, 

*On the instrument as originally made and tested there were 10 contact strips, corresponding to 
the 101 20 1 301 40, 501 6o, 70, and So division points of the graduation. 
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therefore, that this arrangement permits of the motion of the spider thread across the 
entire field \vithout transmitting records to the chronograph, except during the four 
revolutions symmetrically disposed about the line of collimation. 

Against the inner side of the micrometer head is fastened a spur wheel, k, Fig. 2, 

with 36 teeth of 48 dimetral (inch) pitch, into which gears the wheel,/, with 72 teeth, 
mounted on the hand-wheel shaft, d. This shaft is supported by arms from the microm
eter box, as can readily be seen from Fig. 2. The hand wheels have a diameter of 33 
millimeters, are 116 millimeters apart, and equidistant from the middle of the telescope, 
allowing ample space for manipulating in either position of the eyepiece. 

The pitch of the micrometer screw is about 48.4 threads per centimeter, or 123 per 
inch. In the telescope of Transit No. 2 the angular value of one revolution of the 
screw is 2.4 equatorial time seconds, nearly. As the gearing of the hand-wheel shaft 
to the micrometer screw is as 2 to r, it follows that the hands must produce rotary 
motion of one revolution in 4".8 for an equatorial star.* 

The adjustment for collimation is made by means of two nuts upon a small screw, 
x, Fig. 2, fastened to the micrometer box, which in turn is mounted by dovetail slides 
upon a short flanged cylinder, y. The latter is fixed in position by the screws, 11, 
which, when loosened, also permit of a rotary motion for adjusting the transit wire into 
the vertical. Neither of these adjustments will disturb the rather delicate relations 
between the zero of the transit wire, the contact breaks upon the micrometer head, and 
the worm wheel with its electric cut-out attachment. 

As indicated in the description of the ebonite head, with its five platinum contact 
strips, the instrument itself is used as part of the electric conductor forming the relay 
circuit. The relay of 20 ohms resistance converts the make records into break records 
in the chronometer and chronograph circuit. From the binding post, q, Fig. · 1, the 
current is carried by means of a rubber-covered wire along the telescope to and into the 
telescope axis, within the latter to an insulated metal cylinder projecting from the transit 
pivot. Each of the wye bearings of the transit has fastened to it an insulated contact 
spring, which, being connected with an insulated binding post at the foot of the instru
ment, establishes the circuit whether the telescope lies in an east or west position. 
Another binding post, screwed directly into the iron foot of the transit, affords a ready 
means for making the necessary connection to begin observations. 

THE TEST OF THE FIRST COAST AND GEODETIC SURVEY TRANSIT MICROMETER. 

The test of the transit micrometer described above was made in March, April, and 
May, 1904. The principal objects of the test were: 

( 1) To determine whether any difference of personal equation between different 
observers, or relative personal equation, exists in observations taken with the transit 
micrometer; and if so, its magnitude as compared with that ordinarily found with the 
key and chronograph. 

(2) To determine what changes, if any, should be made in this transit micrometer 
to adapt it to use by Coast and Geodetic Survey field parties in telegraphic longitude 
observations. 

*During the first half of the tests reported in this Appendix the gears were such that the dridng 
heads made one revolution in 2•.4 for an equatorial star. 
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(3) To determine how many nights of observation will be necessary to secure a 
given degree of accuracy if the transit mirometer is used. 

In a test with these objects in view it was considered desirable to make the condi
tions no more favorable to the success of the micrometer than would be encountered in 
the field. The test was made for the purpose of discovering possible defects in the 
instrument and method rather than to show what could be done under ideal conditions. 

The conditions during the test were, in the following respects, more unfavorable 
than would ordinarily be encountered in field work. \Vith one exception each observer 
concerned in the test stopped observing before securing sufficient practice to be· an 
expert with the apparatus; not one of the observers practiced at all with the instrument 
before taking part in the test; few of the observers had done any astronomic observing 
recently and were therefore out of practice, and some of them had never had any experi
ence in making astronomic observations. Each time set extended over twice the interval 
it would take in regular work, and hence the errors due to changes in the instrument, 
pier, and rate of the chronometer should be greater than in the regular work. The 
weather conditions were no better than the average in the field, the nights on which 
there was no interruption by clouds being exceptional. 

The observations were all made at the observatory on the grounds of the Coast and 
Geodetic Survey Office. They were made on 18 nights, commencing on March 15 
and ending on May 3. The total number of time sets observed was 75, some of them 
being incomplete sets. A complete set consisted of ro to r 2 stars and included one 
reversal of the horizontal axis of the instrument at about the middle of the set. 

The r6 observers who took part in the work are indicated below in five classes. 
They will be referred to hereafter in this report by initials only. 

Class l. Observers having experience in astronomic observations and sufficient 
practice within a year in handling some instrument of precision to be in good training: 
E. G. Fischer, Chief of Instrument Division, 0. B. French and C. H. Sinclair, 
Assistants. 

Class 2. Observers having no experience in astronomic observations, but having 
sufficient practice in handling some instrument of precision within a year to be in good 
training: W. H. Burger and 0. W. Ferguson, Assistants, and F. H. Sewall, Aid. 

Class 3. Observers having experience in astronomic observations, but not having 
had sufficient practice with any instrument of precision within a year to be in good 
training: F. D. Granger and \Villiam Eimbeck, Assist:.mts, C. E. Morford, Aid, and 
A. L. Baldwin, Computer. 

Class 4. Observers with little experience at any time in handling instruments 
of precision of such a nature as to be in training for this class of observations: C. R. 
Duvall, R. M. Packard, Lelia J. Harvie, Sarah Beall, and Lilian Pike, Computers. 

Class 5. An observer with experience. in astronomic observations, but with little 
practice in observing with any instrument of precision within a year. This observer, 
J. F. Hayford, had the advantage over all others in that he did about half of all the 
observing with the transit micrometer from March 15 to May 3, and had, therefore, an 
opportunity which the others did not have to become thoroughly familiar with and 
expert in the use of the transit micrometer. 

The stars observed were all selected from the Berliner J ahrbuch. In the finder list 
prepared at the beginning of the test the stars were designated by consecuth•e numbers. 
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On each night the observations were commenced as early as possible. Two 
observers, J. F. H. and one other, took alternate stars in the list, J. F. H. taking the 
odd numbers on about half of the nights and on the remaining nights the even numbers. 
The observers were forced to depart from the rule of observing alternate stars on some 
occasions on account of missed stars, or for the purpose of balancing the azimuth factors 
in a half.set. \Vhen each observer had secured observations on five or six stars, the 
horizontal axis was reversed and another half set taken and thus a complete time set 
secured for each observer. The stride level was read four times during the double set 
of ·stars. Each observer thus secured a time set of ten to twelve stars, from which the 
the errors of azimuth, collimatioq, and level could be eliminated with considerable 
accuracy by computation. The mean epochs of the two time sets were nearly the same 
and they were affected in nearly the same manner by any irregularity in the running of 
the chronometer. The difference between the two derived chronometer errors from 
such a pair of time sets was evidently due almost entirely to errors of observation and 
to relative personal equation. 

Each of such a· pair of complete time sets was computed independently of the 
other, except that the stride level readings were common to the two. In a few cases 
in which incomplete sets were secured, the collimation constant (and sometimes, also, 
the azimuth constant) was adopted from some complete set. 

The computations were made by a modified form of the field method of· reduction 
stated in Appendix 9 of the ReP<:>rt for 1896. 

PRINCIPAL DIRECT RESUL'l'S OF OBSERVATION. 

In the following tables, c is the error of collimation of the telescope as derived from 
the observations and expressed in equatorial seconds of time. The quantities a,,, and ai 
are the azimuth errors of the instrument with band west and east, respectively, expressed 
in seconds of time. .The time sets are grouped in pairs in the table to indicate which 
ones were taken simultaneously. 

TABLE I. 

Date Observers Number of Chronometer c aw stars error 

1904 s. 
Mar. 15 E.G. F. II + 0. 957 +0.016 +o. 288 

J. F. H. 5 +r.053 * 
Mar. 15 tE. G. F. II +0.957 +0.016 +o. 288 

0. B. F. IO +r. 070 * +o. 046 

Mar. 16 E.G. F. IO +1. 192 +0.075 +o. 286 
J. F. H. 12 +1.233 +0.093 +o. 223 

Mar. 16 E.G. F. IO +i.356 -t-o. II8 +0.041 
]. F. H. II +r.341 +o. n3 +0.022 

Mar. 16 0. B. F. 12 +1. 445 +0.070 +o. x58 
J. F. H. II +1.532 +o. 097 +o.o84 

* c adopted from simultaneous set by E. G. F. No reversal of telescope. 
t This line of table repeated from above. 

ae 

+0.483 
+o. 034 

+o. 483 

-o.o6o 
-0.008 

--0.040 
+0.232 

+0.003 
-0.104 



APPENDIX NO. 8. TEST OF A TRANSIT MICROMETER. 

TABLE 1-Continued. 

Number of Chronometer 
I 

Date. Observ.,rs stars error I c a,o ae 

' 
I 

1904 s. I 
Mar. 18 :g. G. F. II +1. 427 +o. 144 +o.o88 +o. 19I 

J. F. H. IO +1.430 +o. 168 +0.049 -0.024 

Mar. I8 E.G. F. II +t. 338 +o. 187 +0.035 +o. 137 
J. F. H. IO +1.36o +o. 159 +o. 142 +o. I93 

Mar. r8 0. B. F. 2 +r. 355 * 
J. F. H. 2 +t.310 * 

Mar. 19 W.H.B. 8 +1.16o +0.235 t -o. 309 
J. F. H. 9 +1. 167 +o. 223 t +o. 197 

Mar. 22 o.w.F. II +0.409 +o. 219 +0.424 +o.3II 
J. F. H. 12 +0.485 +o. 218 +0.370 +o. 303 

Mar. 22 W.H.B. JO +o. 491 +o. ::no +o. 202 +o. 317 
J. F. H. 9 +o. 509 +o. 224 -0.042 +o. 338 

Mar. 23 O.W.F. IO +o. 729 +o. 288 +o. 293 -0.386 
J. F. H. I2 +o. 751 +o. 239 +o. 197 +o.o63 

Mar. 25 C.R. D. II -0.419 +o. 250 +o. 171 +0.117 
J. F. H. 12 -o. 392 +o. 285 +o. 159 +o. 227 

Mar. 25 F. H. S. I3 -o. 487 +o. 258 +o. 368 +o.ooo 
J. F. H. 13 -0.486 +o. 275 +o. III +o. II2 

Mar. 29 C. E. M. II -2.384 +o. 192 -o. 230 +0.,320 
J. F. H. II -2.342 +o. 282 +0.120 +o. 368 

Mar. 29 C. E. M. II -2. 281 +0.316 +0.367 +o. I36 
J. F. H. II -2. 366 +o. 315 +o.o62 +o. 4II i 

The speed of the driving heads was reduced from 2.4 seconds to 4.8 seconds per turn for 
equatorial stars between March 29 and April I 

Apr. I C. H.S. II -3.453 + 0· 353 +o. 129 +o. 393 
J. F. H. II -3.357 +0.307 +o. 131 +o. 145 

Apr. l• C.H. S. II -3.449 +o. 410 -0.011 +0.053 
J. F. H. II -3. 411 +o.490 +o. 216 +0.058 

Apr. 2 A. L.B. JI -3.737 +0.418 +o. 200 +o. I25 
J. F. H. IO -3. 748 +o. 388 +o. 198 +o. 137 

Apr. 2 A.L.B. I2 -3.742 +o. 473 +0.073 +0.012 
J. F. H. 12 -3.702 +o. 472 +0.074 +0.098 

Apr. 5 C.H. S. II -4. 451 +0.459 +o. 207 +o.o81 
J. F. H. II -4. 435 +o.5II +o. 176 +o. 224 

Apr. 5 C. H.S. II -4.443 +0.478 -0.036 -0.074 
J. F. H. II -4.391 +0.426 +0.021 +o:oo8 

Apr. 5 C.H. S. II -4.516 +0.500 +o.ooo -o.oo6 
J. F. H. II -4.485 +o.48o +o. 129 +o. 127 

* c assumed +0.173 and aw assumed +o.o88, being the mean of values from preceding sets by 
E. G. F. and J. F. H. No reversal of telescope. 

t No distinction made between aw and ae. Incomplete sets. 



4?4 COAST AND GEODETIC SURVEY REPORT, 1904. 

TABI.E I-Continued. 

-----
\ Number of l Chronon1eter 

Date Observers \ stars error c a,o ae 

' ! I 

I904 I s 
Apr. 7 C.H. S. IO I -4. 790 +o. 450 -0,022 +o. I79 

]. F. H. II -4. 887 +0.426 +0.144 +o. 265 

Apr. 7 ! C.H. S. IO -4.854 +0.399 +0.071 +o. 185 
]. F. H. IO -4. 900 +o. 375 +o. 193 -j-o. 008 

Apr. 9 W.H.B. IO -3. 902 +o. 409 +o. 298 -j-0. 007 
J. F. H. IO -4. 009 +o. 472 -t-o. 344 -+-o. 435 

Apr. 9 R.M. P. IO -3.839 +o. 338 +o. 374 --o. 302 
]. F. H. IO -4.000 +o. 4I8 +o. 299 +o. 237 

'Apr. II F. D.G. II -3.628 I +o. 371 +0.532 +o. I6o 
]. F. H. 12 -3.510 I +o: 467 +o. 267 +o. 171 

Apr. II W.E. 12 -3. 49I +o. 468 +o. 278 +o. 420 
J. F. H. II -3.525 +0.470 +o. 321 -j-o. 300 

Apr. I2 E.G. F. I2 -3.496 +o. 410 +o. 227 +o.o6o 
J. F. H. II -3. 463 +o. 394 +o. 191 +0.125 

Apr. 12 E.G. F. II -3. 5I5 +0.432 +o. 165 +0.146 
]. F. H. 12 -3. 471 -j-0.488 -j-0.068 +o. 122 

Apr. 13 I w. E. 12 -3. 563 +0.497 +o. 265 +o. 336 
]. F. H. II -3.6o2 +0.456 -j-o. 160 +o. 195 

Apr. 
I 

F.D. G. 6 * -j-o, 3I6 13 I -3. 399 
]. F. H. 6 -3. 553 * -j-0.110 

Apr. 15 L. J. H. 5 -4.500 t +1.¢0 
J. F. H. IO -3. 894 +0.502 -0.022 +0.099 

Apr. 15 s. Il. 4 -3.741 t +o. 405 
?,]. F. H. IO -3. 894 +0.502 -0.022 -j-o. o99 

Apr. 15 L. P. 5 -3. 8o8 II +o. 227 
]. F. H. IO -3. 933 +o.44I +o. 349 +0.238 

Apr. 15 L. J. H. 3 -3. 392 II +o. II9 
**J. F. H. IO -3. 983 +o. 441 +o. 349 +o. 238 

)fay 3 W. H. Il. II -1.474 +o. 468 +o. 154 I +o. 125 

31 

J. F. H. II -r. 540 +o. 506 -j-o. 229 -j-o. 340 

May L. P. IO -I. 564 +o. 496 +0.081 I +o. 166 

I 
J. F. H. II -r. 546 +o. 484 +o. 062 : -j-o, 225 

-------··--

*cassumed -j-0.456 as derived from preceding set by J. F. H. No distinction made between a111 

and ae. 
t c assumed +0.502 as derived in the following set by J. F. H. No reversal of telescope. 
t c assumed -j-0.502 as in simultaneous set by J. F. H. No reversal of telescope. 
?, Values repeated from second line above. 
II c assumed -j-0.441 as derived from simultaneous set by J. F. H. No reversal of telescope. 
**Values repeated from two lines above. 
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RELATIVE PERSONAL EQUATION. 

The relative personal equation of two observers as derived from each pair of simul
taneous time sets by taking the difference of the two computed chronometer errors is 
shown below. A plus sign indicates that the observer first named observes later 
(slower) than the other. 

The probable errors of the personal equations as given in the fourth column of the 
table were derived from the residuals from the separate stars in the two time sets con
cerned. The weights as given in the last column are made inversely proportional to 
the squares of the probable errors given in the preceding column. 

TABLE II. 
--· --·· 

' ! I 

I Re~tivc I b hl Observers Date personal Pro a e Weight 
cquutiou error 

' ---·· --· -------- -----
s. s. 

E.G. F.-J. F. H. Mar. 15 -0.0¢ ±o. 029 I. 9 
E.G. F.-J. F. H. Mar. 16 -o. 041 0,047 0.7 
E. G. F.-J. F. H. Mar. 16 +0.015 0.043 0.9 
E.G. F.-J. F. H. Mar. 18 -0.003 0.053 o.6 
E.G. F.-J. F. H. Mar. 18 -o. 022 o. 037 I. 2 

E.G. F.-0. B. F. Mar. 15 -o. 113 0.035 r. 3 

0. B. F.-J. F. H. Mar. 16 -0.087 I 0,042 0.9 
0. B. F.-J. F. H. Mar. 18 +0.045 o.o66 0.4 

W. H. B.-J. F. H. Mar. 19 -0.007 0.092 0. 2 
W. H. B.-J. F. H. Mar. 22 -0.018 0.034 I. 4 

0. W. F.-J. F. H. Mar. 22 -9. 076 0.026 2.3 
0. W.F.-J. F. H. Mar. 23 --0.022 0.037 r. 2 

C.R. D.-J. F. H. Mar. 25 -0.027 o. 0,31, I. 7 

F. H.S.-J. F. H. Mar. 25 -0,001 0.036 r. 2 

I 
C. E. M.-J. F. H. Mar. 29 

I 
-0.042 0.048 o. 7 

.C. E. M.-J. F. H. Mar. 29 +0.085 ±o. 042 0.9 
I 

The speed of the driving heads was reduced from 2.4 seconds to 4.8 s~onds 
per turn for equatorial stars between Mar. 29 and Apr. l 

C.H.S. -J.F.H. Apr. l -0.096 ±o. 044 o.8 
C. H.S. -J. F. H. Apr. 1 -o. 038 0.026 2.3 
C.H.S. -J.F.H. Apr. 5 -0.016 0.034 I. 4 
C.H. S. -J. F. H. Apr. 5 -o. 052 0.042 0.9 
C.H.S. -J.F.H. Apr. 5 -o. 031 0.033 I. 5 
. C.H.S. -J.F.H . Apr. 7 +0.097 0.051 o.6 
C.H.S. -J.F.H. Apr. 7 +o. 046 0.046 o.8 

A. L. R. -J. F.H. Apr. 2 +o.orr 0.040 r. 0 
A.L.B. -J.F.H. Apr. 2 -0.040 0.017 5.5 
W. H. B.-J. F. H. Apr. 9 -j-0.107 0.046 o.8 
W. H. B.-J. F. H. May 3 +o.o66 0.031 I. 6 

R. 1\:1; P.- ]. F. H. Apr. 9 +o. 161 0.068 0.3 

W.E. -J.F.H. Apr. l[ +0.034 0.049 o. 7 
W.E. -J.F.H. Apr. 13 \-0.039 ±0.032 l. 6 

I 
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TABLE II-Continued. 

Relative Probable Observers Date personal 
equation error 

s. s. 
F. D. G.-J. F. H. Apr. JI -o. IJ8 ±0.036 
F. D. G.-J. F. H. Apr. 13 +0.154 0.074 

E.G. F.-J.F.H. Apr. 12 -0.036 0.039 
E. G. F.-J. F. H. Apr. 12 -0.044 0.036 

L. J. H.-J. F. H. Apr. 15 -o.5o6 0.200 
L. J. H.-J. F. H. Apr. 15 +0.591 o. 172 

S.B. -J.F.H. Apr. 15 +o. 153 0.1¢ 

L.P. -J.F.H. Apr. 15 +o. 175 0.022 
L.P. -J.F.H. May 3 -0.018 ±0.030 

Weight 

I. 2 
0.3 

I. I 
I. 2 

0.04 
0.05 

0.04 

3.~ 
I. 

There are 39 determinations in all of the relative personal equation. 
In 22 cases out of 39 the derived value of the relative personal equation from a 

pair of time sets is less than o•.05 and there are but 9 cases in which it is greater 
than o".10. 

It is evident that the derived values of the relative personal equation are so small 
that it is necessary to examine the evidence carefully to determine whether they are 
real values or simply the result of accidental errors of observation. If they are the 
latter, that is, merely residuals, it should be expected from the theory of errors that in 
about 19 cases out of 39 the derived value of the relative personal equation should be 
less than its computed probable error. The table sh.o"'s 18 such cases. Similarly in 
not more than one case out of 39 should the derived value be greater than 3~ times its 
computed probable error, if the values are residuals only. The table shows but one 
such case. Apparently, therefore, the relative personal equation of each pair of 
observers was so small as to be almost, if not entirely, concealed by the accidental errors. 

The different values of the relative personal equation for each pair of observers 
being combine&_according to the relative weights shown in Table II, the values in Table 
III are found. The probable errors here given correspond to these weights and there
fore depend upon the residuals of the separate stars in the time sets. 
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TABLE III. 

Number of Relative i 
Probable Observers detern1ina- personal I error tions equation 

i ---·-·--
s. i s. 

E.G.F. -J.F.H. 7 -o. 041 I ±0.015 
E.G. F. -·O. B. F. I -o. II3 

I 
0.035 

O.B.F. -J.F.H. 2 -0.046 0.035 
W.H.B.-J.F.H. 4 +o. 041 0.020 
0. W. F. -J. F. H. 2 -0.058 0,02! 
C.R. D. -J. F. H. I -0.027 0.031 
F.H.S. -J.F.H. I --o. 001 0.036 
C.E.M. -J.F.H. 2 +0.029 0.032 
C.H.S. -J.F.H. 7 -0.022 0.014 
A.L.B. -J.F.H. 2 -o. 032 0.016 
R. M. P. -J. F. H. I +o. 161 o.o68 
W.E. -J.F.H. 2 +0.037 0.026 
F.D.G. -J.F.H. 2 -o.o64 0.032 
r,.J. H. -J.F.H. 2' +o. 103 o. 133 
S.B. -J.F.H. I -o. 153 o. 196 
L.P. -J.F.H. 2 +o. 107 

I 
±0.018 

It may seem that in combining different determinations of the relative personal 
equation for a given pair of observers the weights should be made equal, upon the sup
position that the variation in relative personal equation from set to set of time observa
tions is greaterthan the uneliminated effects of accidental errors in each set. Accord
ingly, Table IV has been made upon this basis. The probable errors M given in 
this table are computed from the residuals of the different determinations from the 
mean for that pair of observers, with the exception of the values, given in parentheses, 
corresponding to single determinations, which are merely repeated from Table III. 

TABLit IV. 

Number of Relative Prohabl<o Obs<orvers det<ormina- personal error tions equation 

s. s. 
E. G. F. -J. F. H. 7 -0.032 ±0.009 
E. G. F. -0. B. F. I -o. 113 (0.035) 
0. B. F. -J. H.F. 2 -o. 021 0.045 
W. H. B.-J. F. H. 4 +0.037 0,020 
O. W. F.-J. F. H. 2 -0.049 0.018 
C. R. D. -J. F. H. I -0.027 ~o. 031~ 
F. H. S. -J. F. H. I -0.001 0.036 
C. E. M.-J. F. H. 2 +0.021 0,043 
C. H. S. -J. F. H. 7 -o. 013 0.016 
A. L. B. -J. F. H. 2 -0.014 0.017 
R. M. P. -J. F. H. I +o. 161 (o.o68) 
W.E. -J. F.H. 2 +o. 036 0.002 
F. D. G. -J. F. H, 2 +o. OI8 0.092 
L.J. H. -J.F.H. 2 +0 .. 042 0.370 
S. B. -J. F.H. I +o. 153 (0.196) 
L. P. -J.F. H. 2 +o.o8o ! 

±0.065 

--· 

The same tests as were applied to Table II may be applied to Tables III and IV to 
detem1ine whether the values in the third column represent relative personal equations, 
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or are merely residuals resulting from accidental errors. In Table III there are 5, and 
in Table IV, 9, out of 16 cases in which the value in the third column is less than its 
computed probable error. This corresponds fairly well with the number, 8 in each case, 
which should be expected if these values were entirely due to accidental errors. There 
is but one case in Table III and two in Table IV in which the value in the third column 
exceeds 3~ times its probable error, as shown in the fourth column. This is a slight 
indication that the values in the third column are relative personal equations rather than 
residuals. 

It is a curfous fact, for which no explanation is apparent, that there is no value in 
the third column of Table IV ·which is larger than the corresponding value in Table III. 

The relative personal equation of J. F. H., as compared with the mean of the 15 
other observers in,·olved in the test, has been computed in three different ways: First, by 
taking the weighted mean of the 15 values involving J. F. H. in Table III, with 
weights depending upon the probable errors there shown; 'second, by taking the 
weighted mean of the values in Table IV, with weights proportional•to the number of 
determinations as shown in column 2; third, by taking the indiscriminate mean of the 
values in Table IV. The three values thus obtained are respectively: 

Mean observer-J. F. H. 
" " -J. F. H. 
" " -J. F. H. 

= -o".004 
= + .009 
= + .026 

±o".006 
± .009 
± .Oil 

It is th~refore uncertain whether there is a relative personal equation between the 
mean observer and J. F. H. 

The conclusion from Tables II, III, and IV must be that the relative personal 
equation between two observers with a transit micrometer is so small as to be masked 
by the accidental errors of observation, and that it is probably less in every case than 
o•.050. 

Two interesting contrasts may be shown between the values of the relative personal 
equation here derived from observations with the transit micrometer and those which 
have resulted from longitude observations with a key and chronograph. 

On pages 212-245 of Appendix 2 of the Coast and Geodetic Survey Report for 
1897, "Telegraphic Longitude Net of the United States," there are shown 59 values 
of the relative personal equation derived from observations in the field, excluding 
European C6nnections and certain cases in which the relative personal equation was 
determined 'in some unusual way. These 59 values involved 10 different observers. 
Each value is, in general, derived from ten nights of observation, and a total of twenty 
time sets by each observer, and is subject to a probable error of only from ±o".003 to 
±o".020. There are but 16 out of these 59 values less than o".050; whereas, Table III 
shows 9 out of 16 values smaller than this limit.* Similarly there are 41 out of these 
59 values greater than o".100; whereas Table III shows but 4 values out ·of 16 greater 
than this limit. Moreover, of these four values, three involved observers having no 
previous experience in this class of observations, and not one of the four is based on as 
much as two complete time sets by each observer. 

*The contrast is still greater if Table IV is used. 
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In June, 1896, the relative personal equation C. H. S.-J. F. H. was determined 
at \Vashington with a key, using the half-transit method on two nights and on the 
remaining night by simultaneous time sets with two instruments. It was found to be 

C.H. S.-J. F. H.=+ o".238 ± o".007. 

In this test with the transit micrometer the relative personal equation of the same 
observers (see Table III) is found to be 

C.H. S.-J; F. H.=- o".022 ± o".014. 

ACCURACY AS SHOWN BY THE RESIDUALS IN EACH TI:ME SET. 

To secure a standard with which to compare the transit micrometer observations, 
19 primary longitudes observed by Coast and Geodetic Survey parties in the interval 
1895-1899 were examined. Nine observers, nearly all having long experience in this 
class of work, were concerned in these 19 determinations. They represent, therefore, 
average work with the key by expert observers. 

The probable error of a single observation of an equatorial star (weight unity)* 
was computed in each of these longitude determinations from the residuals of each star 
from the mean for the time set. Its minimum value for any group of ten nights was 
±o".022, its maximum value ±o".072, and its mean value ±o".036. If these values be 
reduced in accordance with the scale of weights to correspond to the average probable 
error of a single observation of a star, for stars of such declinations as were used in the 
test of the transit micrometer, thus making a direct comparison possible with the 
values given below in Table V, they become ±o".025 for the minimum, ±o".082 for 
the maximum, and ±o".041 for the mean. 

In the transit micrometer test all stars were givei1 equal weight regardless of their 
declination. The average value of the probable error of a single observation of a star 
for each obser.ver with the transit micrometer, is given below in Table V for comparison 
with the average ±o".041, shown above for key observations. 

*For the scale of weights used, see p. 291 of Appendix 7 of the C. & G. S. Report for 18g8, 
"Determination of Time, Longitude, Latitude, and Azimuili." 
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TABLE v.-Average values of E,=probable error of a s£ngle observaHon of a star. 

------
With rapid speed of driving heads With slow speed of driving heads 

Observer i Numberof I A Observer Number of Average ~1 · time sets verage ~1 time sets I 
---\ 

I s. s. 
J. F. H. 15 ±o.o66 J. F. H. 21 ±o.o63 
E.G. F. 5 0.078 C.H. S. 7 0.083 
0. B. F. 3 0.075 A. L.B. 2 0.064 

W.H.B. 2 o. 138 W.H.B. 2 o.o82 
0. W. F. 2 

I 
o.o69 R.M. P. I o. 162 

C.R. D. l I o. 057 W.E. 2 o.o89 
F. H. S. l o.o65 F. D. G. 2 o. I08 
C. E. M. 2 ±o. ro4 E. G.F. 2 0.070 

I L. J. H. l o.3o6 
S. B. I 0.321 
L. P. 2 ±0.046 

Average for all except J. F. H., Average for all excefc_t J. F. H., =±o'.o85 =o•.113. Average or all except, 
J. F. H., after rejecting L. J. H. 
and S. B., =o•.083 

'----------------~------- ------·----- ·--

For the one observer, J. F. H., who had sufficient continuous practice with the transit 
micrometer to become somewhat expert with it, the probable error of a single observa
tion is about 50 per cent greater than for experts with the key. For the remaining 
observers, without any previous practice with the transit micrometer, and, as a rule, 
observing not more than two sets, it is about 100 per cent greater than for experts with 
the key. These comparisons refer to accidental errors only. 

Table V indicates that the change in the speed of the driving heads had almost no 
effect on the accuracy of the observations. 

With a key and with portable transits of the size used in the primary longitude 
determinations in the Coast and Geodetic Survey, the slow moving stars of large declina
tion are observed with much less accuracy than the equatorial stars. (See weight table, 
p. 29 r, Report for 1898, already referred to.) The errors for stars of declination 60° 
are supposed to be about 41 per cent larger, and for stars of declination 70° about 
85 per cent larger than for equatorial stars. To determine whether such a relation 
holds for the transit micrometer Table VI was compiled, using all the ol:iservations 
made during the test. The computations were made in such a way that the residuals 
represent the relative accuracy correctly, with the exception of a few stars of very large 
declination, all stars having been given equal weight and, in general, all having been 
!lsed, as time stars. 
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TABLE VI. 

---··-·-

Mean residuals, without regard to sign 

Mean value of 
D<:cl!nation for group sec a (~com- J. F. H. with J. F.H. with Other Other 

matlon factor) observers with observers with 
~id speed of slow speed of raJ'id speed of slow speed of d ving heads driving heads d ving heads driving heads 

' 0 0 s s s I s 
2 to-22 I. 0 0.03 0.04 0.09 0.07 
3 to. 16 I. 0 0.03 0,04 0.08 o.o8 

17 to 29 I. I 0.04 0.04 o.o8 0.09 
30 to 38 1.2 0.05 o.o6 0.07 0.08 
39 to 46 I. 3 0.07 0.07 0.09 O. II 
47 to 52 I. 5 0, IO 0.07 0.08 0, IO 
53 to 57 I. 7 *o. 17 o.o8 o. 12 o.o6 
58 to 64 2. I 0.08 o.~ O. II o.~ 
65 or more 3.4 O. II 0,0 o. 12 o. 

Table VI indicates that the residuals of J. F. H. with the transit micrometer for 
slow-moving stars are much larger in proportion to those for equatorial star:; than for 
'key observations. Thus, for stars of declination about 60° the residuals are fully double 
those for equatorial stars, whereas for key observations they would be but 50 per cent 
greater. On the other hand, for all other observers than J. F. H. with the transit 
micrometer, the accuracy is much more nearly the same for stars of different declinations 
than for key observations. 

l<:ach observer who was just beginning to use the transit micrometer usually showed 
by his remarks, and by the character of the record on the chronograph sheet, that he had 
some difficulty in keeping up a steady motion of the driving heads when observing an 
equatorial star, even after the change to the slow.er speed of the driving heads had been 
made. On the other hand, little difficulty of this kind was encountered after one became 
expert in the manipulation of the driving heads. This is the apparent explanation of the 
relatively large errors for equatorial stars of the other observers as compared withJ. F. H. 

For J. F. H. and with the slower speed of the driving heads the relative magni
tudes of the residuals for different declinations correspond closely to a constant angular 
error, as shown in Table VII. 

*There was but one residual in this group; hence this value is uncertain. 
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Declination for group 

2 to -22 
3 to 16 

17 to 29 
30 to 38 
39 to 46 
47 to 52 
53 to 57 
58 to 6+ 
65 or more 

TABLE VII. 

Mean' residual i 

~lean value of w~thou/ reg~.!"d to' The same ex
sec ll=collima· 51f' 1

• or J. · H. pressed as nn 
lion factor ~f~~~f17 56::3 ! angular error 

(See Tah'fe VI) · 

s 
I. 0 0.04 o.6 
I. 0 0.04 o.6 
I. I 0.04 0.5 
I. 2 0.06 o.R 
I. 3 0.07 o.8 
I. 5 0.07 o. 7 
I. 7 o.o8 0.7 
2. I 0.09 i o.6 
3.4 *0.08 *0.4 

-··-----

The fourth column was computed from the third by multiplying each value by the 

<1uantit,· ~' in which·sec o was taken from the second column. • t;ecu · 

The residuals were also carefully examined to see whether there was any tendency 
for stars near to and 011 opposite sides of the zenith to have opposite signs upon the 
average for a gh·en observer. No such tendency could he found. Such a tendency 
would be produced by the habit on the part.of an observer of placing the line slightly 
to the right or to the left of the star image as seen by him. 

ACCURACY OF BISECTION OF STAR WITH MOVING LINE. 

In making the computation of the time of transit of each star, the first step was.to 
add together the times of the first and thirty-sixth, second and thirty-fifth, third and 
thirty-third, etc., records made on the chronograph sheets for that star. As each of 
these pairs of lines are symmetrically placed with reference to the mean of all, the 
eighteen sums will differ from each other by amounts depending upon the accidental 
errors in keeping the star bisected. The theoretically best method of measuring these 
accidental errors is to compute the probable error of a single such sum by taking out 
the residuals of each of the eighteen sums from the mean, squaring them, etc. This 
would involve more computation than is necessary for the present purpose. Accord
ingly the following much simpler method of reaching the same result was used: 

On each star the number of sums of pairs that agreed within o". r with the mean was 
counted. Call this number N. The separate records on the chronograph sheet were 
read to the nearest one-tenth of a second. The mean of the eighteen sums, or mean 
time of transit for each star, was taken to the nearest one-hundredth of a second. If 
this mean were 1s•.17, N= r 3 would mean that 13 out of the r 8 sums were either r 8. r 
or 18.2. Evidently the greater the value of N the greater the_ accuracy. 

Table VIII serves to indicate the relative accuracy of bisections by different observers 
and for the two speeds of the driving heads. Table IX serves to make the comparison 
for the t"wo speeds used and also for different declinations. 

*The method of computation was such as to tend to make this computed mean residual too small. 
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TABLE VIII. 

With rapid speed of driving heads With slow speed of driving heads 

Observer Number Mean value Observer Number Mean ''alue 
stars ofN stars of N 

J. F. H. ISO. JI. 2 J. F. H. 223 II. 7 
E.G. F. 53 10.6 C. H.S. 75 8.8 
0. B. F. 24 9.0 A. L.B. 23 9· I 
W.H.B. 18 7. 2 W.H.B. 21 6.9 
O.W.F. 21 10.0 R.M.P. IO 7. 2 
C. R.D. II 8.2 W.E. . 24 7. 4 
F. H.S. 13 7.8 I F. D.G. 17 9.0 
C. E. M. 22 8.3 E.G.F. 23 10.5 

L. J. H. 8 5.5 
S. B. 4 5.0 

Mean for all except.J. F. H. 9. 2 L. P. 15 6.3 
Mean for all, including J. F. H. 10. 2 

Mean for all except J. F. H. 8. 1 
Mean for all except J. F. H. and 

after rejecting L. J; H. and 
S. B. · 8.3 

Mean for all, including J. F. H. 9. 9 

For the observer with much practice, J. F. H., the accuracy is slightly greater 
w1th the slow' speed for the driving heads, but for the remaining observers the reverse 
is true. The means for all, including }: F. H., indicate that the change of speed had 
practically no effect on the accuracy. 

The table shows clearly the advantage of practice with the instrument. 

TABLE IX. 

Mean values of N 
Mean colllma-

Declination for group lion factor Other observ- ouier observ-(sec 8) for ]. F. H. with J. F. H. with ers with ra~id ers with slow irroup. radld speed of slow speed of speed of dr v· speed of drlv-d ving heads driving heads ing heads Ing heads 

0 0 

I 
2 to -22 I. O 12. 9 13.4 Io.3 8.5 
3 to 16 I. 0 13. I 13.0 8.5 9.9 

17 to ;g I. I JI. 7 12. 8 Io.6 §·2 
30 to I. 2 12.3 12. 2 9. 2 . 7 
39 to 46 I. 3 10.2 II. 6 9.7 8.3 
47 to 52 I. 5 10.6 .12. 0 8. 2 6.7 
53 to 57 I. 7 9.0 8. I 10.0 

I 
6.6 

58 to 64 2. I . 9. 3 Io.9 8.2 7. 7 
65 or more 3.4 6.4 6. 7 5.7 5.4 

Table IX indicates that for J. F. H. the slight apparent gain in accuracy when 
the speed of the driving heads was decreased was not confined to equatorial stars. 
The gain is. so slight, however, that it may be due simply to the eff~t of practice. 
Similarly, the apparent loss in accuracy for other observers is not confined either to 
slow-moving stars or to equatorial stars. It may be due simply to a difference in 
observers. 

10277---04-33 
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The mean values for N may be converted into probable errors by the use of the 
table on page 435 of Wright's Adjustment of Observations. The fourth column of 
Table IX has been so converted and is shown in Table X below. There is placed 
beside it in the fourth column of Table X the probable error reduced to angular 

measure by multiplying it by the factor ~- The fourth column indicates that for all 
sec u 

stars of declination less than 58° the bisections were about equally accurate, expressed 
in angular measure, but that for the extremely slow stars of greater declination included 
in the last two groups the bisections are considerably more accurate. By inspection of 
Table IX, it may be seen that ·this statement also holds good for J. F. H. with the 
rapid speed of the driving heads. 

TABLE X. 

I 
For J. F. H. with slow speed of driving heads i 

I · The same ex-
Mean colli- , b 1 . pressed as an 

Declination for group 
matiott fac- 1 ro ab e error angular error 

tor for of the sum of I 
group two records 

-----
0 0 s . I II 

2 to -22 I. 0 ±.o6 i ±0.9 
3 to 16 I. 0 .o6 0.9 

17 to 29 I. I .o6 o.8 
30 to 38 I. 2 .07 o.§ 
39 to 46 I. 3 . 07 o. 
47 to 52 I. 5 . 07 0.7 
53 to 57 I. 7 . II I. 0 
58 to 64 2. I .o8 

I 
o.6 

65 or more 3.4 ±.14 ±o.6 

The mean value of N for J. F. H. with the slow speed of the driving heads is 11. 7. 
This corresponds to the probable error of ±o".07 I for the sum of two records. For 
comparison with key observations the computation was made in precisely the same 
manner for the forty time sets involved in the determination of the difference of longi
tude of Charleston and Key West in 1896 by Assistants Sinclair and Putnam, two 
observers of long experience. The probable error of the sum of two records was for 
that work found to be ±o".077. This is in substantial agreement with thevalue shown 
above, ±o".07 I for the transit micrometer. 

MOST FAVORABLE SP:itED OF DRIVING HRADS. 

If the speed of the driving heads is made very great, the observer will have diffi
culty in making the moving line keep up with the moving star image, and this difficulty 
will be greater for the fast-moving equatorial stars· than for others. The errors of 
bisection expressed in angular measure should be considerably greater for equatorial 
stars than for slow-moving stars under these conditions. 

If the speed of the driving heads is made very small, there will be no difficulty in 
keeping up with any star. A given error in the position of the driving heads at any 
instant will produce, however, a much larger displacement of the movable line in the 
field of vie~ than when the driving heads are geared to move much more rapidly. 
The consequent difficulty in placing the movable line in a desired position will tend to 
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produce errors of bisection of about the same magnitude expressed in angular measure 
for all declinations,* and the size of the errors will tend to increase as the speed of the 
driving heads is made slower. 

In selecting the speed of the driving heads to be used the problem is, then, to avoid 
difficulty in keeping up with equatorial stars on the one hand and to avoid losing accu
rate control of the moving line for stars of any declination on the other hand. 

Tables V, VI, and VIII indicate clearly that the change from the relatively rapid 
speed of 2.4 seconds per revolution to the much slower speed of 4.8 seconds per revolu
tion has produced a change in the average accuracy which is almost too small to be 
appreciable. This indicates that the slower speed is not too slow. 

It is somewhat surprising that so large a change in speed of the driving heads bas 
so little effect on the accuracy. 

Table VII indicates that the errors expressed in angular measure are no larger for 
the fast than for the slow stars with the slower of the two speeds for the driving heads, 
and that therefore this speed of the driving heads is not too fast. Table X confirms 
this conclusion if the last two groups be ignored .. If these be considered, Table X 
furnishes a slight indication that the speed of the driving heads should be still further 
decreased. 

The proper conclusion from this test, taken as a whole, seems to be that the speed 
of the_ driving heads most favorable to accuracy is slig}ltly slower than one revolution 
in 4.8 seconds for equatorial stars, and that a considerable departure on either side 
from this speed would have very little effect on the accuracy. 

NUMBER OF RECORDS NEEDED FOR EACH STAR. 

If one secures a large number of records on the chronograph for a star, the process 
of taking the mean eliminates to a considerable extent the effect of the accidental errors 
in the separate records, but has no effect on the errors 'which !ire common to all the 
records. The decision as to the number of records necessary per star depends, therefore, 
primarily on the relative magnitude of these two classes of errors. 

The probable error of the sum of two records for J. F. H. for the slower speed is 
±o".07r. (Seep. 474.) The probable error of the mean of the thirty-six records for any 
star as computed from this is ±o".008. The probable error of this mean as computed 
from the residuals of each star from the mean of the set, and thus including angular 
errors which are common to all the records for the given star, is ±o".063. Evidently 
the number of records may be reduced far below thirty-six with but little decrease in the 
accuracy of the work. If twenty records are used the probable error of the mean as 
computed by the first of the above methods will be ±o".or r, and if ten are used, ±o".016. 
This indicates that ten lines only might be used with little decrease in average 
accuracy. Under very unfavorable conditions, with faint or plurred star images, or 
very irregular refraction, with ten lines, the uueliminated errors of bisection might con
tribute the major portion of the errors in the mean, although under average conditions 
they would not. The writer believes that for this reason, and for others which can not 
be briefly explained, it is best to use twenty records per star. 

*The effect uf variable refraction and of instability of instrument will also tend to produce errors 
of the sanie angular magnitude regardless of the declination. 
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INFLUENCE OF ERRORS OF RIGHT AsCENSION ON THE RESULTS OF THE TEST. 

The right ascensions of the stars used in the test were all taken from the Berliner 
Jahrbuch, and are therefore all well determined. The total number of different stars 
used was large, about one hundred. 

Moreover, the effect of the errors of right ascension upon the computed relative 
personal equation was eliminated, in part at least, by the practice of having the observer, 
J. F. H., who observed every night, take, as a rule, stars of even numbers on the list on 
about half of the nights and stars of odd numbers on the remaining nights. The effect 
of errors of right ascension upon the results is therefore almost entirely eliminated from 
the mean values of the relative personal equation for those pairs of observers who 
observed on several nights. In general, the errors of right ascension have increased 
the range of the results, but have had little effect upon the means. 

For every star for which the residual on any night was as great as o•. 15, the resi
duals for all the nights were tabulated. There were fifty-one such stars. The mean 
~esidual for each star, which is the best value which can be derived from these observa
tions for the error of right ascension for that star, was less than o". 10 in a.ll but nine 
cases out of fifty-one. There was but one case in which it was greater than o".13. ·In 
this case it was o". 16. A careful examination indicates that, except for these nine stars 
out of about one hundred, the errors in right ascension were too small to be detected 
with certainty by the observations. The greatest error in the relative personal equa
tion derived from a pair of time sets due to errors of right ascension is probably not 
greater than o".02, and in most cases is probably much less than this. 

It is a curious fact, of which no explanation is apparent, that eight of the nine 
stars for which a small error in right ascension was detected were stars which culminate 
north of the zenith. 

NUMBER OF NIGHTS NECESSARY TO SECURE THR REQWRRD DRGRRR OF ACCURACY. 

Let it be assumed that the required degree of accuracy is that which was obtained 
in the primary longitude net of the United States. In other words, let it be assumed 
that the future work is to be done with such accuracy that, if a longitude net were 
developed and adjusted, the corrections to the separate lines found to· be necessary would 
be of the same magnitude as those in the present primary longitude>net. 

The results of the test indicate that the possible relative persona:! equation between 
two .observers which is liable to be encountered is so small that its possible variation 
·may be left out of consideration. The test also indicates that there is no appreciable 
systematic error of any kind involved in transit micrometer observations. The problem 
in hand is, then, to determine how many nights of observation are necessary to reduce 
the effects of accidental errors to the required limit. 

From the fact set forth on pages 469 and 470, that the probable error of obser
vation of a single star is from 50 pel'. cent to 100 per cent greater with the transit 
micrometer than with the key, it might appear that from twenty to forty nights of 
observation would be necessary with the transit micrometer to secure the same degree 
of accuracy as was obtained from ten nights of observation with a key in the telegraphic 
longitude net. . · 
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Such a conclusion is deceptive for the reason that in observations with the key, 
though the accidental errors are quickly reduced to within very narrow limits, there 
remajns in the mean result for a night, and even in the mean result for a pair of sta
tions, constant errors, which are apparently independent of the accidental errors and are 
much larger than the accidental errors. These constant errors are supposed to be 
mainly due to variations in the relative personal equation of the two observers. 

Thus* in observations with a key the probable error in the result for a night 
arising from accidental errors of observation, and therefore capable of further elimination 
by increased observation, is upon the average ±01.013; while the error peculiar to each 
night, and therefore not capable of elimination by increasing the number of observations 
per night, is ±01.022; and the constant error peculiar to each longitude determination, 
and· not capable of elimination by increasing the number of nights per station, is ±o".022. 
These are values derived from the adjustment of the telegraphic longitude net of the 
United States. It thus appears that the principal errors in the mean of ten nights of 
observation with a key are of the constant kind. The accidental errors are relatively 
insignificant. The probable error of the difference of° longitude of two stations con
nected by a land line and determined by ten nights of observation, including all three 
of the above classes of errors, is for the primary longitude.net ±o".025. 

If it be assumed that the errors in a transit micrometer determination of difference of 
longitude are all of the accidental class, the result from a single night's observations of 20 
to 24 stars at each station will have a probable error of from ±o".020 to :::1;:0".027. The 
value of ±o".020 is based upon the probable error of ±o".o63, derived from observations 
by J. F. H. with the slow speed of the driving heads; and the probable error ± 1.027 
is based upon the probable error ±o".084 for a singl~ observation for other qbservers 
than J. F. H. and with both speeds of the driving heads. On this basis it then appears 
that a pair of observers, either experienced or inexperien5=ed, would secure as accurate 
a determination of, a difference of longitude from a single night of observation with a 
transit micrometer as has been obtained, as a rule, from ten nights of observation with 
a key. 

It is to be expected, however, that in regular longitude work the differen~e in 
atmospheric conditions at the two stations, the possible unknown interposition of repeat
ers in the telegraph line between stations, the irregular running of chronometers, and 
perhaps other conditions -which have not operated to influence this test of the microme
ter, may introduce additional errors ~f both the accidental and the constant class. It is 
the opinion of the writer that such additional errors will be so small that it is· safe to· 
predict that three nights of observation without exc.hange of observers will give as great 
accuracy as has been secured from ten nights of observation with the key, including an . 
exchange of observers. This is a prediction of which the truth or falsity can only be 
proved conclusively by field experience. The writer relies upon such experiense to be 
gained within the next teri years to verify the prediction. 

*See pp. 331-332 of Appendix 7 of the Report for 1898, "Determination of Time, Longitude, 
Latitude, and Azimuth." · 
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SUMMARY OF CONCLUSIONS. 

The principal conclusions from this test of the transit micrometer are: 
( 1) That the relative person::i,l equation between any two observers with the transit 

micrometer is so small as to be masked by the accidental errors of observation. This 
is equivalent to saying that it is probably less in every case than o".050, and is as a rule 
much smaller than this. The relative personal equation with a transit micrometer is 
certainly not more than one-tenth as large upon the average as with a key. This con
clusion as to the relative personal equation applies to inexperienced as well as experienced 
observers. 

(2) The speed of 4.8 seconds per revolution for the driving heads of the transit 
micrometer, for an equatorial star, is the most favorable for accuracy, or possibly a 
slightly slower speed. 

(3) Very li~tle loss in accuracy will result from reducing the number of records per 
star from 36, as in the present instrument, to 20. Such a reduction should be made to 
save time in reading the chronograph sheets. 

(4) It is predicted that three nights of observation with a transit micrometer and 
without exchange of observers will probably secure the same grade of accuracy as has 
been obtained from ten nights of observation with a key, and including an exchange of 
observers. Each night of observation is supposed to include two time sets, or 20 stars 
for each observer. 

Aside _from these conclusions the following items of information secured during the 
test are interesting and important: 

I. For a practiced observer with a transit micrometer, the total error for a star, 
includingerrors which are constant for all the records as well as the accidental errors of 
bisection, is for the slower speed of the driving heads nearly the same for stars of all 
declinations, if expressed in angular measure. This is what should be expected if the 
errors concerned are of the same nature as if the object pointed upon were stationary 
instead of being a moving star. 

2. For both the speeds used and for a practiced observer, the accidental errors of bisec
tion are nearly the same, expressed in angular measure, for stars of all declinations up 
to 58 °, and are probably somewhat l~ for stars of greater declination .. This is an indica
tion that the accidental errors of bisection are of the same nature as if the image · 
pointed upon were stationary, the conclusion being partially contradicted by the smaller 
errors for stars of declination greater than 58°. · 

3. Good observations can be secureJ at once with the transit micrometer without 
previous practice. Mo.re practice simply reduces the accidental errors by about 25 per 
cent. 

4. One incidental advantage of a transit micrometer not commented upon hereto
fore in this report is that the observations may be made much more rapidly with it than 
with a key. With a key about ten stars per hour may be observed conveniently. 
With a transit micrometer sixteen stars per hour can with equal convenience be observed. 
The list used during this test contains sixteen stars per hour. This advantage results 
from taking all the observations for an equatorial star in less than ten seconds instead 
of scattering them over an interval, for instance, 30 seconds or more, when observing 
with a key. 
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5. Each record on the chronograph is made too soon by the interval required for 
the micrometer head to turn, for that particular star, through -an angle corresponding 
to one-half th~ effective width of the contact strips on the micrometer head. The 
effective contact width was directly determined at the close of the test. The half con
tact width was found to be, expressed in time, 0 1 .010 seco. Any lost motion in the 
micrometer also tends to make the record on the chronograph occur too soon. An 
unsuccessful attempt was made to determine the lost motion. · The attempt showed 
that the lost.motion is so small that it would require special devices to measure it. 

In conclusion the writer wishes to bear testimony to the excellence of the design 
of the instrument. During the test no defects of any kind have been found, even in 
this experimental instrument. Not a single record has ever been lost from the chrono
graph sheet during the whole of the test because of failure of action of the transit 
micrometer part of the apparatus. On account of the perfect action of the cut-out 
switch, which insures that none but the required records shall appear on the chrono
graph sheet, the identification of the record on the sheets is no more difficult than for 
a key record. · 

LITERATURE OF THE TRANSIT MICROMETER. 

In the following paragraphs is shown the literature which was used in reaching the 
conclusions stated in this Appendix. These are not intended to constitute a complete 
bibliography of the subject. They are printed here simply as an indication of the 
history of the development of the transit micrometer as an instrument for use in the 
telegraphic determination of differences of longitude, The short abstract made of each 
~rticle shows simply the more important points in the article considered from this point 
of view. · 

Das Passagen-Mi'krometer, Le,:Pzig, I865, von Carl Br_aun, S. ].-This is the pub
lication referred to on page 456 as being the first suggestion of the observation of 
transits 'with a movable micrometer line. Carl Braun was th~ Director of the Kalocsa 
Observatory in Hungary. 

Neuer Vorsclzlag zur Vermeidung des personlichen Zeit-Felllers bei Durckgangs
Beobachtungen, von Dr. J. Repsold, September, I889. Published in Astronomiscke Nach
rz'cliten No. 2940, Band I2J.-In this paper Doctor Repsold describes a hand-driven 
transit micrometer constructed by him, and gives the results of certain tests. The tests 
were ma?e by the laboratory method-that is, by pointing upon a near moving mark 
instead of a star, the mark being made to record automatically its true position, and the 
whole constituting a special form of personal-equation apparatus. Two.driving heads 
were used, one for each hand. The driving heads made one revolution in 3.85 seconds .. 
The test demonstrated that no clockwork was necessary to enable an observer to keep a 
mark bisected continuously with a transit micrometer with the high degree of accuracy 
necessary to make the instrument valuable in 'observations of star transits. The largest 
personal equation developed on any of the tests is 0 1 .021 and the mean of the six tests 
gives for the personal equation of the observer 0 1 .002. 

Verkandlungen der vom I5. bis 2I. September I890 zu Freiburg I/B. abgekaltenen 
Conferenz der Permanenten Commission der Internatt'onalen Erdmessung; I890, pages 
2I, 7I.-At the meeting of the International Geodetic Association Prof. Dr. Th. 
Albrecht referred to the above paper by Doctor Repsold. He also referred to certain 
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tests upon stars, in which, with six combinations of observers, the largest relative per
sonal equation discovered with the hand-driving transit micrometer was only some 
hundredths of a second (hochtens einige hundertstel Secunden), wherea!? the maximum 
relative personal equat-i.on between the same observers with the key method of observa
tion was 0 1.32. The driving heads of this transit micrometer made one revolution in 5.8 
seconds for an equatorial star. As to accidental errors, he stated that the probable 
error of a single registration was about the same with the transjt micrometer as with 
the key. 

Ueber ei1iige Versuche von Durcligangsbeobachtungen nach dem neuen Repsold'schen 
Veifahren. Von Prof. E. Becker, Marz, I89I. Publt'shed in Astronomisclie Nachricli
ten, No. 3036, Band I27.-This paper gives the results of certain tests made with a 
Repsold hand-driven transit micrometer mounted on a transit of 2 ~ inches aperture of 
the broken telescope type. The transit was furnished with a group of five fixed lines 
on each side of the center of the field of view, the middle 36 seconds of the field being 
left clear for the use of the transit micrometer. Ten of the contacts observed with the 
transit micrometer on each star were used in the computation. Four observers took 
part in the tests, which extended over four nights. On each night the relative personal 
equations of the four observers were determined by the half-transit method with a key 
in each of the 6 possible combinations of obser\rers, using from 6 to 9 stars for each 
determination. By the '' half-transit method '' is meant that one person observed the 
transit of the star across one-half of the fixed lines in the field of view, and immediately 
afterwards another person observed the transit of the same star across the remaining 
fixed lines, or across the same lines in the reverse order, after reversing the telescope. 
On the same night each person observed from 5 to 15 other stars (usually 6) by both 
the key and the transit micrometer method, and thus determined the difference of his 
personal equations by the two methods. From the5e observations the relative personal 
equations of the observers corresponding to the transit micrometer observations as well 
as the key observations were derived. The obser\red relative personal equations for the 
six combinations of observers were as follows: 

B.-H. B.-K. n.-Z. H.-K. H.-z. I K.-z. 
I 

s. s. s. s. s. s. 
With a key 
With the transit microm-

+o. 155 +o. 255 +o. 159 +o. JOO +0 .. 004 -o.o¢ 

eter, all four nights +o.o6o +0.046 -0.002 -o. 014 -o.o6:z -0.048 
With the transit microm-

I -0.016 
eter, last two nights 
only -0.009 -0.026 -0.007 -0.017 -0.010 

I 

The values in either the second or the third line of the table are so small as to be 
possibly simple errors of observation. Increased experience apparently reduced the 
relative personal equations with the transit micrometer as the values in the third line 
are each, with one exception, smaller than the correspondfog values in the second line. 

As to accidental errors, it was shown that the mean error of a single registration 
with the transit micrometer for each of the observers, B., H., K., and Z., respeetively, 
was ±01 .107, ±01 .104, ±01.117, and ±01.122; and the mean error of observation of 
a single line with the key method was, for the four observers, respectively ±01 .084, 
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±o".086, ±o".085, and ±o".092. With both the key and the transit micrometer the 
accuracy increased from night to night with accumulated practice, but the.increase was 
greater with the transit micrometer than with the key. Professor Becker concluded .that 
with the transit micrometer the relative personal equation was either eliminated entireiy 
or reduced to a small quantity. In connection with the slightly larger accidental 
errors with the transit micrometer he called attention to the facts that the observers 
were unskilled in the use of the transit micrometer, that there was an appreciable 
increased resistance to the motion of the micrometer head at the contact points, and that 
the micrometer screw had but a single driving head. He states that the transit micro
meter is not well adapted to observations on faint stars. 

Die Anwendung des Repsold'scken Mikrometers bei Beohaclitungen im I. Vertical nack 
der Struve'schen Methode. Von C. Mlmniclzmeyer, Marz, ,I894. Published t'n Astrono
mische Nacliriclllen No. 3228, Band r35.-:--This is an account of the use of a Repsold 
ttansit micrometer upon a transit mounted in the prime vertical. The author's conclu
sions are in favor of the transit micrometer. 

Verkandlungen der vom I2. bis I8. September r893 in Genf abgekaltenen Conferenz 
der Permanenten Commission der lnternatz:onalen Erdmessung, r894, Page r77.-In 
the report of the Prussian Geodetic Institute, Helmert referred to the use of the transit 
micrometer in the determination of the differences of longitude between Ubagsberg, 
Bonn, and Gottingen, stating the fact that the personal equation was reduced to a 
much smalle~ quantity than with a key, and gave figures showing that the accidental 
errors in a single record were as small .as or smaller than with a key. 

VerOjfentlickung des KOnigl. Preussi'scken Geodiitz"scken Institutes. I895. Telegra
pMscke Liirz.genbestz."mmungen in den Jakren I890, I89I und I893.-0f the determinations 
of differences of longitude reported upon in this volume five were made with transits 
equipped with transit micrometers, namely, two independen~ determinations of the dif
ference Berlin-Potsdam in 1891 by slightly different methods, and determinations of the 
three differences between Ubagsberg, Bonn, and Gottingen in 1891. ·The two tra.nsits 
were of the broken-telescope type, made by Bamberg, of Berlin, and equipped with 
hand-driven transit micrometers, slightly modified from the Repsc;>ld design. Transit II 
had an aperture of 68 millimeters and a focal length of 87 centimeters. The corre
sponding values for Transit III were 81 millimeters and 92 centimeters, respectively. 
The driving heads made one revolution in eight seconds for an equatorial star. 

Four observers determined their relative personal equations wlth a key on three _ 
nights in August and September, 1890. The determinations were made in all six 
possible combinations, by twos, of the four observers. Six determinations were made 
on each night, or 18 in all. These same observers similarly determined their relative 
personal ~quations, using the transit micrometer, in March, 1891, on three nights, 
making 8 determinations on each night. The resulting mean values of the relative 
personal equations were:. · 

A.-B. 

I 
A.-G. A.-S. B.-G. B.-S. G.-S. 

s. s. s. s. s. s. 
With the key 
With the transit 'lllicrom-

-0.108 -0.314 -o. 184 -o. 225 -o.o86 +o. 109 

eter -0.004 -0.035 -0.027 +0.013 -0.023 -o.oo6 
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In the first determination of the difference of longitude between Berlin and Pots
dam two observers worked at each end of the line, so that each night's results depended 
upon four observers. Observations were taken on I2 nights. Three sets of I2 stars 
each were observed on each night. On each polar star one observer took one good 
revolution, or IO contacts, on the first half of the transit, and then, after reversing the 
instrument, the other observer took IO contacts. On the remaining stars in the set
time stars-each observer took 20 contacts, or two complete revolutions, one observing 
before the star reached the middle of the field and the other afterwards, without any 
reversal of the instrument between their observations. The maximum residual of any 
one of the I2 determinations of the difference of longitude from the mean was 0.072 
second. The probable error of the mean of the I 2 values is ±0.009 second. The rela
tive personal-equations of-the. four observers, as derived from the longitude observations 
and used in tpeir reduction, were A.-B. =-o•.016, A.-G. =-o•.027, A.-S. =-o•.033, 
B.-G. = -o".011, B.-S. =-o".0I7, G.-S. = -o".006. These values are comparable 
with those shown a few lines above. · 

The results showed systematic di~erences in the clock errors as derived separately 
from the two positions of the instrument, amounting to as much as o. I I 5 second. This 
was attributed to a difference in the collimation error for zenith stars and for polar stars. 

In the second determination of the difference of longitude between Berlin and Pots
dam in 189I, there was but one observer at each station. The instrument was reversed 
during the transit of each star. On. time stars 20 contacts (two revolutions) were 
observed before reversal and 20 more after reversal on the same part of the screw. On 
polar stars 20 contacts in all were observed, IO before and 10 after reversal. The regular 
programme consisted of three sets of 6 stars each at each station on each night. Observa
tions were made on nine nights. The maximum residual of any one of the longitude 
determinations from the mean of the nine was o• .033. The probable error of the mean 
was ±o".005. 

The relative personal equation of the two observers, as derived from the longitude 
observations, was B.-S. = - o".oI 3. 

The difference between the mean values of the difference Berlin-Potsdam from this 
sour~e and from the observations earlier in the year was o".020, a quantity within the 
allowable limit as deduced from the computed probable errors of the two results. 

On the three determinations of differences of longitude between the stations Ubags
berg, Bonn, and Gottingen, I893, the methods of observations were practically the 
same as in the Berlin-Potsdam determination, except that more care was taken to use 
the same part of the screw before and after reversing on each polar star, and that on 
time stars IO contacts only, both before and after reversal-that is, the alternate contacts 
on two revolutions-were used in the computation, or 20 contacts in all. The regular 
programme at each station on a night consisted of two sets of 12 or I3 stars each. The 
observations were made on IO or I 1 nights at each pair of stations. For the three 
determinations the three maximum residuals of any night from the mean were o.•.044 
and o".056 and o".03r. The probable errors of the mean results were ±o".007, 
±o".006, and ±o".004. The closing error of the longitude triangle formed by the 
three determinations was o".038, almost too large to be accounted for by the computed 
probable errors. The closure was attributed mainly to various unfavorable conditions 
encountered on two of the lines. 
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The values of the combined personal and instrumental equation from these three 
determinations were o•.009, o•.019, and o".034. In the earlier longitude determinations 
the exchange of instruments between stations was made in such a way that each observer 
used each instrument a part of the time and the computation was so made as to separate 
the personal and instrumental equations. On the three determinations here dealt with 
each observer took his own instrument with him whenever he moved, and a separation 
of the personal and instrumental equations by computation was not possible. 

The following comparison was given of the mean error of observation of a single 
star in the 1893 longitude determination made with the transit micrometer and the cor
responding value by the key method: 

With transit I With transit 
Declination Key method tnicrometer, micrometer, 

Albrecht Borrnss 

0 s. s. s. 
+30 ±o.o65 ±0.049 ±o. 051 
+83 ±o. 278 ±0.217 ±o. 263 

It was also shown that the instrumental ~rrors, azimuth and inclination, were 
determined more accurately with the transit micrometer than with the key method. 

The introduction of the transit micrometer was characterized as an important for
ward step in longitude determinations. 

Neue Mikrometer, von A. Repsold und Sohne. Von j. Repsold. 8 Juli, r896. Pub
lished in Astronomisc!ie Nachricliten, No. 3377, Band I.jl:I.-This is a complete descrip
tion of a new transit mic:rometer constructed by A. Repsold and Sons and furnished to 
the Washburn Observatory at Madison, Wis. 

Tiu Repsold transit-micrometer ef t/1e Washburn Observatory, and slat-screen appa
ratus, by Albert S. Flint. Published in the Astronomical jounial, No. ,170,pages rro-rrr, 
October, r899.-This is an account of the performance of the transit micrometer 
described in the article referred to in the preceding paragraph. It was applied to the 
meridian circle of the Washburn Observatory and used in the observations for stellar 
parallax by the method of meridian transits. The aperture of the telescope of this 
instrument is 12.2 centimeters .. The driving heads made one revolution in 18.9 seconds 
for an equatorial star. The probable error of a single contact for an equatorial star was 
±0.030 seconds, the same as for observations with the same instrument with a key. 
For bisections both a single line and parallel lines, o•. 70 apart, were tried, and gave 
equally good results. The double lines were adopted for regular use. 

Vero.ffentlichung des Konig!. Preussisclien Geodii.tischen Institutes, Neue Folge No. 3, 
r900. Bestimmung der Lii.ngendifferenzen Knivsberg-Kopenhagen und Knivsberg
Kiel, z'm jahre r898.-The same instruments and methods of observation were used in 
this work as in the longitude determinations in 1893 between Ubagsberg, Bonn, and 
Gottirigen. As in that work the accidental errors in observing transits and in deter
mining the inclination and azimuth errors of the instrument were found to be smaller 
than with the key tp.ethod of observation. The 'regular programme on each night was to 
observe three sets of from 8 to 10 stars each at each station. Between Knivsberg and 
Kopenhagen the observations were made on 14 nights; between Knivsberg and Kiel on 
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13 nights. The maximum residual of any night from the mean in the former determi
nation was o•.050, and in the latter determination o".062. The probable errors .of the 
mean results were ±o".006 and ±o".005, respectively. 

The values of the combined personal and instrumental equation were o".034 and 
0•:033 from the two determinations. 

VerO.ffentlichung des Komgl. Preussischen Geodiitz'schen Institutes, Neue Folge No. 5, 
I90I. Bestimmung der Langendijferenz Potsdam-Bukarest, im jahre 1900.-The 
same instrum,ents, method, and observing programme were again used. The accuracy 
fl.ttained was slightly greater than in the 1898 determinations cited in the preceding 
reference. The observations were made on 22 nights. The maximum residual of any 
night from the mean was o•.043 and the probable error of the mean ±o".003. 

The combined personal and instrumental equation w~s o•.017. 
In connection with the report upon this determination Albrecht remarks that the 

superiority of the method employing the Repsold transit micrometer over the older 
methods is so complete, according to all the experience of the Geodetic Institute, that it 
should be used in all primary longitude work. , 

Die Beobaclztungsmethode mittelst des Repsold'schen Registrirmikrometer in ihrer 
Anwendung auj' Langenbestimmungen. Von Prof T!z. Albrecht, Miirz, I90I. 
Published in Astronomische Nachrichten, No. 3699, Band I55.-This is a general 
critical account of the results secured with transit micrometers in the determinations 
of longitude by the Prussian Geodetic Institute treated in the foregoing references. 
Among the facts set forth in regard to the transit micrometer arei that the relative 
personal equations are reduced to a tenth of their former values and presumably a 
corresponding reduction has been made in their variations; that variability of personal 
equation must be regarded as the principal source of error in longitude work with 
a key; that with the transit micrometer the observations of separate stars may 
follow each other at much shorter intervals than with a key; that the accuracy of a 
single contact with the transit micrometer is greater at any declination than that of a 
single line with a key; that the instrumental errors are determined more accurately 
when a transit ~icrometer is used than when fixed lines and a key are used; and that, 
whereas the mean error. of the result for a night as computed from ,the residuals of 
the various nights from the mean was from ±01.043 to ±o".o64 during ·1883:-1889 
with the key method of observation, it was from ±o".020 to ±o".026 with the transit 
micrometer method of observation in 1893, 1898, and 1900. 

Ueber die Verbindung eines Uhrwerks mz't dem , , unpersonlichen'' Mz'krometer von 
Repsold. Von H. Struve, Konz'gsberg, I, Marz I90I. Published in Astronomische Nach
richten, No. 37I9, Band I55.-This is a description of a clockwork driving apparatus 
connected with a transit micrometer attached to one of the instruments at the Konigs
berg Observatory. The weight of the clockwork, which is mounted upon the telescope, 
is 171 kilograms (371 pounds). It serves to drive the movable line at approximately 
the required speed to follow any star of declination between o and 88 °. The observer 
corrects the bisection from time to time as necessary by increasillg or decreasing the speed 
at which the micrometer is driven. The relative personal equation of two observers, as 
determined with the transit micrometer driven by hand, was +o• .020 and by the transit 
micrometer driven by clockwork was from two different series of 'observations +o•.012 
and +o•.027. Each of these are values reduced to the equator, and each was deter-
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mined from a series of observations extending over ·several nigh~. The accidental 
errors were smaller with the clockwork than with the micrometer driven by hand. The 
author did not consider the series of observations long enough to furnish trustworthy 
conclusion's. 

VerO.ffentlickung des Konig!. Preussiscken Geodiitiscken Institutes, Neue Folge, No. 7, 
I902. Bestimmung der Liingendijferenz Potsdam-Pulkowa, im Jakre I90I.-The same 
instruments and method were used as in 1900 between Potsdam and Bukarest. The 
regular programme on each night consisted of· 4 sets of 6 or 7 stars each. The accu
racy of the observed transits and of the determination of inclination and azimuth was 
greater than in the 1900 longitude work. The observations were made on twenty 
nights. The maximum residual of any night from the mean was o".043 and the probable 
error of the mean result was ±o" .003. . The mean error of the longitude difference 
from a single complete night as computed from the residuals of the separate nights 
.from the mean was ±o".018. 

The combined personal and instrumental equation was 01 .025. 
VerO.ffentlickung des KOnigl. Preussiscken Geodiitiscken InsHtutes, Neue Folge, No. I5, 

I904. Bestimmung der Liingendijferenz Potsdam-Greenwich, im jakre I903/ and, Sitz
ungsberichte der KOnigl. Preussisd1en Akademie der Wissenscl1aften, I904, VIII. Sitzungs 
der physikalisck-mathematisc11en Classe vom I I.. Februar. Neue Bestimmung des geogra
plliscken Liingenunterschiedes Potsdam-Greenwidi. Von Prof. Dr. T/1. Albrecht.-The 
same instruments and method were employed as before. The accuracy of the 
observations was about the same as in 1901. The regular programme on each night 
consisted of 3 sets of 6 to 8 stars each. The observations were made on twenty-four 
nights. The maximum residual of any night from the mean was o".059 and the probable 
error of the mean result ±o".003. The mean error of a longitude difference from a 
single complete night as computed from the residuals of the separate nights from the 
mean was ±o". 02 1. 

The combined per~onal and instrumental equation was 01.000. 

Ueber das Repsold' sche unpersonliclte Registrirmikrometer, nebst den mt"t demselben 
am Meridiankreis der Mimc11ener Sternwarte beobac/1teten Rektaszensionen von 208 
Fundamentalsternen. Von Prof. Dr. K. Oertel, Mimchen, An:fang Dezember I903. 
Published in Astronomiscke Nac11rickten, No. 3942-3, Band I65.-This article contains 
a full statement of the data in regard to a hand~driven transit micrometer attached 
to the Repsold Meridian Circle at the Munich Observatory, obtained during its use 
for five nights in determining the right ascension of fundamental stars. A detailed 
description of the instrument in volume 4 of "Neuen Annalen der Miinchener Stem
warte '' is referred to. All observations were made with a magnifying power of 270. 

The 3 089 observations, 430 by Professor Bauschinger and the remainder by Pro
fessor Oertel, failed to show the existence of a relative personal equation as large as 
o".001. 

A thorough investigation failed to discover any systematic errors depending up6n 
the magnitude of the star or the position of the instrument. 

Professor Oertel states in regard to advantages of the transit micrometer that, in 
contrast to the almost unavoidable nervous strain with the key, after suitable practice 
the screw of the micrometer is turned with absolute calmness; that more stars per hour 
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may be observed with a transit micrometer than with a key, and that the accurac..y of 
observation is greater than with a key. 

He states that in the winter months he has often, on several nights in succession 
and for six or seven hours uninterruptedly on each night, observed with the hand
driven transit micrometer without experiencing any other weariness than that due to 
the work in general. 

An investigation of 224 stars by the use of a reversing prism in the eyepiece 
indicated a very small error, less than o".005, which is systematic with respect to the 
direction of motion. 

The mean error of a single contact, reduced to the equator, .was found to be 
±o".042. 

The mean error of a single contact increased gradually with decreasing brightness 
of stars from ±o".034 for third magnitude stars to ±o".052 for stars of the seventh to 
eighth magnitude. These particular computed values depend upon an investigation 
.of 70 stars. 

The mean error of a single contact reduced to the equator (that is, multiplied by 
the cosine of the declination) decreased slightly as the . declinations increased, as 
shown by the following table, which is condensed from the more extensive table given 
in the article. 

-· 
I ' 

Average Number ,,, cos 8 Remarks declination stars 

--
0 s. 

37.4 22 ±0.046 
49.6 24 0.048 
55.7 24 0.041 
Sr. 7 14 0.039 Upper culmination 
86. l 9 0.034 Upper culmination 
88 . .5 5 0.029 Upper culmination 
88.3 6 0.027 Lower culmination 
86.2 12 0.041 Lower culmination 
82.7 20 ±o. 044 Lower culmination 

In other words, the mean error of a contact expressed in angular measures varies 
from about ±011 .70 for stars of about declination 45° to' less than ±o".45 for close 
circumpolar stars. 

Ergebnisse von Beobachtungen am Repsold' schen Registrirmikrometer bei Anwendung 
eines Uhrz!!e1·ks. Von Dr. Fritz Cohn, I2. November, I90I. Published in Astronomiscke 
NachricMen, No. 3766-3767, Band I57.-This is an account of an investigation made 
with the clock-driven Repsold transit micrometer mounted on a meridian circle telescope 
at Konigsburg, having a 4-inch objective. The observations were made on 14 nights 
in July, 1901, from 28 to 94 stars being observed each night, or about 1000 observations 
in all. Two observers took part in each night's work and the programme was such as · 
to give a strong determination of their relative personal equation. 

The clockwork and its counterweight weighed 3 kilograms. No evidence, although 
it was very thoroughly searched for, could be found that the relative personal equation 
of the two observers varied during the observations on any night, or from night to night, 
during the period July 1-22, over which the observations extended. The mean value 
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of the relative personal equation derived from all the observatfons was C.-P. = -o".022 
±o".002. The values from the separate nights all fell within the range -o".010 to 
-o".033, w~ich is fully accounted for by the computed probable errors. 

A special investigation was made to determine a possible relation between the 
relative personal equation and the magnitude of the stars observed. The relative per
sonal equation was apparently independent of the magnitude. 

For all stars down to magnitude 8.3 the accuracy of the observations seemed to be 
independent of the magnitude. For stars fainter than this the accuracy was somewhat 
decreased. The author suggests that the inability to observe very faint stars is a slight 
defect in the transit micrometer method of observation. 

All these stars were confined to a comparatively narrow zone "in declination and 
hence no investigation of the relation be~ween the accuracy of the observations and the 
declinations was feasible. 

The mean error of the observed transit of a star, from the whole series of observa
tion, reduced to the equator, was ±o".019. In commenting upon this value in com
parison with other observations with this and similar instruments without the transit 
micrometer, it is stated that the transit micrometer observations must be credited with 
twice the weight of the best observations by other methods. 

The observations are remarkable for their nearly complete freedom from systematic 
error of any kind as well as for their extremely small accidental etrors. 

Doctor Cohn states that the clockwork driving apparatus makes the observing 
much easier than it otherwise would be. 

The following table shows, for the longitudes determined with transit micrometers 
by th~ Prussian Geodetic Institute during the period 1891-1903, the mean error of a 
single contact, or signal, and the manner in which said mean error varies with the 
declination. The table shows the values of a and bin the formula m= t'a"+b" sec•o 
in which mis the mean error of a single contact and a and b are constants determined 
from the observations. 

Observer 
i 

Date a 
I 

h 

All 1891 0.052 0.027 
Albrecht 

i 
1893 0.039 o.026o 

Borrass 1893 0.036 0.0317 
Albrecht 

' 1898 0.037 0.0133 
Schumann . 18g8 0.048 0.0250 
Albrecht 1900 0.03§ 0.0174 
Borrass 1900 0.04 0.0261 
Albrecht I 1901 0.044 0.0194 
Borrass 

·I 
1901 0.052 I 0.0262 

Albrecht 1903 0.039 

I 
0.0146 

Wanach 1903 0.045 0.0174 



Blank page retained for pagination 



APPENDIX 9 
REPORT 1904 

TRIANGULATION IN CALIFORNIA 
PART I· 

By A. J,.. BALDWI~ 
Computer, Coast and Geodetic Survey 

10277--<J.4-34 



Blank page retained for pagination 



CONTENTS. 

Page. 

General statement ........ , .............................................................. · 495 
The primary triangulation ........................................................ · · · · · · · · · 495 
Unit of length ..................................................................... ······· 4g6 
Los Angeles base line ................ , ........................................... · · . · · · · · · 497 
Statement of adjustments.................................................................. 503 
Abstract of horizontal directions ................... ;....................................... 504 
Condition equations ............................................................ •.......... 516 
Accuracy as indicated by corrections to observed directions ...................... ···.········ 518 
Accuracy as indicated by corrections to angles and closure of triangles ........ '" . . . . . . . . . . . . . 521 
The accord of the bases . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 527 
Treatment of the subordinate triangulation ................................... · · · · · · · ..... · . 527 
Accuracy of the subordinate triangulation .................................... · .. · · · · . . . . . . . 528 
Explanation of positions, lengths, and azimuths, and of the United States Standard Datum . . . 534 
Table of positions, azimuths, and lengths ........ , .................. ·. · · · · · · · · · · · · · · · · · · · · · 537 
Descriptions of stations .................................. , .. , ............. · · · · · · · · ·. · .. · · · 615 
Computation, adjustment, and accuracy of elevations ........... · · · · · · · · · · ·: · · · · · · · · · · · · · · · · 737 
Table of elevations ............................................. · · · · · · · · · · · · · · · · · · · · · · 743 
Index to positions, descriptions, and elevations ................... · · · · · · · · · · · · · · · · · · · · · · · · · · 745 

491 



Blank page retained for pagination 



ILLUSTRATIONS. 

l. Primary triangulation, Transcontinental and northward ................. , ........... i •••• 
2. Primary triangulation, Yolo base net to Los Angeles base net, upper part ................ . 
3. Primary triangulation, Yolo base net to Los Angeles base net, lower part ................ . 
4. Primary triangulation, Los Angeles base net to Mexican boundary ................... : .. . 
5. Triangulation, Mexican boundary to Point La Jolla ................................... ,, 
6. Triangulation, Point La Jolla to San Mateo Point ....................... · ........ ~ ...... . 
7. Triangulation, San Mateo Point to Newport Bay ....................................... . 
8. Triangulation, Newport Bay to Point Dume ............................................ . 
9. 'friangtllation, Poitrt Dume to Santa Barbara ............................................ . 

10. Triangulation, Santa Barbara to Point Arguello ........................................ . 
11. Triangulation, Sa.n Clemente Island ................................................... . 
12. Triangulation, &inta Catalina Island .................................................. . 
13. Triangulation, San Nicolas and Sanpi Barbara Islands .................................. . 
14. Triangulation, Santa Cruz Island ................. ·" .............................. ·.· .... . 
15. Triangulation, Santa Roi.a and San Miguel Islands ..................................... . 
16. Triangulation, Point Arguello to Point Sal .............................. : ............... . 
17. Triangulation, Point Sal to Sad!fle Peak ............................................... . 
18. Triangulation, Saddle Peak to Piedras Blancas ......................................... . 
19. T~ngulation, Piedras Blancas to Point Sur ......... : .................................. . 
20. Triangulrition, Point Sur to Monterey Day ............................................. . 
21. Triangulation, Inland Peaks ........................................ , ................... . 

493 

Page. 

764 
764 
764 
764 
764 
764 
764-
764 
764 
764 
764 
764 
764 
764 
764 
764 
764 
764 
764 
764 
764 



Blank page retained for pagination 



TRIANGULATION IN. CALIFORNIA. 

By A. L. BAL.DWIN, 

Computer, Coast and G~odetic Survey. 

GitNERAL STATEMENT. 

The purpose of this Appendix is twofold: first, to set forth fully in convenient 
form the results of the primary triangulation near the western coast of the United States 
from Point Arena, California, to the Mexican boundary; second, to produce for the use 
of the engineer, and on United States Standard Datum, the. geographic positions, not 
only of the primary stations, but also of all stat.ions of the minor triangulations con
trolled by this primary scheme. and lying south of Monterey Bay. The descriptions 
and elevations are also printetl for all stations whose positions are here published, 
whether primary or tertiary, wherever available. 

The accomplishment of the first purpose was comparatively easy, because, at the 
time of his death in 1901 1 Assistant c!. A. Schott had in progress a complete report on · 
this triangulation. In addition to the assistance of Mr. Schott's notes, the Chief of tlie 
Computing Division and several of its members have taken part in the preparation uf 
this Appendix. Miss Lilian Pike, assisted by Mr. C. R. Duvall, made the least square 
adjustments of the primary work; and Miss Pike also directed the preparation of the 
descriptions. ' 

The engineer, intent only upon securing the necessary information to enable him to 
extend this triangulation or base other sunreys upon it, will find the information be 
desires in the latter part of the Appendix, commencing with the explanation of posi
tions, lengths, and azimuths. The index of positions, descriptions, and elevations used 
in connection ~ith the sketches at the end of the Appendix will enable him to find 
quickly the data he desires for any given locality. 

THE PRIMARY TRIANGULATION. 

The earlier field work of the Survey along the western coast of the United States 
was carried on under peculiar circumstances. The great and sudden influx of miners 
and adventurers into California from about 1849 onward made it the first duty of the 
Survey for many years to provide for the safety of navigation, as far as its means 
allowed, by means of coaet and harbor surveys, the mapping of rocks, shoals, reefs, and 
other dangers to navigation, and the prompt publication of such intelliget,lce in the 
form of charts. Much of this work necessarily had to be done hurriedly, and was con
sequently largely of a temporary character. Astronomic expeditions were organized 
and the positions of many prominent points were roughly determined, particularly 
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during the years from 1850 to 1853; besides, small or .local triangulations were made at 
a number of places; but it was not until a much later date that systematic surveys were 
attempted. The latitudes were determined by means of zenith telescopes and the longi
tudes by means of transits and of transportation of chronometers. The various expedi
tions to the northward and southward pf San Francisco were ultimately connected with 
that central station. The longitudes of a number of stations were determined from obser
vations of moon culminations, collected and referred to San Francisco for the purpose of 
fixing upon a standard geodetic longitude to be employed for all the surveys in Cali
fornia. From the beginning much difficulty was experienced in getting acceptable 
standard geodetic values for latitude ·and longitude, owing to the diVersity in the 
directions and magnitudes of the local deflection of the vertical. This difficulty was 
eliminated by the adoption of a standard datum for the whole United States.* The 
treatment of the astronomic determinations will be left for some future date. 

At the present time the results of primary triangulation are available on nearly one
half of the western coast of the United States exclusive of Alaska. This triangulation, 
at the northern end directly connected with the transcontinental arc in latitude 39°, 
binds together the positio'ns in this latitude and those along the line of the Mexican 
boundary. A primary triangulation'is now in progress which will connect the positions 
along Juan de Fuca Strait, Washington, with this triangulation at its junction with 
the transcontinental arc. 

The primary triangulation spreads over the crest lines of the coast ranges, which 
·form the western rim of the great California baiin. At the Santa Barbara Channel 
. the triangulation takes an abrupt bend, and follows the coast to the Mexican boundary. 
T~e distance along a great circle from Point.Arena Light-house to the Initial Monument 
on the Pacific of the Mexican boundary is 8°21'.85, or 501.85 nautical miles (577.9 
statute miles); the azimuth of ~he light-house from the monument is 141° 59'.3, and 
the reverse azimuth at the light-house is 318° 06'.8. 

The triangulation includes two primary base lines, namely, the Yolo Base, measured 
in 1881, and the Los Angeles Base, measured in 1888 and 1889; both. are long bases, 
each nearly 17~ kilometers in length, and they were found to be in excellent accord. 

THJt UNIT OF LENGTH OF THE; TRIANGULATION. 

This triangulation depends for its distances on the length of the Committee Meter, 
an iron bar standardized at Paris in 1799, one of the original French meters, and which 

, was brought to America in 1805 by Superintendent Hassler. It fell into disuse after 
the receipt by the Survey of the new national .prototype meters in 1890, t Its history, 
and results of many comparisons for defining. its length in terms of the International 
Prototype Meter, are given at length in Part I of "The Transcontinental Triangu
lation and the American Arc of the Parallel, Special Publication No. 4. Washington, 
D. C., 1900." The length of this Committee Meter, from the comparisons of .1799. 
1867, 1889, 1894-g5, and 1896, is found to be equal to the International Prototype Meter, 
with a probable error of .about three-fourths of a micron. 

*See "Explanation· of positions, lengths, and azimuths, and of the United States Standard 
Datu,m," 'later in this Appendix. 

tAppendix No. rS, Report for 1890, pp. 735-758: "Historical Account of United States Standards 
of Weights and Measures," etc., by 0. H. Tittmann, Assistant. 
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LocATION, MEASURE~ENT, A.ND LENGTH OF THE Los ANGELES BAsit ·LrN:it, 
CALIFORNIA,· 1888-89. 

Location of tlze base line.·-The line is on the so-called L9s Angeles plains, partly 
in Los Angeles County and partly in Orange County, about IO miles (or 16 kilometers) 
from the shore of San. Pedro Bay and roughly parallel with it. The necessary recon
naissance was made in 1886 by Assistants J. S. Lawton and E. F. Dickins and Sub
Assistant F. Morse. The final selection of the terminal points was made by Assistant 
G. Davidson in 1888. Southeast Base is about 173 miles (or 2.7 k.ilometers) south 
of the southwestern part of the town of Anaheim, in latitude 33° 47'.5 and in longitude 
lp

0 56'.6. Northwest Base is about l mile east of the town of Norwalk, on a slight 
ridge, in latitude 33° 55'.o and longitude u8° 03'.5. · The base is very nearly 17.5 
kilometers (or 10.9 statute miles) in length and the observed azimuths at Southeast 
Base and at Northwest Base are respectively 142° 37'.o and 322° 33'.2, making the 
inclination of the base with the meridian at its middle point about 37° 25'. r. No 
attempt was made to grade the line, except in six cases where sand and clay hammocks 
were cut through and by the removal of tussocks and coarse giass. The ground over 
w4ich the base passes is a broad plain with occasional slight ridges of only a few feet 
elevation, rising gradually toward both ends from the crossing of the Southern Pacific 
Railroad at Coyote Creek. The elevation of Northwest Base above the mean tidal level 
of the Pacific was determined by a double line of spirit levels (forward and backward), 
from the United States Engineer's benGh mark at San Pedro,.executed by Assistant 
I. Winston in May, l 890. No record of leveling along the base could be found, so the 
height of the bars at every 100 meters was determfoed by means of the sector readings 
during the second and third measurements of the base. line. These ~perations gave the 
follO\ying heights ahove mean tidal level, viz, of the Northwest Base (copper bOlt), 
127.961 feet or 39.003 meters; of Southeast Base (upper bolt), 107.271 feet or 32.696 
meters; of base bars, average for whole line, 88.778 feet ±0.475 feet or 27.000 meters 
±o. 145 meters. · 

Marking of the base ends.-A brick and cement foundation, extending 60 inches 
below the sUJ:face, 72 inches square at the bottom and 54 inches square at the top, sup
ported a granite block, 26 inches cube, the top surface of which was flush with the 
top of the foundation and wit4 the surface 'of the ground. A copper bolt in the center 
of the top surface of this block had a piece of silver wire driven into its head, and a 
hole made in the end of 'this wire with a fine needle marked the end of the base. A 
granite block, 3 feet long and l foot square, similarly marked, was ·set with its top 
surface several inches .below the bottom of the found~tion as a subsurface. mark. · 
Suitable witness marks were placed, two in the line of the base Md two at tight angles 
thereto at distances of 10 and loo feet. A stone with a copper bolt was set in line at 
the end of each half kilometer from Southeast Base except in three cases where the 
nature of the ground 'prevented, in which cases it was set at the end of a succeeding 
even bar where. the conditions were favorable. When the ends of the base were 
occupied as triangulation stations in 1890 brick towers were ereded, 35 feet hig}i at 
Southeast Base and 1 5 fee"t high at Northeast Base. 

Measurement of the base line.-The work was in charge of Assistant G. Davidson. 
His party arrived at Camp Colonna, near the middle of the base, October 16, 1888. ·A 
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preliminary measurement of the base line was made December I and 3 by Messrs. Nel~ 
son and Westdahl with a 100-meter steel wire, with the resulting length 17 494.53 
meters. The measurement with the bars ~gan December 13 and was completed Feb
ruary 15, 1889. The base was measured three times (with a fourth measure of the last 
half kilometer) with the 5-meter compensating base bars, first used in the measurement 
of the Yolo Base in November, 1881. A full description of this apparatus is given in 
Appendix 7 of the Report for 1882. Each bar is composed of two metals, steel and 
zinc, joined in such a way as to nearly compensate for changes of temperature. Contact 
is made by means of contact-slide pieces. The first measurement of the base was delayed 
by rains and the consequent accumulation of water in low places along the line, but 
was completed in 22 working days. The second measurement, made in the opposite 
direction to that of the others, required 15 and the third 13 working days. The party 
consisted of Assistant George Davidson, chief of party; J. S. Lawson, Assistant; F. 
Morse, Sub-Assistant; John Nelson, Aid; F. Westdahl, Draftsman; F. W. Edmonds, 
Recorder, and 17 men, of whom II took part in the actual work of measurement. 
Appendix 10 of the Report for 1889 gives a detailed account of the various operations 
of the measurement of the Los Angeles Base Line and the duties assigned to the various · 
members of the party. 

Computation ef the lengtlz ef tlze base.-The field computation was made by Sub
Assistant F. Morse; the office computation by D. L. Hazard. In the computation: and 
discussion of the Yolo Base Line, Appendi:l.{ 11 of the Report for 1883, the conclusion 
was reached th_at the lengths of base bars change slightly with the temperature and can 
not even be assumed as constant at the same temperature at different times. Accord
ingly observations were made both before and after the measurement of the Los Angeles 
Base to determine the effect of temperature on the length of the base bars, and the bars 
were compared twice each morning, before beginning work on the line, with the stapdard 
5-meter bar No. II (Field Standard). The resulting length was used for the work of 
the day after being corrected for the difference between the temperatures of comparisons 
and of the base measuring. 

The length of the 5-meter Field Standard No. II and its coefficient of expansion 
were determined in 1881-82-83 with the result: 

Length of No. II= 5m +I 163.0µ + 57.47µ (t-r7°.07C). 
± 2.I ± .21· 

For particulars see Appendix 7, Report for 1882. From that_ appendix are taken also 
the following values of one revolution of the micrometer of Fauth & Co. comparators: 

Comparator No. III=254.528µ+0.002µ (t-~o°C). 
± .OIO 

Comparator No. IV= 254.535µ+ 0.002µ (t-20°C). 
± .oog 

Corrections were applied for irregularity of screw. 
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Corrections to thermometers. 

Dase bar l. I Field standard. Dase bar. 
Temrera- I Average lure, enti- bar. grade. No. 4524. No. 4525. No. 4526. No. 4518. No. 4522, No. 4523. 

0 0 0 0 .o 0 0 0 

43 --0.34 -0.34 -0.32 -0.33 -0.36 -0.40 -0.36 
38 . 26 .29 . 26 . 26 . 28 . 26 . 27 
32.5 . 24 .32 .28 .30 ' .33 . 24 .28 
27 . 20 . 30 . 26 . 28 .30 .24 .26 
2I. 5 . 13 .20 .17 . 18 .19 .18 '. 18 
16 . 13 . I2 .16 . 16 . 23 .16 .16 
10 .06 . 12 I .14 . 16 . IS . 16 • 12 

4.5 -0.07 -0.10 
' -o. I2 -o.o6 -0.08 -o. II -;-0. 09 
! ' 

The quantities in the last column are to be applied to the mean of the readings of 
the four (Green) thermometers, Nos. 4524, 4525, 4522, and 4523. In measuring the 
fractional part of a bar length at Northwest Base, the second meter of a 3-meter steel rod 
was used. The length is given in Appendix 11, Report for 1883, as r meter+ r r.2 ,µ 
(t+13°.78 C). 

To ascertain the effect of temperature on the base bars, hourly comparisons were 
made for three days (of twenty-four hours) at Lafayette Park, San Francisco, parts of 
two days at Middle Base (Camp Colonna) and parts of two days at Southeast Base 
before measuring the base, and for parts of three days at Camp Colonna after the base 
measure. Owing to the small range of temperature, and conditions differing in other 
respects from those during the base measure, no use has been made of the San Francisco 
comparisons. From the daylight observations at the base on six days, three before and 
three after the measurement of the base, are deduced six values for the outstanding 
coefficient of expansion of each bar, of which the· mean, 3 microns for r° C. for each 
bar, is used to correct the length of the bars deduced from the morning comparisons for 
changes of temperature during the day. All comparisons between the field standard 
and the base bars were made by means of the Fauth & Co. level-contact comparators 
No. III and IV. The results of those comparisons used in the computation are 
appended. 
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Results from comparisons of the base bars Nos. I and 2 with field standard between the 
hours of 7 a. m. and 5 p. m. 

Hour 

7a. m. 
8 
9 

10 
II 
12DOOD 
lp. m. 
2 
3 
4 
5 

Mean 

Ezpansiqn 
.fiC!ent 

coef-} 

Hour 

~a. m. 

9 
IO 
1l 
12noon 
1p.m. 
2 
3 
4 
5 

Mean 

Expansion 
tiC!ent 

coef-} 

(1) BEFORE THE MEASUREMENT OF THE BASE (1888). 

[Length= 5 meters + tabular quantity.] 

Camp Colonna, Dec. 18 Southeast Base, Dec. II Southeast Base, Dec. I2 

No. 2 . No.1 No. 2 No. 1 No. 2 

Tem- Tem- Tem- Tern- Tc'm-
I,ength per- Length per- Length per- Length per- Length per-

a tu re ature ature ature ature 
--------------- --- ---------

/.I. 0 /.I. 0 /.I. 0 /.I. 
0 /.I. 0 

329.9 9.77 -27.0 I0.24 ........ ···6:69· . ....... ........ 339.7 6.99 
332.7 9.43 -25.4 9.99 314. 7 =~:i 7·~ 324.0 6.69 
332.7 9.59 -21.1 10.20 334.6 i·37 b' 341. I 6.95 
324.5 10.51 -36.7 II, 22 331.9 .40 - 1.3 Io:~ 343.9 8.29 
32<). I n.92 -20.4 12. 73 348.7 IO. 13 - 7.I 335. I 9.97 
332. I 13.15 -I5.4 I4.07 ........ ........ ........ ········ 335.6 ll.~ 

'330.5 I4.64 - 4.2 I5.57 333.4 I3·59 + 9.2 14.~ 347.9 I3·5 ........ ....... ········ ~J :t.g~ +33-9 342.1 :~: :~ 350.5 'i6:76' -I4.7 I~. 77 + ~·9 :~:92 355.6 
~·5 I7-40 -111.8 1 . 32 331.9 16.51 - .7 17.62 m·9 16.45 
34 .o I7-57 -29.2 I8.51 361.5 16.49 -15.3 17.50 .7 16.55 
--------------------- ---~ ---

337.0 13.07 -21.3 13.86 339.0 12, 24 - 6.4 15.,03 344.6 ll. 67 

/.I. /.I. /.I. /.I. /.I. 

2.83 0.97 I.97 2.95 2.32 

(2) AFTER THE ME.,.SUREMENTS OF THF; BASE. 

[Length - 5 meters + tabular quantity.] 

No. I 

Tem-
Length per-

ature 
------

/.I. 0 

-39.5 7:35 

=~g:~ 7.09 
b.46 

-12.4 .92 
- 7.0 10.72 
+ 4.4 12.6o 
+t5.o :u~ + 1.0 
+ 3.3 I7. 2I 
+ 3.4 17.59 
-14.9 I7°s6 
--- ---

- 9.7 12.48 

"' 3.00 

Feb. I8, I889 Feb. 19, I889 Feb. 20, 1889 

No. 2 No. 1 No. 2 No. I No. 2 No. 1 

Tem- ' Tem- Tem- Tem- Tem- Tem-
I,ength per- I,ength per- I,ength per- Length per- Length per- Length per-

ature ature ature ature ature ature 
--------- - ------ ------------ ---

/.I. 0 

"' 
0 /.I. 

0 

"' 
0 /.I. 0 

/.I. 
0 

r~J 
2.46 -24.4 2.So 

~J 
3.01 =2~J 3.oS 321.5 4.31 -I~.2. 4·~ 2.43 -21.3 2.92 2.77 3.10 322. 1 4.26 - ·3 4· 

312.7 3.09 - 9.3 3. 72 295.9 3.54 - 2.1 4. 21 312.0 ~-12 - 7.I 5.64 
33I. I i·43 + l:g ~.15 313.2 5.02 + 6.3 ~·97 . 328.2 .92 + 2.7 7.63 
337.8 • 13 .91 3I9.4 7.13 +I2.9 . I3 338.6 9.20 +17.4 10.04 
340. I 7.83 +L 8.55 334.5 9.25 +28.9 Io.19 329.3 ll.30 t:H l2, I3 
~-8 9.43 +I2.6 J0,02 327.0 Il.03 +13.7 "·~ 332.2 I3.20 13.83 

.8 ~!:og +33·~ u.40 300.7 12.i9 +2I.4 13. 329.9 l~,86 +15.3 I~.54 
365.5 +40. 12.6o 355.6 13. 3 +29.0 14.31 341. I +29.1 I.~ 
36I.5 13.33 +37·4 13.64 300.8 :t~ 

+2I.5 14.97 337.4 : :~ t~:~ fe.1 I4·79 +35·3 I4.32 362.7 +16.I I5·45 327.0 1~. 28 :i:24 
---------1-------·----------------

339.2 7.99 +Io.6 8.37 330.9 8.99 +10.5 9.52 329.0 ll.05 +Io.8 n.53 

/.I. f' /.I. /.I. /.I. /.I. 

4.69 5.31 4.96 2.83 1.03 2.66 
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Summary of results for differenHal coefficient of expansion. 

Date Bar No. 2 Bar No. l 

1888 µ u 
Dec. 8 2.83 0.97 

" II l. 97 2.95 
" 12 2.32 3.00 

1889 
Feb. 18 4.69 5.31 

" 19 4.g6 2.83 .. 20 l.03 2.66 

Mean 2.97 2. 95 

I 
±0.43 ±0.38 

Mean of two values 3. oµ 
' ±0.4· 

SOI 

That is, each bar becomes 3 microns longer when its temperature is raised r°C. 
As bars r and 2 are laid alternately throughout the measurement of the base, the 

computation may be simplified by using the average length of· the two bars except for 
the last bar at Northwest Base, which is odd nunibered. · 

Length and temperature of average bar from comparisons made during the base measure. 

[I.ength-5 meters + tabular quantit:!:'.] • 

I I Tem- Tem- 'fem- Temper-Date Length! pera- Date Length pera- Dale I.ength pera- Date I,cugth 
tu re tu re tu re nture 

----
1888 ,. 0 1889 ,. 0 2889 ,. 0 1889 

1t\s.8 
'o 

Dec. 13 2g3.6 10,72 Jan. 4 155.6 8. 14 Jan. 29 140.5 4.82 Feb. 2 l0.76 
15 :6~:i 12.57 5 250.7 9.71 21 l~.2 2.62 4 ' 172.3 2·93 
!h 13. 9" h 159.6 5.33 22 l ·S 2. 92 g l~,0 .50 

1g7,6 14.114 :tt~ 5.02 23 166.0 3·~ l~.3 12.58 
19 :4i:~ 9· 12 9 13.56 24 240.3 4. h l .4 12.50 
20 22.67 IO 167. 2 12.o6 24 217.1 25.97' 155.9 7.79 
21 257.0 14.34 II 2gp 20.51 ~· n45.4 5.14' 9 247.9 6,22 
28 151• I 7. n 12 I 2.9 '8:~~ 247. l 5.22 ll l~.7 6.oo. 
29 245.9 7.87 . 14 

:~:2 
28 l~.5 4·~ 12 I .6 l0.68 

31 144.2 5.90 15 4.97 29 14 .o 4. 13 164.5 9.35 

1889 
. 

Jan. l 139.6 Mt 16 165,6 
9.04 r 30 lt§. l 6.09 14 :b;:t 1t.51 

2 145.4 4.1 :h 16o,4 ~:~ ! 31 I .4 i·27 15 .o6 
3 141.7 5.o6 168.2 Feb. I 146.0 .oo 15 291.3 II.57 
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Recapitulation by sections of the three measures of the Los Angeles base line. 

Dar numbers First Second Third 
measure measure measure 

m. m. m. 
I to IOO 499·¢m 499.¢400 499.¢282 

IOI 200 499.94 3 499. 95037 499·= 201 300 499.94 499.~894 499·~ 301 400 499.~02 499. 33 499. 
401 

~ 499. 71 499.~125 499·§~ 501 499. 3576 499. 35~ 499. 
6o1 ;{: 499.93950 499.93 499.93929 
701 499.95670 499. 951,58 499.95120 
Bo! 900 499.93575 499.93354 499. 93822 
901 1000 499.~61§ ~~:~m 499·~ra 1001 lI20 599. 51 599. 2 

1121 1200 399·¢J3' 399.¢4¢ 399. 76 
1201 1300 499.9 56 499. 92753 499. 92950 
1301 1400 499·~7~ 499.~042 499.~o,58 
1401 :~ 499· 4 499. 536 499. 12 
1501 499.93705 499.94056 499.94230 
16o1 1700 499.94014 499.94110 499.94203 
1701 J8oo 499.973~ . 499.975~ 499.97763 
J8ol 1902 509.¢7 509.¢9 509·= 
1903 2000 489.98273 489. 98u8 489. 
200J 2JOO 499.98274 499. 982~ 499.97923 
2101 2200 . 499.~31 499:¢4 499.¢5J2 
2201 2300 499.900~ ~~::~~ 499.90J97 
230J 24o8 539.94 539.~925 
2409 ~ 459. 98346 459. 98<>57 459., 307 
2501 499.993~ 499.9¢76 ::::n~ 26o1 2700 499.993 499·= 2701 28oo 499.~28~ 499. 499.~3J5 
28o1 2900 499. 71 499. C)866o 499. ~ 
2901 3000 499·~ 499.98595 499. 98 2 
3001 3100 499· 499.90790 499.91031 
3101 3200 ~;;;:~~~~ 500.00442 500.~98 
3201 3300 499.~18 499.97 35 
3301 3400 499-988o3 499. 22 499.99103 
3401 N.W.Dase 495.80465 {So44o 495. So<)83 495. 8o7as 

Sum J7494· 29&3 17494. 31o6o J7494·33071 

Length of Los Angeles Base Line as measured 
Reduction to sea level (average elevation 27"'. o6) 

Length of base reduced to sea level 

l1ean .i., 

m. 111111. 

499.¢362 + 0.37 
499. 94793 + J.00 

499·~ - 0.74 
499. 7 + 1.3.~ 

499·~9 + 0.22 
499 3672 ·- o.¢ 
499.93929 + 0.21 
499.95316 + 3.54 
499.93584 - 0.09 
499·~ - 0.47 
599. - 1.51 
399.¢634 -- I. 03 
499.92786 - 1.30 
499.93950 - 2.00 
499.¢539 I = ~:~~ 499.93997 
499. 94109 - 0.95 
499.97549 - 2.40 
509.¢933 i:;: ::~ 489. 98157 
499.98157 + J.17 
499.¢341 - 3, JO 
499.90155 - 1.21 
539.94116 - 0.20 

459. 982i7 ! ::~ 499·994 I 
499.99218 + 1.46 
499.~169 + 1.14 
499. 7~ + 0.14 
499·~ ! ~:~ 499: 27 
500.~o - 0.61 
499.~2 - 0.30 
499. 3 - 1.40 

495. 8o673 - 2.o8 

I J7494· 3J311 -15.oS 

.i.. I il.3 

---· ---
mm. mm. 
+0.44 - o.Bo 
+2.44 = ~:~ +1.20 

I 
:;:~:~g - 0.01 

- o.97 
-0.97 + 1.94 
-·0.2I o.oo 
-l.,58 - 1.96 

I 
-2.30 + 2.38 

:;:~ + l.61 
+ 2.59 

-1.38 + ~:2: -0.33 
I +0.92 + 1.o8 

-0.03 + 0.73 
+0.59 + 2.33_ 
+0.01 + 0.94 
+o.:z6 + 2.14 
+0.23 + 1.12 

:;:~:ill - 0.77 
- 2.34 

+1.39 + 1.71 
+o.llo + 0.42 
+2. JO - 1.91 
-I.So + o.~ 
+2.15 - o. 

=~:~ - 0.90 
+ 1.46 

-0.44 + 0.30 
-0.01 - 0.34 
-0.37 + 2.04 
+0.02 + o.,58 
+0.56 - 0.27 
-0.21 + 1.6o 
-t.oi + 3, JO 

------
-2.SJ +17.6o 

17494"'.3131 
-0. 0744 

PROBABLE ERROR OF THE LENGTH OF THE BASE LINE. 

The probable error of measurement of the three sections or measures reduces to 

the simple formul:,i. r, = 0.6745 ,J[L1
6
L1] in which the L1'~ are the differences of the 

individual measures of a section from their mean. Hence r, = ±4 mm.05, which is 
about 114320000 part of the length of the base. This includes the uncertainty due to 
the comparisons of the bars with the standard, since each of the three measures of a sec
tion depends on a different set of comparisons. The probable error due to the uncer

. tainty of± 0.4µ in the expansion coefficient of the base bars, r
2

, is± 7 mm.co. The 
uncertainty of the length and expansion coefficient of the field standard produces the 
probable errors, r

3 
= ± 7 mm.35 and r

4 
= ± 6mm.30, respectively. The principal part of 

the probable error of the base is due to the uncertainty in the length of the Committee 
Meter taken as ± %' micron. This gives r

5 
= ± 13 mm. 12. Finally, there is the uncer

tainty in the reduction to sea level, r6 = ± o mm .40. The square root of the sum of the 
squares of these six quantities gives finally for the probable error of the length of the 
base liner=± 18 mm.2, which is about 1/960000 part of the length. 
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Adopted length of Los Angeles Base Line: 
17494m.2387±om.0182 and its logarithm 4.242895048±0.000000452 

STATEMENTS OF ADJUSTMENTS. 

Local adjustments of directions were made in every case according to the methods 
usually employed and fully described in previous publications of the Survey.* 

The length of the Los Angeles Base with which this triangulation connects has 
already been given in preceding pages with the description of its measurement and 
reduction. The other base which completes the control of this triangulation is the 
Yolo, and has already been .completely described.t The length of the Yolo base is 
17486m.5119, with a probable error of ±16mm.3, or about one part in 1073000 of its 
length. 

The lengths and relative directions of the lines of the triangle Mount Tamalpais
Mount Diablo-Mocho, before the adjustments herein set forth were commenced, had 
been fixed by the adjustment published in Special Publication No. 4, "The Transcon
tinental Triangulation and the American Arc of the Parallel.'' 

The figure adjustment was made in four sections. 
The first section extends from the lines of the fixed triangle Mount Tamalpais

Mount Diablo-Mocho to the Los Angeles base net. (See illustrations 2 and 3.) The 
adjustment of this- triangulation from the fixed triangle to the line San Pedro-Wilson 
Peak of the base net, which had been previously adjusted, involves 128 observed direc
tions connected by 56 rigid conditions. Forty of these related to the closure of the 
triangles, fifteen to the ratio of sides, and the last condition was that the_ length of the -
line San Pedro-Wilson Peak carried through from the line Mount Diablo-Mocho of 
th~ Yolo base net must agree with the length computed in the Los Angeles base net. 

The second section comprises the Los Angeles base net. (See suhsketch, illus
tration 4.) The only fixed line in the figure was the base, and the number of observed 
directions involved was 20. There were 9 rigid conditions to be satisfied, 6 relating 
to the closures of the· triangles and 3 to the ratios of the sides. 

The third secti.on (shown in illustration 4) extends from the triangle San Juan
San Pedro-Wilson Peak, fixed in the base net adjustment, to the li;ie Soledad-Cuyamaca. 
There were 32 observed directions involved, and these were connected by 17 rigid 
conditions. Eleven of these conditions related to the closure of triangles and 6 to the 
ratios of the sides. 

The fourth section (shown also in illustration 4) comprises the simple quadrilateral 
Boundary Monument 258-Point Loma Light-house-Soledad-Cuyamaca with the fixed 
line Soledad-Cuyamaca. This figure involves IO observed directions requiring 4 rigid 
conditions. 

These four sections do not comprise all of the triangulation now completed in this 
State considered of a primary character. It, however, combined with that already 
published in connection with the transcontinental triangulation, will serve to control 
the whole triangulation. The additional primary triangulation which is shown in 
illustrations I to 4, in heavy lines without numbers, has been fully adjusted to be 
consistent with this control. The old San Pedro Base, which was measured in 1853 

*See pp. 36-46, Special Publication No. 4. t Ibid., pp. n6-1:21. 
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with 4-meter iron rods, was found defective. Efforts to remedy the· defect by a 
remeasurement in 1881 were unsatisfactory. Measurement was made with a 60-meter 
wire and the northwest terminus was not certainly recovered. The base, therefore, 
appears only as a line of the triangulation. 

ABSTRAC'I'S OF HORIZONTAL DIRECTIONS AT THE MAIN STATIONS OF THE COAST 

TRIANGULATION BETWEEN THE GOLDEN GATE AND THE MEXICAN BOUNDARY. 

The abstracts of the first three stations, Mount Tamalpais, Mount Diablo, and 
Mocho, are abbreviated from the preceding adjustment of these stations as forming part 
of the transcontinental triangulation.* 

The methods and notation used in the local or station adjustment and in the net or 
figure adjustment are the same as explained in the account of the arc of tlie parallel 
across the country. All observed directions in the triangulation have been given equal 
or unit weight. The probable error of a single observation, telescope direct and tele
scope reversed, of a direction is found from 

0.455 ~ v" e •--~~-:-,.--
' -n-s,-d+1 

where n= number of observations, s= the number of series, d= the number of direc
tions at the station, and v= the residuals. The resulting horizontal directions are 
reduced to the sea level, which, expressed in seconds, is given by . 

e"h .sin 2a cos• cpl 2p sin r" 

where e"= (a•-tr)f a•, h= height of station sighted, p= the radius or curvature in a plane 
normal to the meridian, <p= the latitude and a= the azimuth counted from the south, 
westward. 

The spherical excess of a triangle is computed by the usual formula, 

ab sin C, [ . ] 
E 2a• ( 1 -e") sin 1" 1 -e" sm• cp • 

which gives E in seconds. 'Hence E=a.b, sin C,m, the value of nz being tabulated with 
the argument <p. 

ABSTRACT OF RESULTING HORIZONTAL DIRECTIONS AT EACH STATION. FROM LoCAI. 

AND FROM FIGURE ADJUSTMENT. 

Mount Tamalpais, Marin County, Cal. August 24 to October 9, 1882, G. Davidson, observer. 
50-centimeter direction theodolite No. II5. 

Correction Correction Final 
Number Resulting dlrec- Reduction seconds Resulting from pre- fromJres-of dire-c- Object observed tlon from station lo sea. In trl-

ti on adjustment level seconds vlous figure ent a Just-
an~la-adjustment 

3 

ment on 
0 II II II /I II II 

Mount Diablo o· 00 00.000 -o.oII 59.989 +o. 277 00.266 
Mocho 23 47 56.302 -o.07r 56.231 +0.422 56.653 
Sier;a Morena 61 37 29.923 -0.037 29.886 +o. 026 +0.328 30.240 

Circle used in 23 positions. Probable error of a single observation of a direction ( D. & R. ) = ±ol 1.54. 

*See pp. 575, 598, and 599 of Special Publication No. 4. 
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Mount Diablo, Contra Costa County, Cal. June 2s to September 8, r876, G. Davidson and W. 
Eimbeck, observers. so-centimeter. theodolite No. S· November 14 to December 291 ·18841 

R. A. Marr, observer. so-centimeter theodolite.No. us. June 28 to July 191 r892, G. Davidson, 
observer. so-centimeter theodolite No. us. 

Correction Correction Final 
Number Resulting direc- Reduction Resulting from1.re- from /ire"" 

seconds 
of direc- Object observed. lion from station to sea in tri-

lion adjlistment. level seconds vious gure ent a just- ·"tr.:!•-adjustment inent 

0 II II II II II II 

Mount Helena 0 00 00.000 -o.o82 s9.918 -0.645 ..... : 59.273 
Mocho 18o 16 12.207 -o.o8o 12.127 +0.004 .. · .... r2.131 

Loma Prieta 2II 22 o6.404 -o.OII o6.393 +0.091 +o.on o6.49s 
2 Sierra Morena 249 16 39.8s8 +0.046 39.904 +0.091 -o. 234 39.761 

Mount Tamalpais 310 12 09.226 -o.oo8 09.218 -0.047 09. r71 

In 1884 circle used in 23 positions. In 1892 circle used in s1 positions. Probable error of a single 
observation of a direction (D. & R.) = ±o''.72. 

Moc/to, Santa Clara County, Cal. August 19 to October 301 1887. J. S. Lawson, F. Morse, and P. A. 
Welker, observers. so-centimeter theodolite No. us. 

0 (I II II II II II 

Azimuth Mark 0 00 00.000 00.000 

8 Santa Ana 176 rs 4s.389 . -o.os7 4s.33::a +0.002 -o. 1s7 45. 177 

9 Mount Toro 203 17 21. 473 +0.007 21. 48o +0.002 +o. r90 21. 672 

10 Loma Prieta 232 SS 1s.468 -j-0.072 1s.s40 +0.002 +o. 21s · 1s.1s1 
II Sierra Morena 284 31 49.647 +0.011 49. 6s8' +0.002 +o.o6s 49.72s 

Mount Tamalpais 319 22 10; 16o -0.046 IO. II4 ~0.010 IO. I04 

Mount Diablo 34S 38 23.364 -0.076 23.288 -'-<>. 176 23. II2 
' Circle used in 23 positions. Probableerrorof asingleobservation of a direction (D. &R.) =±011.70. 

Sierra Morena, San Mateo County, Cal. E. F. Dickins, observer. November 28, 1883 to January 1s1 

1884. so-centimeter direction theodolite No. ns. . 

Resulting direction Correction Final sec-
Number of Object observed from station ad- Reduction Resulting fromJjre"" onds in 
direction justment to sea level seconds ent a ust- triangula-

ment ti on 
0 II II II • II II 

4 Mount Tamalpais 0 00 00.000 -0.040 s9.900 +0.326 oo. 286 

Rocky Mound 30 15 s7.947 

s Mount Diablo S7 27 09.sso +0.074 09.624 -o.32s 09.299 
Red Hill 74 14 10.7s4 

6 Mocho 107 20 16. 128 +0.020 16. r48 +0.313 16.46I 

Lick Observatory Dome 121 os 37. 148 -0.023 37.12s 

7 Loma Prieta 1s2 40 s8.866 -0.079 58.787 -o.3I4 s8.473 
Southeast Farrallon Light-

house· 
321 46 s8.74 

Circle'used in 23 positions. Probable error of a single observation of a direction (D. & R.) :=±o'1.s6. 

10277-04-3s 
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Loma Prieta, Sanyi ·Clara and Santa Cruz counties, Cal. E. F. Dickins, observer. February 24 to 
March 17, 1884. so-centimeter direction theod9lite No. us. 

Resulting direction Correction Final sec-
Number of Object observed from station ad- Reduction Resulting from Jires- ondsln 
direction justment to sea 'level seconds ent a just- triangula-

ment ti on 
0 // // II // II 

14 Mocho 0 00 00.000 +0.079 00.079 -0.013 oo.o66 

Lick Observatory Dome .2 46 3s.868 +o.o84 3S· 9s2. 
IS Santa Ana So 33 22.047 -o.oss 21. 992 +o.oo6 21. 998 
16 Mount Toro 130 00 01. 638 -o.04s 01.s93 -o.04s 01.s48 
12 Sierra Morena 276 S7 09. 13s -o.oso 09.o85 +o. SSS 09.640 

13 Mount Diablo 323 48 s6. 126 -0.012 s6. 144 -o.so4 ss.610 

Circle used in 23 positions. Probable error of a single observation of a direction (D. & R.) =±o''.s6. 

Santa Ana, San Benito County, Cal. E. F. Dickins, observer. November 30 to December 9, 188s. 
so-centimeter direction theodolite No. IIS. 

0 /, II II II // // 

19 Mount Toro 0 00 00.000 +o.07s oo.07s +o.01s 00.090 
20, Loma Prieta 74 14 SS·S41 -o.os7 ss.484 +0.042 ss.s26 

Lick Observatory Dome 104 28 ss.30 -0.087 ss.213 
21 Moclio II7 os IO. IS7 -o.o64 10.093 +0.016 IO. 109 

17 Hepsedam 291 s8 17.793 ~ -0.079 17.714 -o.oss 17.6s9 
18 Santa Lucia 332 28 17.630 +0.049 17.679 -0.019 17. 66o 

Circle used in 23 positions. Probable error of a single observation of a direction (D. &R.) =±o".57. 

Mount Toro, Monterey County, Cal. R. A. Marr, observer. January 20 to February 15,. 1885. 
50-centimeter direction theodolite No. us. 

0 II // /I // // 

22 Loma Prieta 0 00 00.000 -0.047 59·9S3 +0.074 00.027 

Lick Observatory Dome lS S5 53.525 -o.oo6 53.s19 

23 Mocho 20 22 10.895 +0.008 10.903 -o. 071 10.832 

Gavilan 35 o8 50.621 +0.034 50.655 

24 Santa Ana 56 18 32.742 +0.075 32.817 -0.014 32. 8o3 

25 Hepsedam 12S S9 16.s73 -o.os6 l6.s17 +0.045 16.562 

26 Santa Lucia· . 175 39 38.445 ·-o.o88 38.3s7 -0.034 38.323 
Santa Cruz Light-house 339 41 17. 195 

Circle used in 23 positions. Probable error of a single observation of a directiOn (D. & R.) =±o''.56. 

Hepsedam, San Benito County, Cal. J. S. Lawson, observer. December 16, 188s, to January 6, 1886. 
3o-centimeter direction theodolite No. 131. 

0 II II // // II 

27 Castle Mount 0 00 00.000 -o.09s 59.905 -0.093 59.812 

28 Rocky Butte 62 53 o6.470 +0.041 o6. 5II -o. 314. o6. 197 

29 Santa Lucia II7 16 16.232 +0.079 16. 3II +o. 489 16. 8oo 

30 Mount Toro 155 05 36.893 -o.04s 36.848 -0.095 36. 7S3. 

31 Santa Ana 197 23 20. 132 -o.o66 20.o66 +0.014 20. o8o 

Circle used in 23 positions. Probable error of a single observation of a direction (D. & R.) =±111.oo. 

' 
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Santa Lucia, Monterey County, Cal. E. F. Dickins, observer. October ro to 241• 1885: 50-centi
meter direction theodolite No. ns: 

Resulting direction Correction Final sec-
Number of Object observed Reduction Resulting from Jires- ondsln 
direction from station ad- : to sea level seconds eut a just. trlangula· justment. mcnt tion 

0 II II II II II 

32 Mount Toro 0 00 00.000 -0.053 59.947 +o. 120 oo.o67 

33 Santa Ana 33 07 17.591 +0.029 17.620 -0.073 17.547 

34 Hepiiedalh 92 30 25.445 +o.o61 25.5o6 -o.6o8 24.898 

35 Castle Mount 124 58 25.575 -0.041 25.534 +0.317 25.851 

36 Rocky Butte 170 34 53· Il5 -o.o66 53.049 +o. 245 53.294 

Circle used in 23 positions. Pro~ableerrorof a single observation of a direction (D. ~ R.) =±o''.56. 

Rocky Btttle, San Luis Obispo County, Cal. J. S. Lawson, observer. November 27, 18841 to January 
31, 1885. 30-centimeter direction theodolite No. l3I. 

0 II II II II II 

44 Castle Mount 0 00 00.000 +0.074 00.074 +0.492 00~566 

45 San Jose 53 28 15.597 -0.009 15. 528 +o. 173 15.701 

46 San Luis 68 40 53. 141 -o.o63 53.078 -I. 158 51.920 
Saddle Peak 88 57 26.097 -0.032 26.o65 

47 Lospe 89 23 21. 415 -0,029 21.386 -j-0.314 2J. 700 
42 Santa Lucia 264 Ol 23. 627 -o. 114 23.513 -o. 302 23. 2Il 

~3 Hepsedam 3II 33 52.46o +o. 051 52. 5Il +o. 482 52.993 

Circle used in 23 positions. Probable error of a single observation of a direction (D. & R.) =±I.1120. 

Castle llfount, Mohterey and Fresno counties, Cal; J. S. Lawson, observer. October 6 to 30, 1885. 
30-centimeter direction theodolite No. 131. 

0 II II II II II 

41 Hepsedam 0 00 00.000 -o. 097 59.903 -o.o¢ 59.8o7 

37 San Jose 220 50 04.090 -0.015 04- 075 -o. 370 03.705 
38 San Lurs 241 30 24.392 +o. 032 24.424 +1. 341 25.765 

39 Rocky Butte 291 19 04.369 +0.059 04.428 -o. 905 03.523 
40 Santa Lucia 329 44 ro.o67 -0.059 IO. oo8 +0.029 10.037 

Circle used in 23 positions. Probable error of a single observation of a direction (D. & R.) =±I."09. 

San Luis, San Luis Obispo County, Cal. J. S. Lawson, observer. November 9 to December 6, 1883. 
30-c.entimeter direction theo'dolite No. 131. 

0 II II II II II 

57 Lospe 0 00 00.000 +o. 007 00.007 -o. 273 .59· 734 
Saddle Peak 68 20 51. 216 +0.022 51.238 

53 Rocky Butte 128 16 44.748 -0.076 44.672 +1. 179 45. 851 

54 Castle Mount 189 47 27.721 +0.049 27.770 -0.440 27.330 

55 San Jose 255 36 21. 318 +0.025 21. 343 -0.077 21.266 

56 Tepusquet 314 28 o6.035 -0.072 05.963 -0.389 05.574 

circle used in 23 positions. Probable erro~ of a single observation of a direction (D. & R.) =±x.1176. 
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San Jose, Sv-n Luis Obispo County, Cal. J. S. Lawson, observer. January l to 19, 1884. 30-centi-
meter direction theodolite No. 131. 

Resulting direction Correction Final sec-
Number of Object observed Reduction to Resulting from gres- ondsin 
direction from station ad- sea level seconds ent a just- ·trianguta-justment. ment ti on 

0 II II II II II 

48 Tepusquet 0 00 00.000 -0.024 59.976 +o. 654 00.630 

49 Lospe 42 57 o6.o86 +0.034 o6. 120 -o. 803 05.317 
Saddle Peak 87 31 55.099 +o. 017 55. 116 ... -:. 

50 San Luis 90 47 29.355 +o. 020 29.375· +o. 114 29.489 

51 Rocky Butte 128 IS 20.918 -o.o64 20.854 +0.390 21. 244 

52 Castle Mount 184 18 18. 6o5 -0.018 18.587 -o. 353 18.234 

Circle used in 23 positrons. Probable error of a single ob.servation of a direction (D. &R.) =±1.1128. 

Lospe, Santa Barbara County, Cal. J. S. Lawson, observer. February 6 to May 15, 1883. 30-centi-
meter direction theodolite No. 131. 

0 II II II II II 

61 Tepusquet 0 00 00.000 +o. 007 00.007 +0.029 00.036 

62 Gaviota 52 04 21. 897 -o. 055 21.842 -o. 085 2I. 757 

63 Arguello 86 03 oS.412 -o. 012 oS.400 -o. 253 08. 147 

58 Rocky B1;1tte 247 14 oS.253 -o.o6o 08. 193 -o. 797 07.396 
. Saddle Peak 247 49 23.012 -0.031 22. 951 

59 San Luis 278 14 55.884 +0.012 55.896 +o. 927 56. 823 
6o San Jose 3o6 00 56.759 ·j-O, 077 56.836 +o. 181 57.017 

Circle used in 20 positions. Probable error of a single observation of a direction (D. & R.) ±= 1.1120. 

Tepusquet, Santa Barbara County, Cal. J. S. Lawson, observer. October 6 to November 26, 1882. 
30-centimeter direction theodolite No. 131. 

0 II II II // // 

.61 Lospe 0 00 00.000 +0.004 00.004 +o. o59 00.063 

Saddle Peak 34 49 28.854 -0.037 28.817 

67 San Luis 52 43 o6. ';27 -o. o63 o6.664 +o. 157 06.821 

68 San Jose 83 03 57.355 -0.028 57.327 -0.559 56.768 

64 Gaviota 274 00 17.696 +0.003 17.699 +o. 028 17.727 

65 Arguello 316 05 04- 272 +0.049 04.321 +o. 315 04.636 

Circle used in l 7 po~itions. Probable error of a single observation of adirectian.(D. & R.)=±1//33. 

Arg-uello, Santa Barbara County, Cal. 0. H. Tittmann, observer .. December 30, 1875, to February 18, 
1876. 45-centimeter direction theodolite No. 4. 

0 // // // // // 

Azimuth Mark 0 00 00,000 00.000 

72 Santa Cruz West 24 22 55.866 -o. 016 55.850 +o. 151 56.001 

73 New San Miguel 55 52 42. 26o -q.009 42. 251 +o. 249 42.500 

69 Lospe 254 07 55.341 -0.009 55.332 +0.302 55. 634 

70 Tepusquet 294 09 55.703 +0.073 55. 776 -o. 299 ~5·477 

71 Gaviota 355 53 02.8<;>1 -o. 028 02.773 -o. 402 02.371 

Circle used in 7 positions. Probable error of a single observation of a direction (D. & R. )=±1//24. 
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Gavio~a~ Santa Barbara County, Cal. 0. H. Tittmann, observer. May 10 to 18, and October 5 to 
Deceiiiber 6, 1875. 45-centimeter direction theodolite No. 4. 

Resulting direction Correction Final sec-
Number of Reduction Resulting from Jires- onc;ls in 
·direction Object observed from station ad- to sea level seconds ent a just- triangula-justment ment tlon 

0 II II II II II 

Azimuth Mark 0 00 00,000 ..... 00.000 

74 Santa Barbara 33 44 50.627 -0.005 50.622 -o. 313 50.309 

75 Santa Cruz East 6o 24. 38. 908 -0.007 38.901 -o. 216 38.68$ 
76 Santa Cruz West 81 38 20.201 -o. 014 20. 187 +0.202 20.389 

77 New San Miguel 128 _56 22. 731 +o.ou 22.742 +o. 019 22. 761 

78 Arguello 215 26 47.323 -0.025 41. 298 +o. 324 47.622 

79 Lospe 249 42 _57.272 -0.037 57.235 +o.o87 57.322 
8o Teplisquet 291 38 57.772 +0.004 57. 776 -o. 102 57.674 

Circle used in 8 positions. Probable error of a single observation of a direction (D. & R.) =± r. 1104._ 

New San 11figuel, Santa Barbara County, Cal. 0. H. Tittmann, observer, November 8 to December 18, 
1873. 45-centimeter direction theodolite No .. 4. 

0 II II II II II 

Azimuth Mark 0 00 00,000 00,000 

83 Santa Cruz West 42 58 26.595 +0.003 -26.5~ +ci. 267 26.865 
81 Arguello 303 05 29.463 -0.025 29.438 -o. 235 29.203 
82 Gaviota 336 35 28.945 +0.034 28.979 -:-o. 033 28.946 

·circle used in 7 positions. Probable error.of a single observation of a direction (D. &R.) =±o.1182. 

Santa Cruz West, Santa Barbara County, Cal. 0. H. Tittmann, observer, January 23 to March 10,' 

1874. 45-centimeter direction theodolite No. 4. 

0 II II II II II 

84 New San Miguel 0 00 00,000 +0.003 00.003 -o. 261 59.742 
85 Arguello 48 37 22. 322 -o. 049 22. 273 +o.o86 22. 359 
86 Gaviota 66 19 o5.313 -0.047 05.266 -0.347 04.919 

87 Santa Barbara I2I Yl 35.989 +o.oo8 35.997 +0.485 36.482 
88 Santa Cruz East 188 14 2~. 2o8 .000 27. 2o8 +0.036 'n· 244 

Azimuth Mark 205 27 28.120 

Circle used in 7 positions. Probable error, of a single observation of a direction (D. & R.) =:±:1.1120. 
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Santa Barhara, Santa Barbara County, Cal. J. Kincheloe, observer in I862, I863. 2o-centimeter 
repeating theodolite No. 44. G. Davidson, observer in I869. 45-centimeter direction theodolite 
No. 4. W. E. Greenwell, observer in 1870. 20-centimeter repeating theodolite No. 44. 0. H. 
Tittmann and W. Eimbeck, observers in I874. 45-centimeter direction theodolite No. 4. A. T. 
Mosman, observer, July 8 to August 5, I898. 50-centimeter direction theodolite No. u5. 

Number of 
direction 

93 

91 

92 

Object observed 

Pelican 

Gaviota 

Azimuth mark 

Chaffee 
San Buenaventura 

Laguna 
Anacapa 

Santa Cruz Bast 

Santa Cruz \Vest · 

Resulting direction 
from station ad-

justment 

0 •II 

0 00. 00.00 

I3 31 19. 29 
88 29 sx. 44 

I97 42 39.03 
200 IO 45.4I 
208 17 46.8I 

234 56 I3.36 

250 OI 46.020 

2¢ 43 16. 92 

Correction Final sec-
Reduction Resulting rron1Jr·es. onds in 
to sea level seconds ent a just- triangu\a. 

meut ti on 
II II II . II 

00.00 

-0.025 19.265 +0.223 19.488 

SI. 44 
-o. 015 39.0I5 -o. 330 38.69 

-0.03 46.78 +o. 657 47.44 

-o. 005 46.015 -o. o83 45.932 
-j-o. 0I3 I6.933 -o. 467 I6. 466 

Circle used in 7 positions in I874. Probable error of a single observation of a direction (D. & R.) = 
±111.30 .. 

Circle used in I 2 positions in I898. Probable error of a single observation of a direction ( D. & R.) = 
±o".7s. 

Santa Cruz East, Santa Barbara County, Cal. W. E. Greenwell, observer in I857. 20-centime::ter 
repeating theodolite No. 44. J. Kincheloe, observer in 1863. Same instrument. 0. H. Tittmann, 
obsen·er in I876. 45-centimeter direction theodoiite No. 4. W. B. Fairfield, observer, July I9 
to August 7, 1898. so-centimeter direction theodolite No II4. 

0 II II II II II 

94 Santa Cruz \Vest 0 00 oo.qo -o. 002 59.998 -0.012 s9.986 

95 Gaviota 36 50 S9· 513 -0.055 59.4s8 +0.313 59.77I 

~ Santa Barbara 66 41 41. 763 -0.006 41. 7S7 +0.076 41. 833 

97 Chaffee 124 34 39· 14 +0.02 39. 16 -o. 188 38.97 
San Buenaventura 135 s6 42. 126 

98 Santa Clara 144 :.?I 52.53 +0.05 52.58 +o. 28o 52. 86 

99 Laguna 168 48 39.77 +0.01 39.78 -0.469 39.31 
Anacapa 193 30 17.709 

Circle used in 7 positions in 1876. Probable error of a single observation of a direction (D. & R.) = 
±1 11-47· 

Circle used in 12 positions in 1898. Probable error of a single observation of a direction (D. & R.) = 
±011.40. 

Chaffee, Ventura County, Cal. A. T. Mosman, observer. August 19 to 28, 1898. so-centimeter 
direction theodolite No. rr5. 

0 II II II II II 

IOI Laguna 0 00 00.00 -0.03 59:97 +0.46 00.43 

102 Santa Cruz East 87 28 04.93 +0.01 04.94 -0.27 04.67 

103 Santa Barbara 157 I6 03.o8 -0.0I 03.07 +0.29 03.36 

IOO Santa Clara 313 05 4I. 42 +o.OI 4I.43 -0.48 40.95 
Circle used in I 2 positions. Probable error of a single observation of a direction (D. & R.) = 

±011.97. 
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Laguna, Ventura County, Cal. 0. H. Tittmann, observer. January lS to Feb~uary 7, 1877. '4S
centimeter direction theodolite No. 4. W. B. Fair.field, observer. September 6 to II, 1898. 
so-centimeter direction theodolite No. I 14. • 

Resulting direction Correction Final sec-
Number of Object observed from station ad- Reduction Resulting from .fires- ondsin 
direction justment to sea level seconds ent a just- triangula-

ment ti on 
0 II /I II II II 

1o8 Castro 0 00 00.00 -0.0l S9·99 -o.s4 S9·4S 
109 San Pedro 2S 03 49.So -..0.03 49.77 +0.77 so.s4 

Santa Barbara Island 82 40 33.so3 
Anacapa IS3 S3 S7· 147 

104 Santa Cruz East 167 12 s3.61 o.oo s3.61 +o. 13 S3-74 

Hueneme Light-house 191 32 { s4.70 
s6.35 

ss.s2 

10s Santa Barbara 203 22 03.2s -o.or 03.24 -0.71 07.S3 
1o6 Chaffee ::us 30 s2.12 -0.03 s2.09 -o.os s2.04 

San Buenaventui:a 217 33 22.316 

107 Santa Clara 270 04 24.76 +0.01 24.77 +0.41 2s. 18 

Circle used in 7 positions in r877. Probable error of a single observation of a direction (D. & R.) 
=±111.14. 

Circle used in 12 positions in 1898. Probable error of a single observation of a direction ( D. & R.) 
=±o''.82. 

Santa Clara, Ventura County, Cal. A. T. Mosman, observer. September 9 to 17, 1898. so-centi-
meter direction theodolite No. us. 

0 II II II II II 

Il2 Laguna 0 00 00,00 +0.01 00.01 -o.ss s9.46 

II3 Santa Cruz East s2 41 43.48 +0.01 43.49 +0.87 44.36 

II4 Chaffee 78 32 08.47 +0.01 o8.48 -0.02 08.46 
IIO San Fernando 263 3S 32.s4 o.oo 32.54 -o. 27 32.27 
I II Castro 313 01 15. 33 -o. o6 15. 27 -o. 02 15. 2s 

Circle used in 12 positions. Probable error of a single observation of a direction (D.& R. )=±o".73. 

Castro, Los Angeles County, Cal. F. Morse, observer. October 15 to 20, 1898. 50-centimeter direction 
theodolite No. n4. 

0 II II II II II 

116 Santa Clara 0 00 00.00 -0.05 59.95 -o. IO 59.""85 
II7 San Fernando 73 18 20.83 +0.08 20.91 -0.56 20.35 
II8 Wilson Peak 118 04 42.43 +o.o6 42.49 +0.42 42.91 

Il9 San Pedro 173 14 30.71 -0.03 30.68 -o. 22 30. 46 

115 Laguna 316 54 16. 28 -0.01 . 16. 27 +0.47 16. 74 
Circle used in 12 positions. Probable error of a single 0bservation of a direction (D.& R.) =±011.69. 

San Fernando, Los Angeles County, Cal. A. T. Mosman, observer. October -6 to II, 1898. so-centi
meter direction theodolite No. u5. 

122 

123 
120 

Castro 

Santa Clara 

Wilson Peak 

0 

0 

57 
2so 

307 

II 

00 00.00 

IS 59.33 

57 44.88 
00 32.34 

II II 

+o.o6 oo.o6 

o.oo s9.33 
-o.o6 44.82 
-0.02 32.32 

II 

+o. 28 

+o. 28 

-0.87 

+0.31 

II 

00. 34 

59. 61 

43.95 
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San Pedro, Los Angeles County, Cal. October 22 to November 101 1878. 45-centimeter direction 
theodolite No. 4. D. B. Wainwright, observer. September 23 to 291 1896. 25-centimeter repeat
ing theodolite No. 54. E. 9F. Dickins, observer. October 27 to November 18, 1898. 50-
C!!ntimeter directio~ theodolite No. 115. A. T. Mosman, observer. 

Number 
of di

rection 

125 
126 

13 

14 

15 
16 

2 

124 

Object observed 
Re\~~~nlr~rec- Reduction to Result
station adjust- sea level s~~ds 

ment 

Castro 

San Fernando 

Wilson Peak 

LosAngeles N.W. B. 

O I II 

' 0 00 oo.oo 

27 04 25. 84 

73 II 40.87 

IOI 09 36. 49 

Los Cerritos u7 12 57. 14 

San Juan 1i8 57 57. 48 

Los Angeles S. E. B. I 29 30 50. 42 

Santiago 

Las Bolsas 

Niguel 

Catalina Peak 

West Peak 

140 31 21. 19 

150 33 42.85 

162 26 10.4s 

236 20 29.74 

261 59 s1.62 

Santa Barbara Island 293 oo 19. 7 I 

Laguna 348 43 35. 01 

II 

-o.o6 

-o.o6 

+o. IO 

0.00 

+0.01 

+0.03 
o.oo 

II 

S9·94 
2s.78 

40.97 

36.49 

S7· IS 

57.s1 

so.42 

-o. 01 21. 18 

o.oo 42.8s 

-0.02 10.43 

0.03 34.98 

Correc
tion from 
base net 
adjust-
ment 

II 

+o. 13 

+0.38 

-I. 22 

+0.70 

ti~~rf~~;,, ti~~rf~~;,, Final. 
adjust- adjust- sec~uds m 

ment, first ment, third tnl atnlgu-
section secticn a on 

II 

-0.47 

+0.37 

-0.33 

.// 

-0.21 

II 

S9·47 
26. IS 

41. IO 

36.87 

s6.29 

SI. 12 

20.97 

-o. 91 09. s2 

34.65 

Circle used ins positions in 1878, and in 12 positions in 1898. In 1896 each angle was measured 
in 16 sets or more of 6 repetitions (3D. & 3R.) each. Probable error of an observation of an angle 
(3D. & 3R.) =±011.94. Probable error of a single observation of a direction (mean .of D. & R.) in 
1898 =±011.¢. 

San Juan, Orange County, Cal. Oetober 15 to 23, 1896. so-centimeter direction theodolite No. 11s. 
E. F. Dickins, observer. June 16 to 26, 1899. so-centimeter direction theodolite No. 115. A. T. 
Mosman, observer. 

Number Resulting direc-
of direc- Object observed tion from station 

ti on adjustment 

0 I II 

9 Los Angeles S. E. Base 0 00 00.00 

IO San Pedro 16 54 so.27 

JI Los Angeles N. W. Base 36 20 16.82 

12 Wilson Peak 84' 26 21. 16 

12 San Jacinto 221 2s 3s.38 

13 Santiago 26s 18 53.45 

14 Niguel 304 51 03.34 

Reduction Resulting 
to sea level seconds 

II II 

0,00 oo.oo 

+0.02 50. 29 

o.oo 16.82 

-o. 13 21. 03 

-0.05 3S·33 
-o. 13 53.32 

o.oo 03.34 

Correc-
ti on 

from base 
net ad-

justment 
II 

-o. 24 

+o. IO 

-o. 12 

+o.2s 

Correc
tion from 
adjustment 
third sec-

tion 
II 

Final 
'seconds 

in tri-
atW~~a-

II 

59.76 

50.39 

16.70 

21. 28 

+o. 82 · 36. 15 

+1. o8 54. 40 

+o. 46 03. 8o 

Circle used iii 17 positions in 1896, and in 12 positions in 1899. Probable error of a single observa
tion of a direction (mean D. & R.) in 18¢= ±011.70; in 1899 = ±011.92. 
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Wilson Peak, Los Angeles County, Cal. November 11 to 1s, 1896. so-centimeter direction theodolite 
No. 11s. E. F; Dickins, observer. November 13 to pece1nber 3, 1898. sO-centimeter direction 
theodolite No. us. A. T. Mosman, observer. 

Nu in- Correc- Corrcc- Correc- Final 
bcrof Resulting direc- Reduction ReRultlng lion lion from lion from seconds 

Object observed lion from station from base a~ustment adjustment in tri-di rec- adjustment to sea level seconds net ad- rst sec- third sec- an~la-ti on justment tion lion ttou 

0 II II II II II II II 

127 ' C11Stro 0 00 00.00 -0,03 00.03 +o. 18 oo. 21 

128 San Fernando 26 II 24.76 -0.04 24.72 +0.46 2s. 18 

3 San Jacinto 2II S3 3.6. 91 -o. lS ,;P.76 -0.87 3S·89 
17 San Juan 241 39 OI. 33 -0.04 or.29 -o.oS , .... 01. 2I 

4 Santiago 241 S9 38.8s -0.02 38.83 -o.s9 38.24 

s Niguel 261 36 S3·.JO -0,0I s3.29 -1. IS s2.q 

r8 Los Angeles S. E. 269 41 42.83 o.oo 42.83 -0.46 42.37 
Base 

19 Los Angeles N. W. 282 00 47· I4 o.oo 47. 14 +o.68 47.82 
Base 

20 San Pedro 308 21 21. 48 +0.03 2r.s1 -0.14 21. 37 

Circle used in 17 positions in 1896 and in 12 positions in 1898. Probable error of a single observa. 
tion of a direction (mean D. & R.) in 1896 = ± cl'.63; in 1898 = ± 111.09. 

Los Angeles Nortltwest Base, Los Angeles ~ounty, Cal. June 2 to 8, 18<)o. so-centimeter direction 
theodolite No. rrs. J. J. Gilbert, observer. ( G. Davidson, chief of party.) 

Number of Resulting direc- Reduction to Resulting 
Correction Final s.;c-

Object observed tlon from station for figure '?nds in 
direction. adjustment sea level seconds adjustment tnanguln-

, lion 

0 I' II II II II II 

4 Los Angeles S. E. Base 0 00 oo.oo o.oo 00,00 +0.31 00.31 
Las Bolsas 27 02 37.86 0.00 37.86 37.86 
Los Cerritos 74 2I r'o. r8 +0.01 IO, 19 10. 19 
San Pedro 91 03 14.97 +0.03 1s.oo -0.14 14.86 

2 Wilson Peak 216 44 48.16. o.oo 48. 16 -0.38 47.78 

3 San Juan 3o8 16 s8.93 o.oo s8.93 +o. 2I S9· 14 

Circle used in 47 positions. Probable error of a single observation of a direction (mean 
D. & R.) =±011.61. 

Los Angeles Southeast Base, O.-ange County, Cal. May 6 to 30, 1890. so-centimeter direction 
theodolite No. u5. J. J. Gilbert, observer. (G. Davidson, chief of party.) 

0 II II II II II 

6 Los Angeles N. W. Dase 0 00 00,00 o.oo oo.oo. -0.22 59. 78 

7 Wilson Peak 24 25 42.91 -o.o6 42. 85 -o. 13 42.72 
8 San Juan 91 56 42.07 +0.04 42. JI +o.6o 42. 71 

Las Bolaas 242 59 18. 91· 0,00 18.91 18. 91 

5 San Pedro 299 24 27.39 +0.01 27.40 -o.2s 27.15 

Los Cerritos 309 36 24. 94 0,00 24.94 24.94 

Circle u'sed in 47 positions. Probable error of a single observation of a direction (mean 
D. & R.)=±011.So. 



COAST AND GEODETIC SURVEY REPORT, 1904· 

Niguel, Orange County, Cal. December IO to 22, I898. so-centimeter direction theodolite No. J 15. 
A. T. Mosman, observer. 

Number of Resulting direc· Reductiou to Resulting 
Correction Final ~ec. 

Obje~ observed tion from station for figure ~nds m 
;dir...:tion adjustment sea level seconds adjustment tnat?!~la-

0 II II II II II 

9 Santiago, 0 00 00.00 +o. 13 00. 13 -0.05 00.08 

IO Cuyamaca 8o 23 42. 64 -o. 13 42. 51 -0.08 42.43 
ll Soledad 108 40 32.94 -0.02 32.92 -0.90 32.02 

6 San Pedro 254 55 35.74 -0.03 35.71 +0.64 36.35 

7 Wilson Peak 298 56 47.33 -0.09 47.24 +0.65 47.89 
8 San Juan 319 23 45.09 0,00 43.09 --0.27 42.82 

Circle used in 12 positions. Probable error of a singl~ observation of a direction (mean 
D. & R.)= ±o'1 .69. 

Santiago, Orange County, Cal. August 28 to September 2, 1899. 50-centimeter direction theodolite 
No. I 14, W. B. Fairfield, observer. (A. T. Mosman,· chief of party.) 

0 II II II II II 

20 Wilson Peak 0 00 oo.oo -0.02 -oo. 02 -0.75 59· 23 
21 San Juan 0 31 55.77 -0.04 55.73 -0.36 55.37 
15 San Jacinto 121 53 13.46 +0.07 13.53 -0.20 13. 33 
16 Cuyamaca 174 37 20. 76 --o. 15 20.61 +0.10 20.71 

17 Soledad 205 08 41.76 -0.0l 41. 75 +0.76 42.51 
18 Niguel 26o 40 19.94 +0.02 I9.96 -0.05 19. 91 

19 Sl!.n Pedro 313 41 II. 48 o.oo JI. 48 +0.50 II. 98 

Circle used in 12 positions. Probable error of a single observation of a direction (mean 
D. & R.) = ±o''.63. 

Cztyamaca, San Diego County, Cal. July 26 to August 27, 1899. 50-centimeter direction theodolite 
No. 115. A. T. Mosman, observer. 

Number 
of 

di rec· 
ti on 

2 

25 
26 

27 
28 

Object observed 

I San Miguel · 
Point Loma L. H. (old) 

I Soledad 

Niguel 

Santiago 

San Jacinto 

Tecate 

Bounda:ry Mon. 258 

Resulting 
direction from 

station 
adjustment 

0 II 

0 00 00.00 

I4 53 21. 21 

30 57 04.87 

73 01 23.02 

86 34 50. 04 
127 52 28.o8 

322 35 :0.7 
358 37 27.36 

Reduction to 
sea level 

II 

+0.06 

+o.or 

+o.or 
-0.02 

-0.13 

-0.04 

0.00 

Resulting 
seconds 

II 

oo.o6 
21. 22 

04.88 

23.00 

49.91 
28.04 

10, 7 

27.36 

Correc
tion from 
previous 
figure 

adjust
ments 

II 

+o.o8 
-0.02 

+0.34 
-0.39 

Circle used in I 2 positions. Probable error of a single observation of 
D. & R.) = ±o'1 .65. 

Correction 
from 

present 
ad3ustme11t 

II 

-o. 17 
•.... 

-o. 18 

a direction 

Final 
seconds 
in tri

angula
t10n 

II 

21. 05 

04.96 

22.98 

50. 25 

27.65 

27. 18 

(mean 
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San Jacinto, Riverside County, Cal. July 24 to 28, 1899. so-centimeter direction theodolite No. n4. 
W. B. Fairfield, observer. (A. T. Mosman, chief of party.) 

Correc- Final Number Resulting lion from Correction seconds of Object observed direction from Reduction lo Resulting previous from in tri-di rec- station sea level seconds fiJiure Ji resent 
tlon adjustment a JUSt· a justment a~fo'~a-

ments. 
0 II ,, II II II II 

29 Cuyamaca 0 00 00,00 -0.02 -00.02 +o. 16 00. 14 
• Santiago 8s s3 +0.04 34.63 +o.33 34.96 30 34.s9 

31 San Juan 100 44 04.o6 -0,02 04.04 -o. 18 03.86 

32 Wilson Peak 113 S9 31. 83 -o.o8 31. 7S -0.30 31.4s 
San Bernardino Meri-

dian ISO 4S 47.so 
San Bernardino, cairn IS4 os l3.3s 

Circle used in 12 positions. Probable error of a single observation of a direction (mean 
D. & R.)= ±o''.70. 

Soledad, San Diego County, California. January 6 to January 24, 1899. A. T. Mosman, observer. 
so-centimeter direction theodolite No. II5. 

0 II II II II II II 

Azimuth Mark 0 00 00,00 00.00 

24 Cuyamaca 8o IO 51. 14 +o.o6 5 r. 20 -o. 19 51. Ol 

San Miguel II9 36 4s.63 -0.05 4s.58 

3 Boundary Mon. 2s8 161 39 48.N o.oo 48.74 -0.36 48.38 

4 Point Loma L. H. (old) 178 07 50. 27 o.oo 50.27 +1.01 SI. 28 

22 Niguel 33° 31 45.46 -0.02 4S·44 +0.35 45. 79 
23 Santiago 346 19 42.71 -0.07 42.64 -o. 16 42.48 

Circle used in 12 positions. Probable error of a single observation of a direction (mean D. & R.) 
=±111.oB. 

Boundary !Jfonument 258. United States and Mexico. January, 1899. F. Morse, observer. 20-cen
timeter repeating theodolite Xo. 148. 

Num
ber of 
direc
tion. 

9 Soledad 

10 Cuyamaca 

Object observed. 

8 Point Loma Light-house (old) 

Resulting di
rection at 

station. 

O II 

0 00 00,00 

66 II 31. ~4 

343 43 18.39 

Point Loma Light-house (old), San Diego County, California. January, 
20-centimeter repeating theodolite No. 148. 

51 Soledad 
6 Cuyamaca 

, San Miguel 

7 I Boundary Monument 2s8 

0 II 

.o 00 00.00 

65 S9 16.51 

87 49 02.07 

147 IS 12. 34 

Al sea 
le\·el. 

II 

s9. 99 

31. 49 

18.39 

1899. 

II 

oo.oo 

16.63 

02.08 

I2. 34 

Correction Final sec-
from ad- ouds in 
justment. triangula-

lion. 
II II 

+o.¢ oo.9s 
-o. 13 31. 36 
-0.83 17.56 

F. Morse, observer. 

II 

-I. 31 

+0.77 

+0.54 

II 

12.88 

from the preceding abstracts of directions it may be seen that there was no 
uniformity among the observers as to the number of positions in which to put the 
horizontal circle of their instruments; thus Assistant Tittmann was satisfied with 
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seven, Assistant Mosman with twelve, Assistants Lawson and Dickins with thirty
three, while in one case Assistant Dayidson went to the extreme of fifty-one positions, 
thus shifting the circle after every series. The latter observer was also in the 
habit of making a half dozen, more or less, pointings with the eyepiece micrometer 
before reading the microscopes of the horizontal circle, in the place of the single point
ing of the telescope. In this practice he was followed at some stations by A,ssistants 
Lawson, Dickins, and Marr who acted, in part, under his direction. It is doubtful 
whether much advantage was gained by the use of the eyepiece micrometer, since•the 
telescope is likely to be disturbed in direction by frequent handling of the screw .. The 
climatic influence relative to proximity of the sea and altitude of station may also be 
a factor in the probable error e, of a single observation of a direction, that is, with 
telescope direct and telescope reversed. For the coast region between the Golden Gate 
and the Santa Barbara Channel and for the two so-centimeter theodolites with a 
large number of posi_tions, from 8 stations 

e,=±o".60; 
but for the ~anta Barbara region, and inclusive of 5 stations farther toward the 
Mexican boundary, with a small number of positions and no eyepiece micrometer 
measures,. from 14 stations 

e,=±o".78. 
The values of e, for the other two smaller and older instruments are, for the 45-cen

timeter circle from 7 stations, ±1". 17; and for the 30-centimeter circle at the same 
number of stations, ±1".27. The number of series taken at a station varies greatly, 
depending largely on the weather encountered, in order to secure a sufficient number 
of pointings on every signal. 

CONDITION EQUATIONS. 

In the following condition equations the numbers assigned to' the directions corre
spond to those shown in illustrations 2 to 4. The number of a direction inclosed in 
parentheses, thus ( 1), means the required correction to that direction. In each set 
of condition equations those which refer to closures of triangles are given first, those 
which refer to ratios of sides next, and the length equation last. In the side and 
length equations the absolute term is expressed in units of the sixth decimal place of 
logarithms. 

No. 

I 
II 

III 
IV 
v 

VI 

VII 
VIII 

IX 
x 

XI 
XII 

XIII 
XIV 

Yolo base net to Los Angeles base net. 

· o=+o. o89-(2)+(3)-(4)+(5) 
o=-o. 338+(2)-(5)+(6)-( II) 
O=-I. 1-1. 98( 2)+ I. 57(3)+ I. 86( II) 
0=+1. 294-( I)+(2)-(5J+(7)-(12)+(I3) 
o=+I. 345-(6)+(7)-(10)+( II)-( 12)+(14) 
0=+1. 1-3.49(I)+o.81(2)+1.77(5)-3~85(6)+2.o8(7)+0.26(12)-2.88(I3) 

+2. 62( 14) ' 
o=+o. 151-~9)+( 10)-(14)+(16)-(22 )+( 23) 
o=+o. 112- I5)+(16)-(19)+(20)-(22)+(24) 
0=-0. 404- 8)+( 9)-(19)+ ( 21)-(23 )+( 24) 
o=-o.2+I.39(8)--3.70(9)+2.31(10)+0.59(19)-2.86(20)+2.27(21)+4.27(22) 

-5.67(23)+1.40(24) 

o=-o. 239-t 17~+[ 19?-124j+l25)-f 3o?+l3Ij o=+o. 179- 18 + 19 - 24 + 26)- 32 + 33 ' 
0=+0.973- 17 + 18 - 29 + 31)- 3 + 34 
o=-2.6+0.85(17)-4.04 18+3·19(19i+2.71(29)-5.03(30)+2.32(31)+3.32(32) 

-3.23(33)-0.09(34) 
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Yolo base net to Los Angeles base net-Continued. 
No. 

:vi I ~~=~:~~=g~~+~~~~=1~i+rn~i=i1~ltt1~l 
XVII o=-o. 598-(d+(28)- 39 +(4x)- 43)+ 44) 

XVIII 0=+5.3+2. 87(34)-3. 31 35 +0.44(3 )+o. 2(39)-3. 61(40) + 2. 79(41) + 1. 93(42) 
-3.8o(43)+1.87(44) 

xii ~~t~:~~;=~1~lt~1~~={~j+~~~l=~~t~t~~~~ . . 
XXI o=-l. 6o7-b1)+(38)- 50 +(52)-(54)+(55) 

XXII 0==+23,2+5.58(37)-7.36(3 )+1.78(39)+0.82(44)-7.74(45)+6.92(46)+2.88(50) 
-2. 75(51)-0. 1?(52) , 

iiW ~~=::i~~=~!~lt~!~~+~1~l~~~;~=~~~lt~~l · · 
xxv · o==-8. 5+7. 74(45)-13. 31(46)+5. 57(47)+1. 90(49)-4. 65(50)+2. 7,?(s1)+3. 50(58) 
· --7. 50(59)+4. oo(6o) . 

xxv1 I 0==+1.s68-(48)+(so)-{55l+(s6)-(67)+(68) 
XXVII I 0==+2.226-(48)+(49)- 6o +(61)-(66)+(68) 

XXVIII o==-1. 7-0. 03(48)-1. 9<> 49 +1. 93(50)+3. 69(59)-4. oo(6o)+o. 31(61 )+1. 6o(66) 
-5. 20(67) +3· 6o~68) 

xi'ii ~~+~: ~~~=~~lt~6~l=~~~1+~~~~=~~glt~~~ 
XXXI 0==+1. 109-(62)+(63)-(69 +(1d-(18)+(19) 

XXXII o==+I. 2+0. 14(61·)-3. 12(62 +2. 98(63)+2. 33(64)-4. 52(65)+2. 19(66)+2. 57(78) 
-3. 09(79)+0. 52(8o) 

iiiW I ~~=~: ~~;=g~i+~~~~=(1~~1+~~~~=~~!lt~~~i 
XXXV I o==-o. 242-(7x)+(12)- 76 +(78)-(85)+(86 

XXXVI ·1 o==+4· s+2. 66(71)-3. 88 72 +1. 22(73)+3. 18( 1)-4. 10(8?)+0. 92(83)+0. 92(84) 
-6. 6o(85)+l. 68(86) . 

x~~~~~ ! ~~+~: ;z=~~~ t~~~=~~1+~~~~=1~!lt~~i 
XXXIX o==-o. 166-(74 +hsJ-(91 +(93)- 95)+(¢ 

XL 0==+2. 0+2. 29(74)-4. 19(75 +1. 90(7 J+I. 46( 6)-2. 37(87)+0. 91(88)+0. 91(94) 
-3.67(9s)+2.76(f:) 

XLI 0==+2. l3-(90l+(91 -196)+(99)-(104)+(105) 
XLII 0==+1.20-(97 +(99 ·- 101)+(102)-(104)+(106~ 

XLIII o==-1.48-(89 +(90 - 101)+(103)-(105)+(106 
XLIV 0==+4. 2+9. 65(89)-1 r. 27(90)+1. 62("91 )-f-I. 32( ¢ -3. 48(97)+2. 16(99)+1. 88(104) 

-9. 78(105)+7. 90(106) ' 
XLV o==-1. 94-( loo)+( 101)-( 106)+(107)-(112)+ (114) 

XLVI o==-o. 95-( 98)+( 99)-( 104)+ ( 107)-( I 12)+ ( u3) 
XLVII o==+6. 4+3. 69(97)-5. 85(98)+2. 16(99)+1. 88( 104)-3. 38(1o6)+1. 50(107) 

+0.43(112)-4.35(113)+3.12(114) 
XLVIII 

XLIX 
L 

LI 
LII 

~~t~:~g={<;~~?t~:~1=~;;~ +1::;1=~(;~~1+1:~~1 
o==-1. 86- 108)+(109 +(us - II9 - 124 + 125 
O==-I. 14- II7)+( Il9 -(121 + 122 - 125 + 126 
o==-9. 4+0. 003( 107)-4. ~o( 1o8)+4. 50( 109)-j-1. 8o(no )-3. 76( ln)+1. ¢(112) 

+1.59(121)-2.94(122)+1.15(123)+10.56(124)-14.68(125)+4.12(126) : 
LIII o==-I. 28-(120)+(121)-(126 +(128) 
LIV o==-o.01-(u8)+(119)-(125 +(127) · 
LV o==+s. 4+2. 49( u7)-2. 12( u8)-o. 37( n9)+4. 12(125)-6. 14( 126) 

-4.28(127)+~.83(128) 
LVI 0==+1.3+0.81(2J+1.7 (5)-3.85(6)+2.o8(7)--1.3 (8 +1.39(10)+0.26[12~ 

-0.26 14 -1,So 15 +1.8o(16 -2.47{17 +2.47 18 +2.27 20 -2.27 21 
+I. 40 22 ·-·2. 18 24 +o. 78\ 25 - r. o8 27 +I. o8 28 +2. 32 30 -2. 32 31 
+1. 25 33 -I. 69 34 +o,. 44136 -o. 75 37 +1. 57 39 -o. 82 41 
+1. 93 42 -I. 93 43 -2. 90 45 +2. 90 47 -2. 26 48 +2. 26 49 
+r.42 51 -1.42 52 +1.28 58 .,.-1,286o-o.14 61 +0.14 63 
-2. 33 64 +2. 33 65 +o. 26 66 -o. 26 68 +1. 76 69 -I. 76 70 
-3. 88 71 +3· 88 72 -1. 90f 74 +r. 90 76 +o. 52 78 -o. 52 8o 
+6.6o 85 -6.6o 86 -0.91 87 +0.91 88 -1.62(89 +1.62 91 
+o. 49 92 -o. 49 93 +o. 91 94 -o. 91 ¢ 2. 16(97)+2. 16 99 
-1.97 1ool+1.97(101)+0.77(102)--o.77 103)+1.88(104) 
-I. 88( 1o6 -o. 003 ( 107 )+o. 003( lo8)-1. So( no)+r. So( III) 
+o. 43~ II2 -o. 43( II4)+2. 25( u5)-2. 25( n6)-l. 46( II8) 
+1.46 Il9-1.59(121)+2.94(122)-1,35(123)+4.12(125)1 

-4.12 126 -~.67(127) . 



COAST AND GEODETIC SURVEY REPORT, 1904-

Los Angeles base net. 
No. 

I I o=-r.03- ~2~+ (3 - (6)+ (8)- (91+lII~ II 0=+0.10- 3 + (4 - {5)+ (6 -(14 + 16 
III O=-I.71- l + (2 -(II1+(121-(17 + 19 
IV I o=-0.84- (7l+ (8 - (9 +(12 -(17 + 18~ 
V o=+x. 26-(10)+(12 + 13 +(15 -(17)+ 20 

VI o=+o.So+ (1)- (4 - 13 +(t4 -(19)+(20 
VII i 0=+18. 2-1. 66( 2)+i. ~(3)-4. 05( 9)+6. 92( 10)-2. 87( It )-3. 90( 14)+II. 30( 15) 

I -1.40(16J 
VIII 

1

. o=-13. 8-I. 18(5)+5. 82(6)-4. 64( 7)-3. 97( 13)+7. 87(14)-3. 90( 16)-9. 64( 18) 
+13.89(19)-4.25(20) 

IX . o=-4. 8-1.18(5)-l-x. 17(6)+0. 01(8)-2. 87(9)+4. 75(n)-1. 88(12)-3. 97( 13) 

No. 
I 

II 
III 
IV 
v 

VI 
VII 

VIII 
IX 
x 

XI 
XII 

XIII 
XIV 
xv 

XVI 

XVII 

No. 

I +1. 87(14)-3,90(16)-2.47(17)+6. 72(19)-4. 25(20) · · 

Los Angeles base net to Soledad-Cuyamaca. 

0=-0.25+ ~2 - (5)- (6 + (7 
o=+o. 87+ l - (4 -(19 +(20 
o=+o. 84- l + (2 - (6 + (9 -(18)+(19) 
0=+2.53+ !5 - (7 + (8- 14 
0=+2. 15+ l - 13 - 19 + 21 
o=-f-2. 17- 9 +}n - 17 + 18 - 22)+!23) 
0=-0. 18- 9 +(10 - 16 + 18 - 26)+ 27 
O=-f-I.46- IO -f- tI - 22 -f- 24 - 25 -f- 26 
o=-f-o. 28- 15 + 16 - 27 + 28 - 29 + 30 ~::::':~ ;;=[;;Jtb :': ~H+(': - '"!+ j 
o=-f-2. 947-0. 0535( 1 +3. ~o8(4i-o. 0197( 19)-f-2. 266(20 )-2. 2463( 21) 
o=-o. 4+2. 22(2)-5. 8o(5)-f-1.00(6)-5. 63(7)+4.63(8) 
0=-0. I-IO. 56( I )-f-5. 23(2)-0. 57(6)-2. 4tl(8)+3. 03(9)-f-3. 38( 13 )-2. 55( 14) 
0=-6. 4+0. 14( 16)-1. 4~( 17 )-/-I. 31 ( 18)+8. 19( 22 )-7. 44(23)-0. 75(24) 

-f-2. 33(25)-II. o6(26)+8. 73(27) 
o=-f-11. 5+2. 46(8)-2. 81(9)+0. 35(10)-f-2. 19( 12)-4. 74(13)-f-2. 55( 14) 

~-8. 73(26)-11. 13(27)+2.40(28)+0. 15(29)-8. 14(30)+7.99(31) 
o=-0. 1-f-5. 35( l )-f-3. 68(3)-I. 28( 15)-f-I. 97(19)-0. 69(21)-f-7.99(30)-16. 92(31) 

+8. 93(32) 

Soledad-Cu.yamaca to Mexican boundary. 

Ii ~~±~: ~~=}~~+}~~=~~~+}~)) 
III o=-5.01.:__(3)+(4J-(5h(1)-(8)+(9) 
IV 0=+1. 5-f-7. 22( 1)-14. 54(2 )-7. 13(3)-1-7. 42(4)+6. 94(8)-7. 21 ( 9)+0. 27( 10) 

ACCURACY AS INDICATED BY CORRECTIONS TO 0BSERVUD DIRECTIONS. 

The corrections to observed directions resulting from the figure adjustments which 
precede are given below. The numbers of the directions are shown on illustrations 2 

to 4 as well as in the first column of the abstracts of horizontal directions. 



Number of 
direction. 

I 
2 
3 
4 
5 
6 
7 
8 
9 

IO 
II 
12 
I3 
I4 

' 15 
16 
I7 
18 I 

I9 ! 
20 
21 
22 
23 
24 
25 
26 
27 
28 

. 29 
30 
3I 
32 

Number of 
direction. 

I 
2 

3 
4 
5 

APPENDIX NO. 9. TRIANGULATION IN CALIFORNIA. 

Correction to 
direction. 

II 

+o.oII 
-0.234 
+0.328 
+0.326 
-0.325 
+0.313 
-0.314 
-0, 157 
+o.18g 
+o. 215 
+o.o65 
+0.555 
-0.504 
-o.0I3 
+0.006 
-0.045 
-0.055 
-0.018 
+0.015 
+0.042 
+0.016 
+0.074 
-0.071 
-o. 014 
+0.045 
-0.034 
-o.093 
-o.3I4 
+0.489 
-0.095 
+0.014 
+o. I2o 

Correction to 
direction. 

II 

-0, 375 
+o. 207 
+0.307 I 

=~: ~~~ 1/ 

Yolo base net to Los Angeles base net. 

I 

Number of Correction to Number of I Correction to I Numberof 
direction. direction. direction. direction. ' direction. 

I 
' 

II 

33 -0.074 651 
34 ~o.6o8 66 
35 +o. 3I7 67 
36 +0.245 68 
37 -0.370 69 
38 +I. 342 70 
39 -0.905 71 
40 +0.029 72 
41 -0.096 73 
42 -o, 302 74 
43 +o. 482 75 . 
44 +0.492 76 
45 +0.173 77 
46 -I. I58 78 
47 +0.314 79 
48 +o. 654 So 
49 -o.8o4 81 
50 +o. II4 82 
5I +0.390 83 
52 -0.353 84 
53 +r.179 85 
54 -0.440 86 
55 I -0.077 87 
56. -0.389 88 
57 -o. 273 89 
58 -0.797 90 
59 +0.927 91 
6o +o. I81 92 
6I +0.029 93 
62 -o.o86 94 
63 -'--o. 253 95 
64 I +0.028 96 

I 

Los Angeles base net. 

Number of Correction to J Number of 
direction. direction. 1 direction. 

6 
7 
8 
9 

10 

II 

-o. 2I7 
-o. I30 
+o. 598 
-0.2361 
+o. 104 

II 

12 
13 
I4 
15 

I 

II I +0.315 97 
+0.059 98 
+o. I57 ! 99 
-0.5591 IOO 
+0.302 IOI 
-o. 299 I02 
-0.402 103 
+o. 15I 104 
+0.249 105 
-o. 313 1o6 
-0.216 107 
+o. 202 l'.08 
+0.019 I09 
+0.324 IIO 
+o.o87 III 
-0.102 II2 
-0.235 Il3 
-0.032 u4, 
+o. 267 II5 : 
-o. 26I 116' 
+o. 086 II7 
-o. 347 II8 
+0.485 II9 
+0.037 120 
-0.330 I2I 
+0.657 I22 
-o.o83 123 
-0.467 124 
+0.223 I25 
-o. OI2 126 
+o. 313 127 
+0.076 128 

Correction to I Number of 
direction. direction. 

II 

-o. I2I 
+o. 253 
+o. I33 I. 

+o. 385 
-I. 215 

I6 
I7 
18 
19 
20 

Correction to 
direction. 

II 

-o. I88 
+o.28o 
-0.469 
-0.482 
+o.46o 
-0.273 
+o. 295 
+o. I30 
-0.714 
-0.056 
+0.407 
-o. 540 
+0.773 
-o. 272 
-0.020 
-0.555 
+o.868 
-0.02I 
+0.465 
-0.103 
-o. 558 
+0.420 
-o. 224 
-0.874. 
+0.310 
+o.28o 
+o. 283 
-0.327 
-0.468 
+0.368 
+o. I84 
+o. 464 

Correction to 
direction. 

II 

,+o. 698 
-o.oSo 
-0,456 
-0.676 
-o. I4I 
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Los Angeles base net to Soledad- Cuyamaca. 

Number of Correction to Number of Correction to Number of Correction to Number of Correction to 
direction. direction. direction. direction. direction. direction. direction. direction. 

II II II n 
I -o. 216 9 -o. 050 17 +o. 757 25 +o. o82 
2 -0.916 IO -0.078 18 -0.050 26 -0.019 
3 -o.86g II -o. 898 19 +o. 500 27 +0.335 
4 .-0.590 12 +0.820 20 -o. 744 28 -o. 393 
5 -I. 154 13 +i. 075 21 -o.36o 29 +o. 164 
6 +0.640 14 +0.458 22 +o. 350 30 -j-0.323 
7 +0.652 15 -o. 1g8 23 -o. 163 31 -0, 183 
8 -o. 265 16 +0.0¢ 24 -o. 187 32 ·-0.304 

Soledad-Cuyamaca to Mexican Boundary 

Number of Correction to Number of I Correction to Number of Correction to 
direction direction direction direction direction direction 

II II II 

I -o. 18 5 -I. 31 8 -0.83 
2 -o. 17 

I 

6 +0.77 9 +0.96 
3 -0.36 7 +o.54 IO -o. 13 
4 +1.01 

I 

The maximum correction to a direction in the first section was 111.34, to the direc
tion from Castle Mount to San Luis. The maximum in the second section, the Los 
Angeles base net, was 111.22, to the direction from San Pedro to San Juan; in the third 
section, r". 15, t0 the direction from Wilson Peak to Niguel, and in the fourth section, 
1".31, to the direction from Point Loma Light-house (old) to Soledad. Of the5osections 
of triangulation of which statistics were printed in Appendix 4, Report for 1903 (pp. 870-
871 ), there were 17 for which the maximum correction was greater than 111.34 and 24 
for which it was less than 111

• 15, the extremes in this triangulation. 
The probable error of an observed direction is: 

/;Ev' 
·a=o.674V,-c-

in which ~v' is the sum of the squares of the corrections to directions and c is the 
number of conditions. 

The probable error for observed direction for each of the four sections is as follows: 

Yolo base net to Los Angeles base net. ............ ±011. 41 from 128 directions 
Los Angeles base net. ............................. ±011

• 44 from 20 directions 
Los Angeles base net to Soledad-Cuyamaca. . . . . . . . ±011

• 50 from 32 directions 
Soledad-Cuyamaca to Mexican boundary .......... ±011• 78 from 10 directions 

As this is the most severe and, therefore, the best test of the accuracy of a triangu
lation, another reference to the statistics of the 50 sections of primary triangulation 
should be made. This places these four sections as serial Nos. 29, 32, 39, and 49 of 
that table when arranged according to their accuracy. The mean for all four sections 
is ±0.45, which places it as No. 33 of that list 
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ACCURACY AS INDICATED BY CORRECTIONS TO ANGLES AND CLOSURES OF TRIANGLES. 

The correction to each angle is the algebraic sum of the corrections to two direc
tions. In order to make it possible to study the corrections to the separate angles, they 
are shown in the following table for every triangle in the primary· scheme from the 
Yolo base net to the Mexican boundary, together with the error of closure of the 
triangles, the corrected spherical angles, and the spherical excess. The plus sign 
prefixed to the error of closure of a triangle indicates that the sum of the angles is less 
than 180° plus the spherical excess. The spherical excess is a convenient indication of 
tlie size of the triangle, since it is proportional to the area. 

Yolo base net to Los Anl[eles base net 

Corrections to Error of Corrected spherical Spherical Stations closure of angles triangle angles excess 

II II 0 II II 

Moc ho -o. I66 26 I6 I3.oo8 
Mount Tamalpais * +0.422 +o. 27s 23 47 56.387 6.43s 
Mount Diablo +o.0I9 I29 SS s7.040 

Sierra Morena -o.6sI . S7 27 09.0I3 
Mount Tamalpais +o. 328 -o.o89. 61 37 29.974 8.397 
Mount Diablo +o. 234 6o SS 29. 410 ' 

Sierra Morena +0.638 49 S3 07.I62 
Mount Diablo -o. 234 +0.338 69 00 27.630 8. I78 
Mocho -o.o66 6I o6 33.386 

-Sierra Morena -0.013 Io7 20, I6. I75 
Mount Tamalpais +0.328 +o. 249 37 49 33.s87 IO. I.40 
Moc ho -o.o66 34 so 20.378 

Loma Prieta +o.49I 36 II 04.456 
Mount Diablo +0.011 -+0.287 31 os s4.364 6. I75 
Mocho -0.2IS 112 43 07.3ss 

Loma Prieta -I. os9 46 SI 4S·970 
Sierra Morena +0.011 -I. 294 9S I3 49. 174 8.409 
Mount Diablo -o. 246 37 S4 33. 265 

Loma Prieta -o. s68 83 02 50.426 
Sierra Morena -0.627 -l.34S 4S 20 42. 012 6.4o6 
Macho -o. ISO SI 36 33.968 

Santa Ana -0.026 42 50 I4.583 
Loma Prieta +o.0I9 +o. 36s 8o 33 2I. 932 7.09s 
Macho +0.372 56 36 30.58o 

Mount Toro -o. I4S 20 22 IO. Sos 
Loma Prieta -o. 032 -o. I51 130 00 01.482 6.373 
Macho +o. 026 29 37 54.o86 

Mount Toro -o.o88 s6 I8 32.776 
Loma Prieta -0.051 -o. 112 49 26 39.550 7.762 
Santa Ana +0.027 74 14 55.436 

Mount Toro +o. o57 3S 56 2I. 97I 
Macho +o._346 +0.404 26 58 36.494 8.484 
Santa Ana +0.001 117 05 10,019 

•Reprinted from p. sBB of Special Publication No. 4, 

rn277--04--36 
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Yolo base net to Los Angeles base net-Continued 

Corrections to Error of Corrected spherical Spherical 
Stations closure of angles triangle angles excess 

II . II 0 II II 

Hepsedam +o. 109 42 17 43.327 
Mount Toro +0.059 +o. 239 6g 40 43.759 9.518 
Santa Ana +o. 071 68 or 42.432 

Santa Lucia -o. 193 33 07 l7.48o 
Mount Toro -0.020 -o. 179 Il9 21 05.520 5.430 
Santa Ana +0.034 27 31 42.430 

Santa Lucia -o. 728 92 30 2.p~31 
Mount Toro -o. 079 -I. 391 49 40 21. 761 6.545 
Hepsedam -o. 584 37 49 19.953 

Santa Lucia -o. 535 59 23 07.351 
Santa Ana +0.037 -0.973 40 30 00.002 10.633 
Hepsedam -q.475 8o o6 03. 28o 

Rocky Butte +o. 785 47 32 29.783 
Santa Lucia +o. 853 +2.441 78 04 28.396 ·8. 782 
Hepsedam +o. 8o3 54 23 IO. 6o3 

Castle Mount -o. 125 30 is 49.770 
Santa Lucia +o. 926 +r. 383 32 28 00.954 7.712 
Hepsedam +o. 582 117 16 16.988 

Castle Mount +0.934 38 25 o6.514 
Rocky Butte +o. 794 +1.656 95 58 37.355 II. 312 
Santa J,ucia -0.072 45 36 27.443 

Castle Mount +o. 809 68 40 56.284 
Rocky Butte +o. OIO +0.598. 48 26 07.573 10.242 
Hepsedam -o. 221 62 53 o6.385 

San Luis -1. 619 61 30 4r. 4,79 
Rocky Butte ,-I. 650 -5.515 68 40 SI. 354 10.591 
Castle Mount -2.246 49 48 37. 758 

San Jose -o. 743 56 02 56.990 
Rocky Butte -0.319 -I. 597 53 28 15. 135 l I. 943 
Castle Mount -o.535 70 28 59.818 

San Jose -0. 467 
i~ 

30 48. 745 
San Luis +0.362 +r. 6o7 48 53.935 4.741 
Castle Mount +1. 712 20 40 22. o61 

San Jose +o. 276 37 27 SI. 755 
San Luis -I. 256 -2. 311 127 19 35.415 3.38g 
Rocky Butte -I. 331 15 12 36.219 

Lospe +o. 978 58 46 49.621 
Rocky Butte +o. 140 +2. 3II 35 55 05.998 l I. 546 
San Jose +r. 193 85 18 15.927 

Ipspe +r. 724 31 00 49.427 
Rocky Butte +1. 472 +4.648 20 42 29.78o 5.324 
San Luis +r. 452 128 16 46. II7 

Lospe -o. 747 27 46 oo. 193 
San Luis -o. 1g6 -0.026 104 23 38.468 2.833 \ 
San Jose +0.917 47 50 24. 172 

Tepusquet -o. ir6 30 20 49.947 
San Luis -o. 312 -I. 568 58 51 44.3o8 3· Il4 
San Jose -0.540 90 47 28.859 ' 



APPENDIX NO. 9. TRIANGULATION IN CALIFORNIA. 523 

Yolo base net to Los Angeles base net-Continued 

Corrections to Error of Corrected spherical Spherical 
Stations. closure of angles triangle angles excess 

II II 0 II I/ 

Tepusquet -0.617 83 OJ 56.7o6 
Lospe -o. 152 -2. 226 53 59 03.019 4.412 
San Jose -I. 457 42 57 04.687 

Tepusquet +0.098 52 43 00.758 
J.,ospe -o.8<)8 -0. 684 81 45 03.213 4. 131 
San Luis +o. II6 45 31 54· l6o 

Arguello -o. 6or 50 or ~.843 
Lospe -o. 282 ·-I. 139 86 03 . III 3.381 
Tepusquet -o. 256 . 43 54 55.427 

Gaviota -0.189 41 56 00.352 I 

Lospe -o. II4 -o. 272 52 04 21. 721 4.409 
Tepusquet +0.031 85 59 42.336 

Gaviota -0.426 76 12 10.052 
Arguello -0.103 -o. 242 61 43 06.894 3.855 
Tepusquet +o. 287 42 04 46.909 

Gaviota -o. 237 34 16 09.700 
Arguello -o. 704 -1. 109 III 45 o6. 737 2.827 
Lospe -0. 168 33 58 46.390 

New San Miguel +o. 202 33 29 59.743 
Arguello +0.651 +1. 157 59 59 40.129 4.732 
Gaviota +0.304 86 30 24.86o 

Santa Cruz Wl!!lt -0.085 66 19 05. 178 
New San Miguel +0.300 +0.032 66 22 57.919 5.469 
Gaviota -0.183 47 18 02.372 

Santa Cruz West +o. 347 48 37 22.617 
New San Miguel +o. 502 +o. 947 99 52 57.662 6.778 
Arguello +o. 098 31 29 46.499 

Santa Cruz West -0.433 17 41 42.56o 
Arguello +0.554 +o. 242 28 29 53.631 3.423 
Gaviota +o. 12I 133 48 27. 23:1 

Santa Barbara +0.690 76 48 03.022 
Santa Cruz West +o. 832 +2.037 55 18 31.563 4.665 
Gaviota +o. 515 47 53 30.o8o 

Santa Cruz East +o. 325 36 50 59. 785 
Santa Cruz West +0.383 +I. 127 12! 55 22.325 3. 815 
Gaviota +0.419 21 13 41. 705 

Santa Cruz East +o.o88 66 41 4r. 847 
Santa Cruz West -o. 449 -0.744 66 36 50.762 3. 144 
Santa Barbara -o. 383 46 41 30.535 

Santa Cruz East -0.237 29 50 42.o62 
Gaviota +o.097 +o. 166 26 39 48.376 3.994 
Santa Barbara +o.3o6 123 29 33.556 

Chaffee +0.57 69 47 58. 70 
Santa Cruz East -0.26 +0.55 57 52 57. 14 3.o8 
Santa Barbara +0.24 52 19 07.24 

Laguna .-0.84 36 ~ 
08.79 

Santa Cruz East -0.55 -2.13 102 57. 47 4.76 
Santa Barbara -0.74 41 43 58.50 
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Yolo base net to Los Angeles base net-Continued 

Corrections to Itrror of Corrected spherical Spherical 
Stations. closure of angles triangle angles excess 

// /I 0 // // 

Laguna +o.66 12 o8 49.5I 
Santa Barbara +0.99 +I.48 IO 35 o8. 75 I. 19 
Chaffee -o. 17 I57 I6 02.93 

Laguna -o. 19 48 17 58. 29 
Santa Cruz East -0.28 -I. 20 44 I4 00.34 2.87 
Chaffee -o.,73 87 28 04.24 

Santa Clara :_o, 89 25 50 24. IO 
Santa Cruz East +0.47 -0.21 19 47 13. 8g I. 71 
Chaffee +o. 2I I34 22 23.72 

SanUI. Clara +1.42 52 41 44.90 
Laguna +0.28 +0.95 I02 SI 3r. 44 2.79 
Santa Cruz East -o.75 24 26 46.45 

Santa Clara +0.54 78 32 09.or 
La&"l!na +0.46 +r. 94 54 33 33. 14 I. 63 
Chaffee +0.94 46 54 I9.48 

Castro -0.57 43 05 43. II 
Laguna -o.95 -2.05 89 55 34.27 I. 59 
Santa Clara -o.53 46 58 44. 2i: 

San Fernando o.oo 57 15 59.27 
Castro -0.45 -0.20 73 I8 20.51 '2. 76 
Santa Clara +0.25 49 25 42.gS 

San Pedro -o. 14 II 16 24.82 
Laguna +J. 3I +I.86 25 03 SI. 09 2. I9 
Castro +0.69 143 39 46;28 

San Pedro +0.84 27 04 26.68 
Castro +0.33 +I. 14 99 56 IO. JO 4.49 
San :Fernando -0.03 52 59 27.71 

Wilson Peak +0.28 26 II ·24.97 
Castro +o.gS· +2.41 44 46 22.56 3.92 
'San Fernando +r. 15 109 02 16.39 

Wilson Peak +o. 18 51 38 38. 84 
San Pedro +0.47 +0.01 73 II 41. 63 8.02 
Castro -0.64 55 09 47.55 

Wilson Peak +0.46 77 50 03. 81 
San Pedro -0.37 +1. 28 46 Oj I4.95 7.45 
San Fernando +i. 19 56 02 48,6g 

Los Angeles base net. 

/I II 0 I/ II 

San Juan , +o.II 36 20 16.'93 
Los Angeles Southeast Base +0.82 +,r. 03 9I 56 42. 93 I. 03 
Los Angeles Northwest Base +o. IO 51 43 OJ. I7 

San Pedro +0.32 28 21 14. 25 
Los Angeles Northwest Base -o.45 -o. IO 91 03 14.55 I. 43 
Los Angeles Southeast Base +0.03 6o 35 32.63 

San Juan -0.22 19 25 26.31 
San Pedro -I.6o -2. 16 17 48 19.42 1.46 
Los Angeles Northwest Base -0.34 142 46 15.73 
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Los Angeles base net-Continued 

Corrections to Error of Corrected spherical Spherical Stations closure of angles triangle angles excess 

II II 0 II II 

Los An5;les Southeast Base +0.84 lS2 32 rs.ss 
Sa1'1 Pe o · +1.91 +3·09 IO 32 s4.82 I. 00 
Sau Juan +0.34 r6 S4 50.63 

Wilson Peak +0.76 40 21 46. 6r 
San Juan +0.37 +r. 71 48 o6 04.s8 2.s4 
Los Angeles Northwest· Base +o.s8 91 32 II. 3S 

Wilson Peak -0.38 28 02 4r. 16 
Sau Juan +0.49 ·to.84 84 26 21. 52 2.67 
Los Angeles Southeast Base +0.73 67 30 ·s9. 99 

Los Angeles Northwest Base +o.68 143 rs r2.s2 
Wilson Peak +1. 13 +r.90 12 19 os.44 0.90 
Los Angeles Southeast Base +0.09 24 2S 42.94 

Wilson Peak -0.06 66 42 20. 16 
Sau Juan +o.1s -I. 26 67 31 30.89 6.24 
Sau Pedro -r.3s 4S 46 rs. 19 

Wilson Peak +0.32 g~ 39 39.00 
L<:-s An5ieles Southeast Base +0.12 +r.oo 01 15.57 4-58 
San Pe ro +0.56 56 19 IO.QI 

Los An!:les Northwest Base -0.23 I2S 41 32.93 
Ss:n Pe o +o.2s -o,So 27 S7 ss.77 2.2s 
Wilson Peak -0.82 26 20 33.ss 

Los Angeles base net to Soledad-Cu.yanzaca 

II II 0 II fl 

Niguel +o.or 44 OI II. S4 
San Pedro -0.91 +0.25 89 14 28.42 9. 19 
Wilson Peak +1. IS 46 44 29- 23 

Niguel -0.91 64 28 o6.47 
San Pedro -0.92 -2.29 43 28 13. 22 6.28 
Sah Juan -0.46 72 03 46.s9 

San Juan -0.46 1~9 3S 17.48 
NiNuel -0.92 -2.s3 20 26 54.93 3.34 
W1 son Peak -I. lS 19 S7 so,93 

Santiago -I, 2S 46 18 47.2s 
San PeCl.ro -o. 21 -0.87 67 19 39.87 lo.2s 
Wilson Peak +o.s9 66 21 43. 13 

Santiago -o.86 46 so 43.39 
San Pedro -o. 21 -2. IS 2I 33 '24. 68 4-o6 
San Juan ·-1.o8 III 3S SS·99 

Santiago -0.70 99 19 39.32 
Ni~el -0.70 -I. 96 61 03 12. 19 5.41 
Wilson Peak -o.s6 19 37 13.90 

Santiago -0.31 99 SI 3s.46 
Niguel +0.22 -0.71 40 36 17.26 2. 12 . 
San Juan -0.62 39 32 09.40 
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Los Angeles base net to Soledad-Cuyamaca-Continued 

Corrections to Error of Corrected spherical Spherical Stations closure of angles triangle angles excess 

II II 0 II II 

Santiago +o. 385 0 31 56. 135 
Wilson Peak -o. 590 -1. 278 0 20 37.030 0.052 
San Juan -r. 073 179 07 26.887 

Niguel - -0.69 105 04 23.73 
San Pedro -0.70 -0.84 21 54 48.55 4- 35 
Santiago +0.55 53 00 52.07 

San Jacinto -0.63 28 00 56.49 
Sa'ntiago +0.55 +0.20 121 53 14. 10 12.94 
Wilson Peak +0.28 30 o6 02, 35 

San Jacinto -o. 12 13 IS 27.59 
San Juan +0.82 +1.57 136 59 14.87 7. 78 
Wilson Peak +0.87 29 45 25.32 

San Jacinto -o. 51 14 45 28.90 
Santiago +0.16 -0.09 121 21 17.¢ 5. II 
San Juan +0.26 43 53 18. 25 

Cuyamaca -0.73 41 17 37.40 
Santiago +0.29 -0.28 52 44 07.37 19.58 
San Jacinto +0.16 85 58 34.81 

Niguel -0.03 So 23 42.35 
Santiago -0.15 +0.18 86 02 59. 20 8.82 
Cuyamaca +0.36 13 33 27. 27 

Soledad -0.51 15 47 56.69 
Niguel -0.85 -2.17 108 40 3r. 94 6.03 
Santiago -0.81 55 31 37.40 

Soledad -0.02 93 51 o8.54 
Santiago +o.66 +o. 90 30 31 2I. So 15.63 
Cuyamaca +0.26 55 37 45.29 

Cuyantaca -0.10 42 04 18. 02 
Soledad -0.54 -r. 46 109 39 05. 22 12.83 
Niguel -0.82 28 16 49.59 

Soledad-Cuyamaca to Mexican boundary. 

II II , 0 II II 

Boundary Monument 258 -1.o8 66 II 30.42 
Soledad -0.36 -r.26 81 28 57.37 5.57 
Cuyamaca +0.18 32 19 37. 78 

Point Loma Light-house (old) +2.o8 65 59 18. 71 
Soledad +r. 01 +3· 26 97 57 00, 27 2.89 
Cuyamaca +0.17 16 03 43. 91 

Point Loma Light-house (old) -0.23 81 15 55.48 
Cuyamaca +0.02 +0.49 16 15 53.88 3. 16 
Boundary Monument 258 +0.70 82 28 13.So 

. Point Loma Light-house (old) +r. 85 147 15 14. 19 
Soledad +r. 37 + 5.01 16 28 02.90 0.48 
Boundary Monument 258 +I.79 16 16 43. 39 
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The maximum correction of any angle is 2".25, to the angle at Castle Mount between 
San Luis and Rocky Butte in the section Yolo base net to Los Angeles base net. 

The statistics as to closures of triangles and in regard to the mean error of an angle, 

a= /:E L1• (in which ::i L1• is the sum of the squares of the closing errors of the trian'V 3n 
gles, and n the number of triangles), are given in the following table: 

I . . I b f 1 Number of I Number of J 
Section Nu?J- er 0 1 plus ctos- minusclos-1 Average ! :\laxitnun1 ?.lean error 

'"""'"' I ·~· .... I closure 

! . 
closure of an angle 

// ; // II 

Yolo to Los· Angeles 54 28 26 

I 

I. 16 5. 52 ±0.91 
Los Angeles base net I lO 6 4 l. 39 3.09 ±0.91 
Los AnJ;eles to Soledad I 17 5 I2 l. 16 2.53 ±0.82 
Soleda toMexicanboundary: 4 3 I 2.50 5.or . ±I. 78 

I i 
Whole triangulation. i 8.s 42 43 ! 1.25 5.52 ±0.93 

I ; 

The following general comparison may be made for triangulation extending over a 
considerable portion of the United States and nece8sarily embracing various conditions 
as to climate, topography, and length of lines: 

Average a 
(mean closing error value) 

II II 

California triangulation I. 25 ±0.93 
Eastern oblique arc I, 19 ±0.82 
Transcontinental triangulation I.o6 ±0.77 
Ninety-eighth meridian l?revious to 1902 0.67 ±0.46 
Ninety-eighth meridian m 1902 0.94 ±0.72 

THE . ACCORD OF BASES. 

The accord in length between the Los Angeles Base as measured and its value as 
computed through the triangulation from the Yolo Base furnishes a valuable test of the 
accuracy of the triangulation. 

In solving the normal equations of the figure adjustment, the length equation was, 
as usual, assigned to the last place, so that the discrepancy in length, after all the con
ditions relating to closures of triangles and ratios of lengths had been satisfied, became 
known. It developed that the Los Angeles Base was longer as measured than as com
puted through the triangulation by an amount equivalent to forty-one, exprei;sed in 
terms of the seventh decimal place of logarithms, or, expressed as a ratio, TI~'U'lf· Com
paring this with the ninety-eighth meridian triangulation as a standard, it develops 
that, of the seven similar discrepancies already published, only two are smaller. 

TREATMENT OF THE SUBORDINATE TRIANGULATION. 

The method of treatment of the observations by the computer may, in general, be 
stated briefly as foll~ws: starting from the results of the primary triangulation, whose 
adjustment is treated in the earlier part of this Appendix, the position of that particular 
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station which is connected most strongly with the main triangulation is first fixed by 
adjustment, taking into consideration the lines directed to it from :Primary stations as 
well as lines diverging from it and intersecting the latter. Should there be more than 
one such point, say two or more, having equal strength of connection, they are treated 
together in one least square adjustment. 

In this manner, point after point is adjusted in position, so that the sum of the 
squares of the corrections to the observed horizontal directions shall be a minimum, the 
geometrical relations of the preceding points being always considered as fixed with 
respect to the vari.able elements of the new point under treatment. The principal 
secondary and tertiary stations having thus become known in position, the less impo!
tant tertiary positions are determined in the same systematic though somewhat less 
elaborate manner than that followed for the principal stations, but generally wi.th a 
least square adjustment which used only three or four lines to the point. Where more 
directions had been observed, each line so observed was fixed in azimuth and length by 
solving a triangle which had the ends of this line as two of its vertices and any one of 
the points, already fixed and connected directly with' these, as its third vertex. Such 
a triangle had two of its sides already fixed in length and the difference of the fixed 
directions at the third vertex made the required included angle for its solution~ The 
final _result of this systematic treatment may be summarized by stating that no discrep
ancy remains in the results themselves, and that the length and direction of any side of 
a triangle may be computed from any starting side, and through any series ofconnect
ing triangles, and yet the same results will be reached. 

Whenever, in the course of adjusting a chain of subordinate triangulation, it closes 
a loop on the primary triangulation, disclosing a discrepancy in latitude and longitude, 
or in latitude, longitude, azimuth, and length, a further least square adjustment of this 
subordinate triangulation was made to distribute this discrepancy. 

ACCURACY OF THE SUBORDINATE TRIANGULATION. 

Very little information is available by which the accuracy of small triangulations 
may be judged. It seems advisable to follow the computer in a general survey of these 
triangulations to disclose the discrepancies which developed, and, where a loop has been 
closed on the primary, the error of closur~ with a definition of the meaning of such 
closure. Each of the sixteen sections in which there are closed triangle;; will be treated. 
These sections are shown on the sketches at the end of this Appendix. 

MEXICAN BOUNDARY TO POINT LA JOLLA. 

All of the triangulation in this group depends for its length and azimuth on 
the· two lines, Soledad-Boundary Monument 258 and Soledad-Point Loma Light
house (old). The old San Diego Base measured in May, 1851, with four meter iron 
rods, was not allowed to affect the lengths of the later triangulation, and the discrep
ancy of 17 in the sixth decimal place of logarithms was distributed through the three 
triangles of 1851 adjoining the base. The greater portion of this triangulation was 
executed by Assistant A. F. Rodgers, who used a IO-inch Gambey repeating theodolite • 
and employed the method of directions. Generally two sets of directions were taken; 
138 triangl_es had an average dosure of 6". I an~ a maximum of 30". 2. 
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POINT I,A JOI,I,A TO SAN MATEO POINT. 

The triangulation 9f this section was all executed by Assistant A. F. Rodgers in 
1886 and 1887, in the manner described in previous paragraph, and serves to join the 
ends of the long primary line, Soledad-Niguel, thus forming a loop of triangulation 
with that line. The length at the north and west end is furnished by the triangulation 
of the section San Mateo Point to Newport Bay and at the south and east end by 
the triangulation described in the previous paragraph. The length as .computed from 
the south was shorter than the length from the north by an amount equivalent to 
108, expressed in terms of the sixth decimal place, or expressed as a ratio, 114000; 
108 triangles have a mean closing error of 611 .7 and a maximum .of 36".7. The 
azimuth computed from the south was smaller than that from the north by 21".9. The 
latitude and longitude were smaller from the south than from the north by o" .352 
and o".271, respectively. This is equivalent to a distance of 12.9 meters. If this narrow 
chain of coast triangles be considered as a straight line.as long as Soledad-Niguel, and 
lying at the same angle with the meridian, it would be necessary to increase the length 
of the line one part in 6 800, and decrease its azimuth by o".9. 

SAN MATEO POINT TO NEWPORT BAY. 

The triangulation of this section was in great part executed by Assistant 
A. F. Rodgers in 1884, the balance by Assistant A. W. Chase in 1874 and 1875. 

The method of repetitions was employed throughout the section; twelve repetitions 
were observed on each angle and several condition angles were measured; 238 triangles 
have a mean closing error of 611 .3 and a maximum of 2511 .7. This section depends for 
its length on the line Los Cerritos-Las Bolsas of the primary scheme. 

NEWPORT BAY TO POINT DUME. 

The triangulation of this section was done at many different dates, from 1855 to 
1899, and the method of repetitions was used almost entirely. The section depends for 
its control both in length and. azimuth on several lines of the' primary triangulation; 85 
triangles have a mean closure of 811 .9 and a maximum of 40".3. 

POINT DUME TO SANTA BARBARA. 

This section comprises triangulation covering several seasons, 1862-63 and 1866 
and 1867, and the observations were made by Assistant W. E. Greenwell, using the 
method of repetitions. The. triangles at the east end of the section depend for their 
length and azimuth on the two primary lines, San Buenaventura-Laguna and San 
Buenaventura-Chaffee. At the west end of the section the primary line Santa Barbara
Santa Cruz West provides the position, length, and azimuth. The primary line Santa 
Barbara-Chaffee, therefore, forms a loop of triangulation °with the smaller triangles 
along the coast; 42 triangles in this section which are involved in this loop have a mean 
closing error of 311 .2 and a.maximum of 8".9. 
• The length as computed from the east was longer than the length from the west 
by an amount equivalent to 31, expressed in terms of the sixth decimal place, or 
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expressed as a ratio, 1/ 14000. The azimuth computed from the east was smaller by o".2 
than that from the west. The latitude from the east was larger and the longitude 
smaller than from the west by o".009 and o''.004, respectively. This is equivalent 
to a distance of only 0.295 meter. If this chain of coast triangles be considered as a 
straight 'line as long as Chaffee-Santa Barbara, and lying at the same angle with the 
meridian, it would be necessary to increase the length of the line one part in 130 ooo, 
and decrease its azimuth by o". l. 

SANTA BARBARA TO POINT ARGUELLO. 

This section of triangulation was executed in the years 1863, 1869, 1872, and 1874. 
At the west end the length for this section is furnished by the primary line Arguello
Point Conception ·Light-house; and at the east end the primary line Santa Barbara-Santa 
Cruz West determines the length. The length as computed from the east was shorter 
than the length as computed from the west by an amount equivalent to 242, expressed 
in terms of the sixth decimal place, or, expressed as a ratio, l i 1 800. The triangulation 
forms a loop on the primary line Point Conception Light-house-Santa Barbara; 65 
triangles involved in this loop have a mean closing error of 6".o with a maximum 
of 15".5. 

The azimuth computed from the east was smaller than that from the west by 20". 
The latitude and longitude were smaller than from the west by o".067 and o".329, 
respectively. This is equivalent to a distance of 8.65 meters. If this narrow chain of 
coast triangles be considered as a straight line as long as the line Point Conception Light
house-Santa Barbara and lying at the same angle with the meridian, it would be neces
sary to increase the length of the line one part in 8 200 and increase its azimuth by 4".3. 

SAN CLEMENTE ISLAND. 

The triangulation of this island depends for its length on the base line measured 
by Assistant W. E. Greenwell in 1862. This base, 807.926 meters long, was measured 
with the 8-meter wooden bars Nos. r and 2, and the bars tested by a standard meter 
scale; 33 triangles on this island have an average closure of 611

.2 and a maximum 
of 17"· l. 

The triangulation station Boulder was observed and computed as a primary point, 
though without a check on its position. The line Boulder-Harbor was considered fixed 
as so computed and the triangulation with its length from the 1862 base formed a loop on 
this line. No length and azimuth discrepancies were developed directly. The latitude 
and longitude.from the north and west were smaller than found at Boulder by o".250 
and o".208, respectively. This is equivalent to a distance of 9.4 meters. If this 
narrow chain of triangles be considered as a straight line as long as Boulder-Harbor 
and lying at the same angle with the meridian, it would be necessary to decrease the 
length of the line one part in 1 500 and decrease its azimuth by 511

• 9. 

SANTA CATALINA ISLAND. 

The triangulation of this island depends for its length on the primary line West 
Peak-Catalina Peak, and on a short base line measured in 1875 by Assistant Forney, 
who also executed the triangulation. This base, 756.954 meters in length, was 
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measured with the 4-meter iron bars Nos. 3 and 4. The lengths of the lines on the 
west end of the island are controlled entirely by this base, and those of the east end 
by both the. base and the primary line. That is, these lengths were derived through 
the line Catalina Peak-Cliff, as computed from the triangle Catalina Peak-West Peak
Cliff, holding as fixed three parts, namely, the length of the primary line West Peak
Catalina Peak, the length of the line West Peak-Cliff computed from the base, and the 
included angle at West Peak. Seventy-three triangles have an average closing error of 
4".1 with a maximum of 1211.8. 

SAN NICOLAS AND SANTA BARBARA ISLANDS. 

The triangulation of San Nicolas Island depends for its length on a base line 
measured with a chain by Assistant \V. E. Greenwell in I858. This base is 77r.26 
meters long. The position and azimuth for the triangulation come through the station 
San Nicolas, observed from the primary stations Anacapa and Santa Barbara Island; 
19 triangles on this island have an average closing error of 8". 6 and a maximum of 35". r. 
On Santa Barbara Island, Assistant A. \V. Chase measur~d with a 20-meter chain a base 
600.00 meters in length, which is ample to control the few triangles of the island. The 
position and azimuth come from the primary station, Santa Barbara Island. 

SANT A CRUZ ISLAND. 

The length of the primary line New San Miguel-Santa Cruz West supplies the 
length for the triangulation of Santa Cruz Island. The base measured in 1857 by 
Assistant Greenwell was not introduced into the triangulation. The base was measured 
with two pine bars 4 meters long, and the length discrepancy indicated that the com
puted length was too short by one part in 4 300; 25 triangles of this island have an 
average closure of 5".2 and a maximum of 1711 .2. 

The triangulation forms a small loop on the primary line Santa Cruz West-Santa 
Cruz East, but in such a way that the azimuth and length discrepancies do not develop 
directly. The latitude at Santa Cruz East from the east is greater by o''.042 and 
the longitude less by o". 239 than that computed from the west. This is equivalent to 
a distance of 6.3 meters. If this chain of triangles be considered as a straight line as 
long as the line Santa Cruz West-Santa Cruz East and lying at the same angle with the 
meridian, it would be necessary to increase the length of the line one part in 5 400 and 
decrease its azimuth by rn" .6. 

SANTA ROSA AND SAN MIGUEL ISLANDS.· 

The primary line New San Miguel-Santa Cruz West controls the length of the 
sides of all the triangles on these islands. A base line on San Miguel Island measured 
with a chain in 1858 was rejected. The computation of this base from the primary 
li~e disclosed a discrepancy of one part in I 600, the measured length being smaller. 
The base 011 Santa Rosa Island was measured with the 8-meter wooden bars Nos. 
l and 2 in l86o by Assistant w. E. Greenwell. This measured length was not 
introduced into the triangulation, but the computation gave as a length r 277.27 
meters and the measured length was r 277. 26 meters, a discrepancy of only one part 
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in 130 ooo. Twenty-nine triangles on Sant~ Rosa Island have an average closure of 
5".5 and a maximum of 15".3. On San Miguel Island, 23 triangles have an average 
closure of 5".7 and a maximum of 14".9. 

POINT ARGUELLO TO POINT SAL. 

Mr. Paul Schumacher, under the direction of Assistant W. E. Greenwell, executed 
the triangulation of this section in the years 1878 and 1879; 72 triangles have an 
average closure of 5".8 and a maximum of 19".7. The length from the north end of 
this section is that derived from the adjustment of the loop in the section Point Sal to 
Saddle Peak; and at the south end the length is computed from the primary line 
Arguello-Point Conception Light-house. The length as computed_ from the south 
was shorter than the length as computed. from the north by an amount equivalent to 
213, expressed in terms of the sixth decimal place, or, expressed as a ratio, r/ 2 ooo. 
This triangulation forms a loop on the primary line Lospe-Arguello. The azimuth 
computed from the south was smaller than from the north by 34". 6. The latitude 
and longitude from the south were smaller than from the north by o".181 and o".oII, 
respectively. This is equivalent to a distance of 5.58 meters. If this narrow chain of 
coast triangles be considered as a straight line as long as the line Lospe-Arguello and 
lying at the same angle with the meridian, it would be necessary to increase the length 
of the line one part in 6 200 and increase its azimuth by 2" .2. 

POINT. SAL TO SADDLE PEAK. 

The length of the triangle sides in this section is controlled by the length as 
computed from the north, i. e., from the primary line Rocky Butt~addle Peak. This 
triangulation forms a loop on the primary line Saddle Peak-Lospe. The measurement 
of the San Luis Obispo Base in 1871 was not neglected. The discrepancy of approxi
mately one part in 4 ooo was distributed in the few triangles which immediately sur
round the base. The base, 955:643 meters long, was measured by Assistant L. A. 
s~ngteller, and the 4-meter contact slide rods Nos. 3 and 4 were used. The computed 
length was greater than the length as measured. The latitude and longitude as 
computed from the north were smaller than from the south by o".148 and o".o63, 
respectively. This is equivalent to a distance of 4.8 meters. If this narrow chain of 
coast triangulation be considered as a'straight line as long as Saddle Peak-Lospe and 
lying at the same angle with the meridian, it would be necessary to increase the length 
of the line one part in 8 400 and increase its azimuth by 2

11 .5. 

SADDLE PEAK TO PIEDRAS BLANCAS. 

This section of triangulation depends for its length and position on the primary 
line Rocky Butte-Saddle Peak. The length of the San Simeon base was preserved 
as measured by a length equation in the base figure. Thus the small discrepancy, 
amounting to approximately 1 part in 140 ooo, was distributed in the figure immediately 
adjoining the base. This base, 815.981 meters in length, was, measured by Assistant 
C. Rockwell in 1871 with the 4-meter contact slicie rods Nos. 3 and 4; 87 triangles 
have an average closure of 5".8 and a maximum of x9".8. 
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PIEDRAS BLANCAS TO POINT SUR. 

A great portion' of the triangulation of this section was executed by Assistant A. F. 
Rodgers in the years 1888 and 1890. The triangulation of this entire section is based 
on the primary line Santa Lucia-Rocky Butte; 145 triangles have an average closure 
of 511.6 and a maximum of 20".3. 

POINT SUR TO MONTEREY llA Y. 

The length for the triangles of this section is famished by the triangulation at the 
north end of the previous section. This triangulation forms a loop on the primary 
triangulation by connecting the previous section with Point Pinos Latitude Station .. 
An old adjustment of this triangulation was adopted which did not show the latitude 
and longitude discrepancy on the same basis as in foregoing sections; 62 triangles have 
an average closure of 6" .o and a maximum of 23".7. ' 

RECAPITULATION. 

In the following table the results of the preceding paragraphs are assembled. No 
attempt has been made to show the signs for the computed discrepancies in this table. 
It is interesting to note in the prece~ing paragraphs that the length discrepancies of 
the two kinds indicated by the fifth and ninth columns of the following table are of the 
same sign for each secti0n, with the exception of one section on which the equivalent 
length discrepancy is nearly zero. 

Section 

Mexican Boundary to Point 
La Jolla 

Point La Jolla to San Mateo 
Point 

San Mateo Point to Newport 
Bay 

Newport Bay to Point Dume 
Point Dume to Santa Barbara 
Santa Barbara to Point Argu-

ello · 
San Clemente Island 
Santa Catalina Island 

\Maxi· • Num· Aver
ber bf age 

tri· closing 
angles error 

I mum 
jcloR!ng I Length, I 

error part in-

I . ·-1 
I II I II 

138 6.1 I ~o. 2 26 000 

136. 7 4 000 

' 25. 7 
40.3 

lo8 6.7 

2~~ 6.3 
8.9 

42 3.2 8.9 14 000 

65 6.o 15.5 l 8oo 
33 6.2 17. l 

4, I 12,8 
i 35. l I 

4 300 17. 2 I 

15. 3 j130 000 

73 
San NkolM l~Md ; 19 8.6 
Santa Cruz Island 25 5.2 
Santa Rosa and San Miguel 

islands 52 5.6 
Point Arguello to Point Sal I 5.8 19. 7 ' 2 000 

30. l ' 4 000 

19. 8 /140 ooo 
20.31 
23. 7. 

72 
Point Sal to Saddle Peak 97 4) 
Saddle J?eak to Piedras Blan-

cas 87 5.8 
Piedras Blancas to Point Sur 145 5.6 
Point Sur to Monterey Bay 62 6.o 

Latitude aud longitude closure. 

I Equivalent to- I 
Azi~ La ti- Longi-

mnth I tude tude 
Length, 1 Azimuth part in-

1-11 -II l I 
II II 

"91035' 0.271 6 Sao 0.9 

I 
130 ooo I I 0.2 0.009 0.004 o, l 

20,0 0.069 0.329 8 200 4.3 
0.250 0.208 l 500 5.9 

0.042 0.239 5 400 10.6 
I 

34.6 o. 181 o. 011 6 200 2.2 
o. 148 o.o63 8 400 2.5 

I 
I I I 

' 
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It will be noted from the preceding comparison that the azimuth through a chain 
of small triangulation is much more accurately preserved than the length, an error of 
one second in azimuth being equivalent to an error of ii 206:;00 in length. In recon
naissance for triangulation of this character it would seem advisable in tl~e future to 
exercise more care in selecting well-shaped triangles through which the length would 
be computed. In this way fewer measures of the angles would be required to secure 
a given degree of accuracy. 

EXPLANATION OF POSITIONS, LENGTHS, AND AZIMUTHS, AND OF THE UNITED 

STATES STANDARD DATUM. 

The lengths, as already fully explained in connection with the adjustments, all depend 
upon the Yolo and Los Angeles bases. The lengths as given are all reduced to sea level. 
If the actual length of a line simply reduced to the horizontal is desired, it may be obtained 
with all the accuracy ordinarily needed by adding to the sea level length as given a correc-
. (l h f 1. . ) (mean elevation of two ends of line in meters) t10n = engt o me as given 

6 
- · The 

370000 
maximum value of this correction does not exceed rtinr of the length for any portion uf 
the triangulation here published. The maximum error made in the use of the above 
approximate formula for the correction does not exceed T1l·11~ 1nnr of the length for any 
portion of this triangulation. 

The positions-that is, the latitudes, longitudes, and the azimuths-need a special 
explanation. 

All of the positions and azimuths have been computed upon the Clarke spheroid of 
1866, which has been in use in the Coast and Geodetic Survey for many years. 

After a spheroid has been adopted and all the angles and lengths in a triangulation 
have been fully fixed, it is still necessary, before the computation of latitudes, longitudes, 
and azimuths can be made, to adopt a standard latitude and longitude for a specified 
station and a standard azimuth of a line from that station. For convenience the 
adopted standard position (latitude and longitude) of a given station, together with the 
adopted standard azimuth of a line from that station, is called the geodetic datum. 

The primary triangulation in the United States was commenced at various points, 
and existed at first as a number of detached portions in each of which the geodetic 
datum was necessarily dependent only upon the astronomic stations connected with 
that particular portion. As examples of such detached portions of triangulation then~ 
may be mentioned the early triangulation in New England and along the Atlantic 
coast, a detached portion of the transcontinental triangulation centering on St. Louis 
and another portion of the same triangulation in the Rocky Mountain region, and three 
separate portions of triangulation in California in the latitude of San Francisco, in the 
vicinity of Santa Barbara Channel, and in the vicinity of San Diego. With. the lapse 
of time these separate pieces have expanded until they have touched or overlapped. 

The transcontinental triangulation, of which the office computation was completed 
in 1899, joins all of the detached portions mentioned and makes them one continuous 
triangulation. As soon as this took place the logical necessity existed of discarding 
the old geodetic data used in these various pieces and substituting one datu,m for the 
whole country, or at least for as much of the country as is covered by continuous 
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triangulation. To do this is a very heavy piece of work, and involved much prelim
inary study to determine the best datum to be adopted. On March 13, 1901, the 
Superintendent adopted what is now known as the United States Standard Datum, and 
it was decided to reduce the positions to that datum as rapidly as possible. The datum 
adopted was that formerly in use in New England, and therefore its adoption did not 
affect the positions which had been used for geographic purposes in New England* 
and along the Atlantic coast to North Carolina, nor those in the States of New York .. 
Pennsylvania, New Jersey, and Delaware. The adopted datum does not agree, how
ever, with that used in ''The Transcontinental Triangulation'' and in ''The Eastern 
Oblique Arc of the United States," publications which deal primarily with the purely 
scientific problem of the determination of the figure of the earth, and which were 
prepared for publication before the adoption of the new datum. 

The former publications oy this Office which contain positions in California are 
Appendix 9, Report for 1885, and "The Transcontinental Triangulation." The 
positions published therein being based upon different standard data '.ire therefore 
superseded. 

As the adoption of such a standard datum is a matter of considerable importance, 
it is in order here to explain the desirability of this step more fully. 

The main objects to be attained by the geodetic operations of the Coast and 
Geodetic Survey are, first, the control of the charts published by the Survey; second, 
the furnishing of geographic positions (latitudes and longitudes), of accurately deter
mined elevations, and of distances and azimuths, to officers connected with the Coast 
and Geodetic Survey and to other organizations; third, the determination of the figure 
of the earth. The first two of these objects are purely practical; the third is purely 
scientific. For the first and· second objects it is not necessary that the reference 
spheroid should be accurately that which most closely fits the geoid within the area 
covered, nor that the adopted geodetic datum should be absolutely the best that can 
be derived from the astronomic observations at hand. It is simply desirable that the 
reference spheroid and the geodetic datum adopted shall be, if possible, such a close 
approximation to the truth that any correction which may hereafter be derived from · 
the observations which are now or may become available shall not greatly exceed the 
probable errors of such corrections. It is, however, very desirable that one spheroid 
and one geodetic datum be used for the whole country. In fact, this is absolutely 
1iecessary if a geodetic survey is to perform fully the function of accurately coordinating 
all surveys within the area which it covers. This is the most important function of a 
geodetic survey. To perform this function it is also highly desirable that when a 
certain spheroid and geodetic datum have been adopted for a country they should 
be rigidly adhered to without change for all time, unless shown to be largely in error. 

In striving to attain the .third object, the determination of the figure of the earth, 
the conditions are decidedly different. This problem concerns itself primarily with 
astronomic observations of latitude, longitude, an_d azimuth, and with the geodetic 
positions of the points at which the astronomic observations were made, but is not 

*Many such positions had been published in Appendix No. 8, Report for 1885, Appendix No. 8 
·for 1888, and Appendix No, JO, for 1894. Since the adoption of the United States Standard Datum 
many positions in Texas, Indian Territory, Oklahoma, Kansas, and Nebraska reduced to that datum 
have been published in Appendix 6, Report for 1901, Appendix 3, 1902, and Appendix 41 1903· 
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concerned with the geodetic positions of other points fixed by the triangulations. The 
geodetic positions (latitudes and longitudes) of comparatively few points are therefore 
concerned in this problem. However, in marked contrast to the statements made in 
preceding paragraphs, it is desirable in dealing with this problem that, with each new 
important accession of data, a new spheroid fitting the gi;oid with the greatest possible 
accuracy, and new values of the geodetic latitudes, longitudes, and azimuths of the 
highest degree of accuracy, should be derived. 

The United States Standard Datum was adopted with reference to positions 
furnished for geographic purposes, but has no reference to the problem of the determi
nation of the figure of the earth. It is adopted with reference to the engineer's 
problem of furnishing standard positions, and does not affect the scientist's problem of 
the determination of the figure of the earth. 

The principles which guided in the selection of the ·datum to be adopted were: 
first, that the adopted datum should not differ widely from the ideal datum for which 
the sum of the station errors in latitude, longitude, and azimuth. should each be zero; 
second, it was desirable that the adopted datum should produce minimum changes in 
the publications of the Survey, including its charts; and, third, it was desirable, other 
things being equal, to adopt that datum which allowed the maximum number of 
positions already in the office registers to remain unchanged, and therefore necessitated 
a minimum amount of new computation. These considerations led to the adoption as 
the United States Standard of the datum which had been in use for many years in the 
northeastern group of States and along the Atlantic coast as far as North Carolina. 

An examination of the station errors available in 1903, on the United States 
Standard Datum, at 246 latitude stations, 76 longitude stations, and 152 azimuth sta
tions, scattered widely over the United States from Maine to Loui~iana and to California, 
indicated that this datum approaches closely the ideal with which the algebraic sum 
of the station errors of each class would be zero. 

·The adopted United States Standard Datum, upon which the positions and azimuths 
·given in this publication depend, may be defined iti terms of the position of the station 
Meades Ranch as follows: 

0 II 

<p =39 13 26.686 
A. =98 32 30.506 
a to Waldo=75 28 14.52 

The positions here published on the "!:Jnited States Standard Datum therefore differ 
considerably from those given in ''The Transcontinental Triangulation'' (pp. 854-865), 
which depend upon a special geodetic datum which was adopted for the special purpose 
of that publication, and which was based upon the astronomic observations connected 
with that triangulation alone. 

The position given for the station Meades Ranch, in "The Transcontinental Trian
gulation'' (p. 862), is-

· 0 II 

<p =39 13 25.006 
A. =98 32 30.469 
a to Waldo=75 28 16.52 



APPENDIX NO. 9. TRIANGULATION IN CALIFORNIA. 537 

The corrections to reduce this position to the Un,ited States Standard Datum are-

" 
Ll<p= +I .680 
L1 A.=+0.037 
L1 a= _:_2,00 

Such corrections to reduce a position from one datum to another are not constant, 
but vary slightly from station to station. 

TABLE OF POSITIONS, AZIMUTHS, AND LENG'l'HS. 

The following tables give the positions of all points, and the azimuths and lengths 
of all lines of the primary triangulation of California completed before 1900 and of all 
the subordinate triangulation south of Monterey Bay:· 

These tables may be conveniently consu1ted by using as finders the twenty-one 
sketches and the index at the end of this appendix. In the third column of the index 
will be found for each point a reference to the page on which its description is given, 
and in the fourth column the page on which its elevation above sea level may be found. 

The azimuth and length of every line over which observations have been made in 
one or both directions are given in the list in connection with the position of one end 
only of the line. 

The positions of all points for which the latitudes and longitudes are given to 
thousandths of seconds have been fixed by a complete adjustment of the triangulation 
concerned, so as to make all the triangles close and remove all discrepancies bet~·een 
lengths, azimuths, and positions. Such adjustments are of a very high degree of 
accuracy, as indicated in the preceding pages, for points on the primary scheme, of. a 
less degree of accurac):" for secondary points, and of a still more. approximate character 
for tertiary points determined .by intersections only. In each class all discrepancies 
are removed to the limit given by the decimal place shown. The above statements in 

' regard to the various degrees of accuracy refer to the manner in which the discrepancies 
were removed. 

If Jess than three deeimal places are given in the latitudes and longitudes, the point 
in question has not been fixed by fully adjusted triangulation; or is fixed in such a 
\Vay as to furnish no check on its position, and the accuracy with which its position 
is known is indicated in part by the number of decimal places given. 

In the case of the mountain peaks the complete adjustment has been made in 
every case. 

The seconds of latitude and longitude are also given in meters for the convenience 
of draftsmen. 

In the column giving azimuths, distances, and logarithms of distances various 
numbers of decimal places are given, the intention being to indicate the accuracy to a 
certain extent, it being understood that in each quantity two doubtful figures are given. 
In some cases there is very little doubt of the correctness of the second figure from the 
right, and in a few cases some doubt may be cast upon the third figure. 

!0277-04-37 
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To facilitate reference to the table of positions, and tht! elevations and descriptions 
of stations corresponding, these stations have been subdivided geographically, as 
follows: 

Nu111her of 
. . stations .• 

Prunanes. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93 
Mexican boundary to Point La Jolla.................................... 167 
Point La Jolla to San Mateo Point... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86 
San Mateo Point to Newport Bay .................................... .-. 95 
Newport Bay to Point Dume........................................... 98 

· Point Dume to Santa Barbara. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67 
Santa Barbara to Point Arguello........................................ 67 
San Clemente Island . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38 
Santa Catalina Island. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54 
San ~icolas and Santa Barbara islands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 
Santa Cruz Island .... .'. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 
Santa Rosa and San Miguel islands ................................. ·:. 58 
Point Arguello to Point Sal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 
Point Sal to Saddle Peak . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44 
Saddle Peak to Piedras Blanca~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87 
Piedras Blancas to Point Sur. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 130 
Point Sur to Monterey Bay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88 
Inland Peaks ........................................ : . .... __ - - . . . . . . . 58 

For the convenience of those who may wish to compare the lengths here given 
with others which are expressed in feet, or vice versa, the following conversion table is 
here jnserted: 

I I 
:Meters 

I 
Feet Feet :\tetcrs 

- ·-· ·-- ! 

I I 3.2So833 I 

I 
o. 3048oo6 

2 6.561667 2 0.6096012 
3 I 9.842500 3 o. 9144018 
4 ! 13. 123333 4 

i 
I. 2192024 

5 I 16.404167 5 I. 5240030 
6 I 19.685000 6 

I 
I. 828&)37 

7 i 22.965833 7 2. 1336o43 
8 I 26.246667 8 2.4384049 
9 

I 
29.527500 9 

I 

2.7432055 
Io 32.8o8333 JO 3.048oo61 

----· 
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Primaries. 

I 
J..atitude iOl~~c;c-in Back I Distance I J,oga-

Station and Azitnuth To station 
longitude : n1eters 

nzin111th rithms 

-------· -------- 1--1 

0 "'· 0 " 0 I 111e/tYS 

I Pah Rnh (Nevada) "39 47 41.~3 1277. 2 ' 1878 I 19 28 24. 2 587.5 i i 
Mount Como (Nevada) 39 01 18. o6o 557.0 179 s8 58. 795 1359 s8• 58. II5 Pah Rnh i 85836.42 4.9336716 
• 1879 119 28 23. 621 568. 3 

130 23 24. 2171309 57 44. 739 

I 

Mount Grant (Nevada) 38 ;\4 14. 439 445. 2 Mount Como i 7']603. 44 4. 88<)88oy 
1879 118 47 26. 593 643.8 156 44 54. 272 336 19 01, 156 l'ah Rah 1148154.59 5. 1707151 

Round Top 38 39 50. 316 155!.5 228 53 07.514 49 12 57. 614 l\lount Con10 6o~87. 94 ' 4. 7823862 
1879 120 00 01. 126 27. 2 275 14 13. 386 95 59 31. 182 ~ouut Grant 1105 54.45 i 5.0247091 

Mount Conness 37 58 02. 590 79.8 142 39 27. 366 322 14 IO. 265 Round Top ;v529. 81 , 4. 98913;4 
189o 119 19 14. 227 347.3 214 32 19. 156 :14 52 oo.68o l\lount Grant 1453. 53 I 4. 910<JO<J9 i 

Mount Lola 39 26 oo. o61 1.9 242 01 58. 984 62 36 OJ. 783 Pnh Rah i 86386. II 4. 9364439 
1879 120 21 51. 5Q4 1233.9 300 25 32. 092 120 59_20.857 :Mount Cotno il<J495.56 4. 9518015 

339 38 00. 320 159 51 45. 915 Round Top 91039. 14 4. 9592282 

Mount Dinblo 37 52 55. 482 1710.5 217 34 51.452 38 32 55.516 )fount Lola 218704. 43 5 33985;6 
1876 121 54 48. 355 u81. 7 °242 oo 24. 337 63 11 30. 694 Round Top 188566. 86 5. 2754654 

i266 ~9 30. 693 88 25 oS.300 Mouut Conness 22816o. 48 5.3582404 

Moc ho 37 28 3~-~ I 223, 8 I 144 57 40, 026 324 44 31. 769 Monnt Diablo ~- 12 14· 7394942 
1887 121 33 l . 7 I 461.4 >225 32 32. 159 46 30 04. 187 Round '1'op l • 73 5· 2778600 

i253 53 43. 874 75 15 46. 277 l\fouut Conness 204365. 5215. 3104077 

Mount Helena 38 40 11.oSo 34 I. 6 '245 56 18. 019 67 22 03. 416 :Mount l,ola 213873. 23 5- 3il:564 
1876 122 37 57. 817 1397. 7 269 20 15. 615 <)O 58 57. 203 Ronnd Top 229100. 84 5. 3 267 

324 01 34. 822 144 28 18. 913 Mount Diahlo 107728.96 5.0323325 

Mount T:imnlpais 37 55· 27. 507 848.0 177 46 54. 317 357 45 32. 153 Mount Helena 828o6.oo 4. 918olS18 
1882 I 22 35 45· 242 1104. 9 274 15 19._46o 94 40 28.~ Mount Dinblo 6o205. 71 4. 77~377 

2<)8 03- 15- 84 7 118 41 27. 01 Mocho 104307. 6o 5.01 3159 

Vaca 38 22 33. 808 1042.4 344 42 00, 556 164 48 19. 438 Mount Dinblo 56830.3§ 4. 75458o6 
188o 122 05 01.~ 48. 2 41 59 1§.676 ~~~ ~~ ~~:~~ 

Mount 'famalpais 67294- 5 4. 8279Bo1 
124 25 4 . 7¢ Mount Helena 57910. 57 4. 7627578 

Monticello 38 39 50.645 .1561. 6 343 53 24. 67~ 163 57 21. 544 Vaca 33271. 52 4. 5220726 
1880 122 l I 22, 327 .539· 8 344 21 34. 45 164 31 50. 148 I Mount Diablo ~00.14 4.9547254 

23 32 o8. 728 203 17 02. 140 Mount Tnmalpais 78.04 4. 9~7165 
91 04 27.641 270 47 50. 788 I Mount Helena 38577.56 4. 5 3347 

Yo;o Southeast Base 38 31 42. 185 1300. 7 7 56 54. 564 187 52 41. o82 ' Mount Diablo 72428. 38 4. 859!)088 
188o 121 47 58. 518 1417.4 55 49 13- 774 235 38 37.316 i Vaca 30029. 78 ::~~~~~ 114 01 55. 200 293 4 7 19. 462 Monticello 3716o. So 

Yolo Northwest Base 38 40 44.8o6 1381.6 
I 

343 05 07. 928 1163 07 18. §15 ' Yolo Southeast Base 17486. 512 4. 2427032 
188o 121 51 28. 553 090.2 3 09 32. 638 183 07 28. 54 . Mount Diablo 886o3.s6 4. 9474512 

~ 25 42.~ ,210 17 15.66o Vacn 3~-91 4. 5909077 
47 29. :266 35 03. 730 Monticello 2 .93 4. 4610020 

Ross Mountain 38 30 20.583 634. 7 246 36 "9· 171 ; 66 ~ 21. 548 Mount Helena 46133.46 4.664016o 
18<}1 123 07 09. 221 223.4 302 51 49. 822 1123 3 33. 990 Mount Diablo 126290. ~ 5. 1013702 

324 27 22. 348 -i44 46 47. 824 Mount 'famalpais 79153. 7 4. 8984717 
I i 

Snow Mountain West 39 22 38.452 1185. 8 352 o6 02. 01 172 IO 45, 86 Mount Helena 79298.64 4. 89'.12657 
18<}2 122 45 28. 0191 685.0 16 03 03. 9B 197 49 26. 49 Ross Mountain 101704. 73 5. 0073412 

Mount Sanhedrin 39 30 58.~2 1810. 0 297 51 47. 85 118 04 3~- 75 Snow Mountain W. 3289>.34 4. 5170948 
188o 123 05 43. 527 1039. 8 1336 46 57. 62 ~~i ~; :3: ~~ Mount Helena !102150. 49 5.0092405 

l 03 37· 35 Ross Mountain j112207.62 5.0500224 

Cold S~ring 39 01 21.370 659.0 21~ 46 27 .49 34 02 40. 34 Mount Sanhedrin 66041. 97 4. 8198200 
187 123 31 20, 468 492. 4 23 56 46. 71 59 25 45. 9B Snow Mountain W. 76884.34 4.8858379 

><I> 36 48. 4 2 117 10 17.26 Mount Helena 8659R.42 4.9375100 

Great Caspar l~~ ~~ ~:~9'.{ 909· 7 249 57 32. 77 70 21 20.63 l-lount Sanhedrin 571~. 25 4. 7571245 
1878 279.8 334 11 50. 20 154 19 19.54 Cold Spring 393 . 25 4.5944615 

Two Rock 39 21 43. 5'3 I 1342. 2 10 02 43. 46 189 59 48. 09 Cold Spring 38272. 70 4. 58288<)1 
1879 123 26 42.955 i 1028. 3 84 n 45. 22 264 24 18. ~ Great Caspar 23783. 82 4. 3762816 

240 l 19. 91 16o 29 39. Mount Sanhedrin 34644. 24 4.53¢310 

Paxton • 39 o8 09. 1971 283.6 55 25 22. 50 235 17 25. 16 Cold Spring 22123. 22 4.~8483 
1878 123 18 43. 2531 1038.8 123 04 58. o~ 302 49 29. 21 Great Caspar 41¢8.¢ 4. 229282 

155 25 55. 2 335 20 51. 78 Two Rock 276•1. 54 4.~78 
1203 47 14. 64 23 55 28. 79 Mount Sanhedrin 46178. 80 4. 26 

I 
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Primaries-Continued. 

Latitude 
I Sec------------------

Disu."nce I Logn-
Station and onds in Azimuth Dack 1'o station 

longitude. 1 meters 
nzimuth rithms 

----·--

0 '"· 
0 mete1«s I 

Fisher 39 03 59. 72I 184I.8 159 22 19. o8 339 17 15. 73 Great Caspar~ 32622. 87 ! 4.5135222 
1891 123 35 II. 758 282.6 200 21 53. 63 ;~ ~ ~n~ 

Two Rock 35003.o6 4.5441o6o 
251 s8 01.46 Paxton 24967. 75 4-~3794 
311 15 36. ~9 131 18 02. 29 Cold Spring 740I.50 3. 3195. 

Marysville Butte 39 12 22.3()1 I 68<). 6 258 )0 48. 681 79 o6 "9· 074 Mount I,ola 128o28. 23 5. 107305; 
I876 121 49 11.540 276.9 290 18 36. 528 111 27 13. 322 Round Top 1688~.87 u;~~§ .3sS 39 12. 288 178 ~ sB- Io8 Yolo S. R. Dase 752 :64 

3 12 I9.840 183 49. 9471 Mount Diablo 147210.88 5. 1679399 
3 14 22.437 I83 I2 :;6.316 Yolo N. W. Base s86o7-32 4. 7679519 

~~ ~ t~:¥ 193 53 41. 545 Vaca ~966-47 4.2775702 
207 55 21.~ Monticello 187.33 4.~37037 

50 03 28. 776 229 32 49·. 32 Mount Helena 92269.81 4. 505q6 

Pine Hill 38 43 ll. IJ2 342.6 2J4 o8 29. 350 34 32 oS.ir. Mount l,ola ~939- 22 4.9819962 
I876 120 59 22. q62 554.7 273 48 17.2:;6 94 25 I3- Round '!'op 302. 50 4. 936o234 

~ 16 4t.0J9 220 42 I9- 2 Mount Diablo J23183.r 5. 0905527 
32 30. 197 247 5I ~-46o Vaca 102732. ~ ~:~;~~ 73 29 26. 7~9 252 5§ . 823 Yolo S. E. Dase 73~7.6 

8651 u.77 266 I 37. 5r, Yolo N. W. Base 75 4.18 4.87~3 
86 59 10.624 266 14 IO. 3 7 Monticello 104570. 39 5.0194 7 

188 17 22. ~ 267 15 45. 009 ?\-fount Helena I43047. 52 5. 15548o2 

Sierra Morena 37 24 38. 266 I~ 7 II56 03 23.27 \335 52 49. 43 Mount Tamnlpais 162422.54 4. 7~34J4 
1883 I22 18 28,oo6 

.7 I~~~~ ~~:Z 133 44 59. 20 Mount Diablo 62842. OJ 4. 7 250J 
83 5J o6. 4 ~iocho 670J l. 26 4. 826J478 

Loma Prieta 3; o6 40.912 ;26!. 31129 OJ ;3. 52 '3oS 44 21. 46 Sierra ?t-forena ~2911.85 4. 7235~ 
1884 I2J 50 36. 423 89'}. 3 J75 52 59· 49 355 50 26. 13 Mount Diablo 576o. 84 4. ~32 

212 04 03.95 32 J4 32.67 Moc ho 48o21. 28 I 4. J4337 

.Santa Ann 36 54 19. 368 597.0 112 59 29. 35 292 3h 25. 88 Loma Prieta .r.1'¢9. 55 ,I 4. 77o6278 
1852 12J J3.57-738 1429.4 I55 49 43· 93 335 3 02.09 Moc ho 6¢71. .33 ' 4. 8430541 

Mount Toro 36 3I 34. 7I2 1070. 0 162 12 31. 32 34 ~ ~i ~~:1~ ' I4on1a Prieta 682I2. 25 4. 8338624 
J885 121 36 32. 276 8o3.o 182 34 42. 13 Moc ho 105688.3 5. 0240270 

2J8 3I 04. JO 38 44 33.9I I Santa Ann 53847. 56 4. 73J J66o I 

Hepsedam 36 J8 53.6o3 I652. 2 1o8 39· 45. 65 288 II 47.86 Mount Toro 74205.~ 4. 8704389 
1885 120 49 26. 362 657.6 150 57 28.97 330 42 51. 48 .Santa Ann 75037. 48 4.8752783 

Santa Lucia 36 o8 45. 328 I397· 2 157 58 s6- 29 ; 337 52 09. 62 lllount Toro 45547.05 4.65846o3 
1885 J2J 25 "5·937 J48.4 I9J o6_ 13. 11 I 11 12 51. ~ Santa Ana 85897. 7I 4. 933C)ilJ6 

250 29 21. I3 I 70 50 25. Hepsedam 56625. 35 4-753'"09 

Roc~if&iButte 35 39 56.026 1726.6 148 46 28. 32 328 33 49. 52 ' sauta Lucia 623¢.81 4. 795J624 
I21 03 32. o63 8o6.4 1¢ 18 58.11 ' 16 27 15-09 ! Hepsedum 75096.50 4. 8756J97 

I : 
Castle Mount 35 56 21. 338 657.6 65 IO 20. 331244 45 05. 68 / Rocky Butte ~-2J 4. 8558353 

I885 J20 20 22.908 574. 2 I J03 35 26. 85. 282 57 22. o8 : 8anta Lucia .84 ::m!m I33 5J 16. 62 313 34 oS. 7J I Hepsednm 6o314. 14 

San Luis 35 J6 41. J02 I I266.7 I33 43 I6.93 3I3 25 57.03 Rocky Bulle 62363. 67 t~m~r I883 J20 33 40. o87 1013.0 195 I3 58. 4J I J5 2I 42. 57 Castle Mount 76o5J.2J 

San Jose 35 J8 ~.652 17I5. I 81 13 00. 12 I 261 02 52. 35 San Luis 26898. 4I 4. 4297266 
J884 I20 J6. . 225 207.8 118 40 51.88 298 I3 20. 82 Rocky Butte 8J529. 42 4. 9I 13143 

I74 43 48.87 354 4J 20. 5J 

1 

Castle Mount i 695o6. 37 4. 6420246 

Lospe 34 5~ 38. 475 1J85. 5 i.o;.i 24.~.50 334 o8 26. 82 . Rocky !Jntte 95016. 09 4. 9777971 
I875 I20 3 J9. 944 5o6.4 I85 24 .93 5 :l6 30. 81 · San I.,u1s 42799.6~ 4.63rrioo 

2J3 IO 59• J2 33 22 35. 95 San Jose 55925. 7 4. 747 J2J 

Tepusquet 34 54 37. 432 1153. 4 87 24 26. 30 267 IO. 02. I4 I,ospe 38387. 04 4. s8iJ846 
I875 120 II 09· 654 245· J I40 07 33. o6 319 54 36.65 San Luis ~32~-38 4. 72 J922 

170 28 23. 00 350 25 31. 27 pan Jose 455 ·95 4.6sfl669o 

Arguello 34 34 sB-957 1816.7 173 '!4 41. gs 353 13 Jo.25 I.ospe 34739.6o 4. 54o8248 
I875 J20 33· 39· Oil 994.2 223 16 41. 0 43 29 30. 87 Tepusquet 49967.67 4.6986891 

Gaviota 34 30 07. 450 229.6 105 I2 oB. 98 284 59 48.69 Arguello 34481. 26 4. 5~5832 
1873 120 II 53· 426 J363.o 1~9 28 I8.68 319 14 23.86 Lospe 57302.83 4. 7 176J 

I J 24 J9. 04 I 24 43.¢ Tepusquet i 453Jo.40 4.656J979 
I 

New San Miguel 34 02 23. 753 731.9 I~ 05 23. 69 344 59 28. 82 Arguello ! 62357.t 4. 79489I8 
1873 J20 23 09. 472 243.0 I 35 23,53 f I8 41 44· 22 Gaviota 54JOO. 4. 7332042 

Santa Cruz West 34 04 24. 021 740. 2 85 14 o6. 04 : 264 sB 2I.-45 New San Miguel 4;3'5· ~ 4. 6376481 
1874 119 55 02. 762 70.8 133 5J 28. 66 I 3I3 29 42. g2 Arguello 81 70. i 4.9I312~ 

15J 33 II. 21 f 33I 23 41. 5 Gaviota 54127.6o I 4.73341 
' I 

--------- ·---- ·---~----·---·- ------- ----------- - . 
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Station 

Santa Barbara 
1857 

Santa.Crnz East 
1857 

Chaffee 
1867 

Lagnna 
1857 

Santa Clara 
1898 

Castro 
1898 

San Fernando 
1898 

San Pedro 
1853 

Wilson Peak 
11l9o 

Los Angeles Northwest 
Base 

Latitude 
and 

longitude 

0 I ff 

34 24 17. 5Q6 
1t9 42 53. OS6 

34 03 17.886 
119 33 50. 872 

34 18 03.039 
1t9 19 49. 301 

34 o6 31. 665 
1t9 03 51. 742 

34 19 33. 234 
119 02 18. 987 

,M ~~ ~::1~ 
34 19 47.989 

118 36 01. 454 

33 44 46. sS5 
118 20 07. 404 

34 13 :z6. 222 
118 03 39.~ 

Primaries-Continued. 

' 
Sec- I 

onds in Azimuth 
meters; 

m. 
542. 2 

1355.9 

0 I If 

' 
551. I !· 93 40 25. 95 

1304. 7 11130 31 25. 73 
16o 22 07. So 

93· 6 38 22 57. 71 
126<>. 7 1o8 10 56. 41 

975. 6 r 82 45 53. 48 
t326. I 118 55 02. 27 

131 03 51. 77 

1024.0 I #. 38 17.07 
485. 4 20 01. 97 

I 
4 10 26. o8 

284. 8 95 42 ... 76 
164. 9 i. 138 48 os. 87 

1478. 7 i 32 [2 40. 23 
37.2 I !!<} 28 39.48 

1435. 2 I 121 01 15. 05 
190. 6 132 17 39. 87 

'5.9 22 o6. 55 

8o8.o 
1021.4 

25 38 33. 49 

,b; ~~ ~;: ~ 

Back 
azimuth 

0 I II 

273 28 33.54 
310 10 oo. 15 
340 17 02. So 

218 15 04. 94 
287 57 55. 56 

262 29 05. 28 
2q8 33 04.30 
310 54 53.47 

185 37 24. 91 
2.18 02 18. 83 
264 00 33. 99 

275 32 59. 18 
318 39 32. 86 

212 o6 :z6. 38 
26<} 13 49. 88 

300 ;16 50. 27 
312 02 36. 48 
339 13 12. 52 

205 29 21. 50 
256 52 48. 93 
283 10 23.83 

33 54 50. 138 1544. 7 
117 44 15.277, 392. 5 

71 35 34. 86 251 15 36. 6<J 
139 07 05. 75 318 56 13. 33 

33 55 05.648 
118 '!3 23. 777 

174.0 53 36 36.o6 233 27 17.>7 
610.8 I 179 18 oS.98 359 17 59·94 

To station 

Santa Crnz West 
Gaviota 

Santa Crnz West 
Gaviota 
Santa Barbara 

Santa Crnz East 
Santa Barbara 

Santa Crnz East 
Santa Barbara 
Chaffee 

Laguna 
Santa Crnz East 
Chaffee 

Laguna 
Santa Clara 

Castro 
Santa Clara 

Laguna 
Castro 
San Fernando 

San Pedro 
Castro 
Sau Fernando · 

Sau Pedro 
'Vilson Peak 

Distance 

meters 

Loga
rithms 

~~~:~ t~~ 
32679. 53 4. S!427sS 
766o5· 49 4· 8842599 
41220. 41 4. 6151123 

3476o. 82 4. 5410901 
37200. 15 4. 5705446 

46511. 02 4. 6675~ 
68317. 13 4. 8345 
32477- 22 4. 51157 

24198. 47 4. J837879 
51ooz. 34 4. 75593o8 
26998. 29 4. 4313362 

25894.64 4. 4132099 
35;418. 64 4. 5492319 

31992:90 4. 5049178 
40330. 55 4. 6o56341 

78487. 70 4. 6948o16 
56114. 10 4. 7490720 
69217. 19 4.1!402140 

~gU~ t~~ 
51037. 6<J 4. 7078910 

58J8o. 39 4. ;662670 
45545. 23 4. 6584429 

1889 

Los Angeles Sontheast I 33 47 34. 646 
Base · ; 117 56 30.319 

270 50 20, 33 91 01 01. 17 

82 01 39. 21 
142 37 II. 84 
167 02 54. 78 
234 33 54. 77 

261 48 31. 51 

~~~ M ~:~~ 

San Pedro 
Wilson Peak 
Sau Juan 

32090. 07 4. 5o63707 
33912. SS 4. 53036o8 
295o6. 79 4. 4699220 

Sau Pedro 36830. 32 4. 5662055 
LosA11gelesN.W.B. 17494.239 4.2428950 
Wilson Peak 49059. 91 4. 6Qo7272 1889 ' 

Los Cerritos I 33 47 59. 793 
1853. : 118 "9 46. 724 

.69 36 22. 75 
216 50 57. 78 
272 o6 15. 33 

54 40 44. 24 

249 30 37. 71 
36 54 31. 15 
92 13 38.33 

Sau Juan 23174. 98 4. 3650194 

.San Pedro 11044. 04 4; 2315725 
Los Angeles N .. ,V. R. 16402. Bo 4. 2149181 
I,os Angeles S. E. B. 20501. 40 4. 3117834 

Las Bolsas 
1853 

Santiago 
1899 

Nignel 
1884 

Soledad 
1887 

Cnyamaca 
11l98 

San Migu~l 
1898 

Point Lo"la L. H. (old) 

1786. 3 
455.8 

103 oi 24. 16 282 51 23.81 San Pedro 31432.54 4.4973794 
311 32 15.12 Los Ce~ritos 19581.39 4.2918435 

:~ ~~ ~~:82 349 35 59. 37 Los AugelesN. W.D. 26551. 56 4. 4240900 
25 36 30. 41 Los Angeles S. E. D. t3550. 37 4. 1319510 

33 42 38. 517 
117 32 OJ. 192 

1186. 6 
30. 7 

33 30 45. 473 1401. 0 
ll7. 44· 01. 1331 29. 2 

32 So 23. 9351737. 3 
117 15 07.227 187.9 

32 56 48. 643 14Q8. 4 
116 36 22. 527 5B5. 2 

205 34 24. 13 

San Pedro 
Wilson Peak 
Sau Juan 

115 03 49. 64 294 43 49. 92 Sa)• Pedro 
159 05 01. 18 i 338 54 04. 261 W1lso11 Peak 
179 31 56. 11 · 359 31 48. 27 Sau Juan 
220 o8 13. 37 40 14 .51. 90 Santlago 

149 04 34. 15 328 48 45. 31 Niguel 
164 52 30. 84 344 43 14. 50 I Santiago 

79 04 41. 88 258 43 39. 38 Soledad 
u1 o8 59. 90 300 31 55. 72 ' Niguel 
134 42 27. 17 314 II 52. 70 Santiago 

33 48 53. 459 
1t6 40 44. 187 

1647. 0 355 57 40. 6o 176 00 04. 57 
1136. 3 81 56 15. 41 261 27 45. 33 

cj) 41 44· 31 276 o6 20. 61 
109 57 11. 90 289 lo 48. 01 

Cuynmnca 
Santiago 
San Juan 
Wilson Peak 

1461.9 118 19 50.40 2q8 09 34.54 
243. 8 227 56 52. 19 48 07 35. 49 

Soledad 
Cnyamaca 

32 40 19.5391 6o1.9 176 41 02.09 356 40 39.65 Soledad 
"7 14 25.746 670.8 242 4020.So1-63 oo 57.97 Cuyamaca 

264, 30 04. 44 84 39 56. 50 San Miguel I 

744o8. 22 4. 8716209 
74946. 6o 4. 8747520 
29403. 48 4. 4683986 

61553. 73 4. 7892544 
84514. 42 4. 926<}3o8 
44510. 8o 4. 6484654 
28758. 53 4. 4sS7667 

1=:~~ ;:~~ 
61572. 31 4. 7893855 
1223~3. 97 5. o8776oo 
120965. 43 5. o826613 

q6505. 82 4. 9645535 
Soo21. 98 4. 9032093 
¢573- 23 4. 993Z590 

135486. 25 5. t31!1<}52 

33618. 64 
41517. 87 

18649.49 
66757.Y> 
28690.93 

4. 526sSo2 
4.6182351 

4. 27o6668 
4.8245011 
4. 4577446 
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Station 

Boundary Monument 2sS 
1892 

Tecate 
1899 

Dominguez Hill 
1854 

West Bench 
1854 

San Pedro Northwest 
Base 

1853 

San Pedro Southeast 
Base 

1853 

San Buenaventura 
1858 

Santa Barbara L. H. 
1876 

Anacapa 
1876 

Conejo 
1857 

Santa Clara (old) 
1857 

Saddle Mountain 
186o 

San Fernando (old) 
18,56 

Cowa.ngo 
1856 

Catalina Peak 
1876 

Santa Barbara I! land 
1871 

Harbor 
186o 

We•t Peak 
1877 

Saddle Peak 
1872 

COAST AND GEODETIC SUR VEY REPORT, 1904. 

Latitude 
and 

longitude 

0 

32 32 04.4o6 
117 07 20, 303 

32 34 45. 99 
116 41 18. o6 

33 56 07.093 
II8 20 51. 302 

33 52 42. 717 
118 15 42. 127 

34 15 54.8o1 
119 15 57. 154 

I 

I 

34 23 51.670 I 
119 43 16. 725 

34 00 30.661 
119 23 03. 2o6 

34 Jl 57. 1o6 
118 56 49. 932 

34 19 33. 224 
119 02 19. 014 

I 

I 

34 05 OJ. 717 ' 
11~ 3S 18. 352 j 

I 

34 19 "-5. 898 : 
118 34 1,i 597 ' 

34 o8 IO. I7S 
118 19 53. 501 

Primaries-Continued. 

To station 
I 

Azitnuth I az~~:-th 
Sec

onds in 
meters 

111. 

135. 7 
529. 8 

0 ' " 11-0--, --,-,-1---------

1416.6 
47LO 

1714. l 
299. 2 

12o8.8 
1030.8 

218.5 
1317.6 

144 oo 05. 52 I 323 56 16. 28 
16o 16 48. 91 I 340. 12 36. 75 
226 28 19.32 ' 46. 45 04. 09 

119 15 52.1 1299 07 .~1.4 
190 40 09. 9 'JO 42 49. 8 

313 17 37. 95 I '33 25 21. 56 
316 49 44. 70 ' 136 52 12. 20 

34 43 11.59 ' 214 39 53.65 

275 12 31.20 

2<)1 49 33.31 ' 
339 23 37. 30 ' 

307 00 09.98 ! 
311 15 44. 77 I 
356 54 54. 90 ! 

34 07 07. 01 

95 17 48. 03 
Ill 57 17.39 
159 25 35.66 

127 03 52. 89 
131 21 55. 12 
176 55 19. 35 
214 05 32. 84 

Pt. I.oma L. H.(old) 
Soledad 
Cuyamnca 

San l\lignel 
Cuyumaca 

Las Bolsas 
Los Cerritos 
Sau Pedro 

Dominguez Hill 
Los Cerritos 
San Pedro 

Dorninguez Hill 
J4os Cerritos 
San Pedro 
\Vest Beach 

131G.o 
1o82.6 

24 57 48.00 
&(/ :\2 12. 20 

128 25 48. 01 

204 55 20, 381 
26Q 27 45. 76 
3o8 22 55· 54 

San Pedro 
West Hench 
~·nu Pedro N. W. JI. 

1088. 5 312 59 31. 00 
1462. 0 49 47 12. 36 

!IO 41 o8. 48 
123 39 36. 09 

1592. l 217 04 48. 50 
427. 2 339 o6 00. 73 

26 43 19. 61 
104 56 o8. 28 

1759.6 
1278.3 

107 16 45. 53 
145 22 37. 51 
200 56 32. 02 
249 16 14.48 

47 10 17. 15 
104 05 45. 17 

1023. 7 · 329 o~ oo. 64 
486. 0 5 30 11. 02 

72 13 58. 84 

52.9 
470.5 

274. 2 

.>47· 7 

313.6 
1372.8 

315 21 o6.6o 
114 17 J0.32 

13 31 04.62 
69 07 46. 23 
91 07 42.97 

343 40 56. 90 
II 28 26. 52 
78 2<) 48. 03 

132 44 44.45 

~33 06 18. 61 
'229 37 09· 47 
2<)0 25 57. 05 
303 37 24. 93 

37 05 01.86 
159 II 19.00 
200 36 42. 38 
284 39 57. 16 

287 10 4,;. o6 
325 11 28. sS 

21 00 31. II 
6q 26 59· 36 

227 o6 20. 34 
283 54 59· 8o 

149 o6 05. 91 
185 37 18. 88 
252 o6 17.85 

Laguna 

I 
Sau ta Cruz east 
Santa Barbara 
Chaffee 

8nnta Harhara 
Santa Cruz East 
Santa Cruz \\'est 
Gaviota 

Santa Cruz East 
Santa Barbara 
San Buenaventura 
Laguna 

I.ngunn 
San Buenaventura 

Conejo 
l,aguna 
Sau Buenaventura 

135 29 17.46 ! Wcst.llcach 
294 o6 4t>. 46 · Concio 

193 28 47.04 
248 55 02. 71 
270 51 52.&5 

163 44 o8. 12 
191 26 19. 82 
2sB 19 28. 50 
312 36 40. 72 

Saddle :vlountain 
Conejo 
Santa Clam (old) 

Dominguez Hill 
West Beach 
Saddle Mountain 
San Fernando 

Distance 

mete1·s 

Loga
rithms 

1RR59. 11 I 4. 0755365 
35938. 17 ' 4, 5561598 
66557. 32 : 4, 8231958 

26613. 7 
41463. 8 

29512.8 
9')6o. 0 

16077. 3 

12863. 3 
22741. 9 
209¢. 9 
7734. 5 

16178.6 
12284. 4 
10136. 2 

25418. 7 
36o60. 0 
44115.9 

7132 3 

lOOI.4 
4o<>8o. 7 
40260. I 

45326. 0 

17395.4 
534fl8. I 

30495. 0 
31555. I 

14741. 2 
30260. 5 

32I17.5 
31222.9 

26844. 8 
37164.6 
43095. 3 

I 4. 4251o6 
4. 617669 

i 4.4700105 
'. 3. 9982594 
: 4. 2002141 

. 4. 1093532 
4. 3568259 
4. 3221542 
3. 8884297 

4.2o8\)403 
4, o8\)3555 
4.0058750 

4. 4051538 
· 4.s57025s 

4. 6445947 
3. 85,12298 

3. 0005942 
4. 6093887 
4, 6o48748 
4. 6563476 

4. 2404351 
4, 7282569 
4. 4842283 
4. 499CJ691 

4. 168s338 
4.48o8759 

: 4. 2143897 
: 4. 383781s 
I 4. 3420021 

~ 4. 5o67418 
' 4. 4944733 

4. 42886o6 
4. 5701295 

i 4.6344295 

I 4. 4953004 
4. 46tl3681 

' 4. 4009643 
4.4762635 

33 23 13.168 405. 7 188 36 00.44 8 38 09.91 i San l'edro 4030.-.5 4.6o53433 
118 24 01.556 40.i 228 07 40.65 48 20 47.261 Las llolsas 49253.4 4.6924365 

33 28 20.37'1 627.e> 151 56 47.07 331 45 20,44 \ Anucnpn 67448.6 4.8289727 
119 02 27. 046 6<)8. 3 178 14 19, 15 358 13 32. 04 ; I.aguna iol»7. 8 4. 8489754 

244 54 36. 36 , 65 18 02. 12 . San Pedro 72178. 2 4. 8s84o62 
278 51 10. 78 ' 99 12 20. 90 ' Catalina Peak 6o305. 5 4. i8o3570 

32 S9 54.779 1687.5 139 44 50.66 319 29 04.541 Santa Barbara Id. 689'10.9 ; 4.8387288 
1I8 33 40.818 w59.6 199 o<J 33.22 19 q 50.34 Cntalinn Peak 45618.2 4.6591378 

33 27 36.014 1109.5 
1 

359 17 24.35 179 17 37.72 ! lfarhor 51181.5 4.7091133 
118 34 05.246 135. 5 i 91 54 42. 47 271 39 04. 02 i Santa Bnrhara Id. 43965. 9 4. 6431156 

1 214 09 51. 46 34 17 35. 15 ' San Pedro 38401. 9 4. 5843~~2 
! 244 33 16. 21 64 51 S7· 40 1 1~1s Robas 578.>6. o 4. 762"'°' 
'. 297 23 33.o6 117 29 os.591 Catalina l'enk 17573.3 4.2448521 

35 13 21.638 666.9 l 153 51 47.90 3'.\3 42 11.6,, Rocky llnllc 54769.2 4.7385;162 
120 47 32. 816 . 829. 9 ! 253 39 22. 07 , ;.> 47 22. f8 i ~an I,nis 21931. 2 4. 34 w626 

I
. 257 39 17. iH ' 77 Si 25. y8 ; San Jose 48732. 7 4. 61\782o6 

I 301 53 01. 39 · 122 13 55. iO • Tepusquet 65269. 5 4. 8147102 

______ -------------- _____________ [ ____ 1_3_34 52 59.16. 1~4 S9 2~~~J1:~spe _______ .:~so.6 : ~.-6047722 
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Station 
Latitude 

Rlld 
longitude 

Pn"marz"es-Continued. 

tneters 

------------1------- I OJ~~cin ~~-~-u_t_h __ a_z~_·m_c_:_th __ , ___ T_o_s-ta_t __ i_o_u __ I Distance! . Jf!t~~ 
1 4.65919'~ 4. 8o874s3 
: 4, 6o45490 

i Cahto 
I 188o 

King Peak 
1881 

Mount J,nssic 
1881 

Chemise Mountain 
1872 

Bear Ridge• I' 

Ma~:ver* 
Poi~~~onc~ption Light- I 

1873 
hon~c, I 

I.,a Mesa 
1856 

Point Dutne 
1856 

Gavi!an 
1852 

Pajaro Mouth 
1852 

Santa CnizAzimuth Sta
tion 

1852 

Point Pinos Latitude 
Station 

1851 

Statiou 

----

Old Town 
1852 

:11iddle Loma 
1887 

I 

I 
! 

I 

0 I 11 

39 41 13.079 
123 34 43. 123 

0 I II 

294 23 02. 45 
356 13 o6. 11 

17 37 17.83 

0 I II 

:;i ~~ ~~:~ 
197 31 54. 25 

Mt. Sanhedrin 
Cold Spring 
Great Caspar 

mete1·s 
45624. 48 
739I7. 17 
40229.91 

40 09 26. 187 
124 07 24. 332 

40 20 03. 791 
123 33 12. 978 

807. 7 3o8 38 O>. 37 
575. 9 ! 318 05 40. 32 I 331l s1i 17.57 

u6. 9 , 336 31 32. 6o 
3o6.4 I I 42 41.9~ 

. 6~ o6 22.97 

129 I7 33.I9 
138 26 3>!. 93 
159 13 46. 46 

!I'll. Sanhedrin 
Cahto 
Great Caspar 

156 49 11. 23 i :IH. Sanhedrin 
181 41 43 9~ ! Cnhto 

u3170. RH . 5. 0537347 
69971. 27 4, 8449I9S 
¢948. 52 4, #>5412 

989I7,89 4, 9952748 
7l916. 70 4, 8568297 
52321. ¢ 4. 71868.io 

40 00.51. 848 
124 00 13. 19'~ 

40 29 52. 68 
124 17 37.81 

40 42 11.45 
123 46 31. 32 

159')· 3 
3I3. 0 

353. 2 
735.3 

34 26 59. 388 : 1830. 0 
120 28 IO. 630 I 271. 4 

i 

837.3 
247• I 

197.5 
566.5 

36 45 20, 910 i 644 5 
121 31 II.350, 281:6 

i 
16 51 09. 484 . 

121 4R 34. 4421 

36 58 ~2. 0231 
122 03 IO. 594 

36 37 59. 186 I 
121 55 31. 63?. ' 

247 44 17. 66 · Kiug Peak 

147 15 44. 02 
227 01 49. 15 
305 06 24, 01 I 

314 50 55.43 
341 51 35· 71 

285 53 05. 9 
338 59 46. 7 

335 16 36, I 
26 05 24. 7 

150 28 50. 42 
256 50 28. 30 
273 53 45. 24 

~~ :~ ~;:~ ! 
333 II 15. 92 I 
350 21 24. 13 

112 59 45. 94 

~~g ~~ ~:: ~~ 
338 03 50. 99 

327 11 o6.40 
47 19 I4. 39 

125 41 15. 49 
135 07 15. 89 
162 02 27.92 

1o6 21 53.6 
159 o6 23. 7 I 
155 25 14. 8 
205 51 52, I 

3~6 ~~ !Ug 
94 19 ll. 76 

129 32 46. 43 

:~~ ;: ~:i: 
170 24 13. 71 

292 54 05. 07 

l~g ~~ ~i: ~ 
I58 o8 19. 85 

265 19 57. 44 85 31 15. 66 
289 47 09. 321· !10 00 56. 73 
302 55 !!.66 123 IO 5~. 23 

20 23 23. 02 200 15 33. 77 

I7 24 32. 52 197 21 21. o8 ' 
143 56 25. 47 323 44 45. 39 : 
2365811.66 57o831.:z<>i 

King Peak 
Mt. Lassie 
Mt. Sanhedrin 
Cahto 
Grent Caspar 

Mt. I.,assic 
King Penk 

Mt. Lassie 
King Peak 

Arguello 
Gaviota 
Santa Barbara 
Santa Cruz West 
Brockway 
Farrell 
New San Miguel 

Saddle Mountain 
Cownugo 
West Beach 
San Pedro 

La Mesa 
West Beach 
San Pedro 
Santa Barbara Id. 

Mount Toro 
Lon1a Prictn 
gautn Ann 

174 oo 43. 7 353 59 30. 3 I I,o1na Prieta 
292 28 41. 3 112 39 o6. 2 Gavilan 

231 51 01.0 
297 II 29· 5 
302 26 u.9 

95 33 47. 9 
163 13 25. 0 
249 I7 33. 2 

515840.2 
1!7 30 45. 8 
122 35 03.0 

275 33 31, 6 
343 o8 45. 2 
69 32 05.8 

Loma Prleta 
Ga vi Ian 
Pajaro Mouth 

Point Pinos L. H. 
Santa Cruz 
Gavilau 

18867. 57 4. 2757160 
52268. I9 4, 7182375 
95472. 54 . 4, 9798785 
51427. 17 I 4. 11 t1926 
78573. 3414, 8952752 

i 65400. 3 4. 81557¢ 
40507. 7 . 4.6o75371 

45058. 3 i 4, 6537747 
67430. 4 4. 8288560 

16985. 9 
256o1. 7 
69571. I 
658o6. 9 
57260. 7 
6o500. 5 
461!5. 9 

'6953.5 
17774. 6 
17677.2 
33225.8 

3I209.6 
40475. 6 

~t.~:~ 
26685. 85 
48869. 24 
30521. 54 

28870.5 
28001. 2 

23932. 4 
53H7·3 
25955. 7 

t 680.3 
I 40022. I 
. 38723. 7 

4, 23oo895 
4.4o82695 
4. 8424291 
4.8I82714 
4, 7,~7856" 
4. 7817589 
4,6638505 

4. 22926oo 
4, 2497995 
4, 2474124 
4, 5214754 

4.4942877 
4, 6o71930 
4.7156925 
4, 7967322 

4, 42628Io 
4, 6890356 
4. 4840064 

4. 46045,~ 
. 4.447176 

4,378987 
4. 730357 
4. 414232 

2, 832717 
4,6o2300 
4, 587977 

llfexican boundary to Point La Jolla. 

Lnlituclc I Sec· I 
and onds In 

longitude I meters1 -I 
0 ' " '"· I 

32 45 03,~9 I 105,91 
117 II o8. 30 I 224. 7 

32 42 09. 2391 284. 6 ! 
!17 14 56. 910 i 1482. 41 

Azimuth 

0 ' " 
346 ~3 18. 

30 25 42. 
147 51 2I. 

227 54 33. 

~i ~ :~: 

-1 "'.j::;!';, . To •~Ooo I Di•••~ J_;;_.to_l~-'~_.-_"_I 
I c 1 11 I 'neters I 

5 I t5u 05 21. i' . Boundary Mon. 2sS 24i24. 2 
3 1 210 73 55.:! I Pl. I.omaL. li.(old) I 10140.8 
1 I 327 .;9 11. i Soledad 11662. 4 I 
o 47 56 36, 41 (lid Town 800~. I I 
51 147 27 29. 7 Boundary Mon. 258 22109. 6 
8 166 29 35.6 i Pt.I,omaL.H.(o!d) I 3475.4 

3, 903~3! 
4. 3445-;u 
;;. 541003 

- ----~-------~-~ -----~~~--

•No check on this position. 
t This light was abandoned uud a new light erected in 1882. Appmximate position of tl1" new light, latitude 

34° 26' 56".2 and longitude 120° 28' 12".6. 
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Mexican boundary to Point La Jolla-Continued. 

------------------------ ··-------------. ~-----

\ 
Distance' ~~go- I 

Chula 
18\}2 

Station 

Observatory. S. W. cor
ner. pole 

189' 

I.atitude 
and 

longitude 

Sec
onds in 
meters 

9:>0.8 
743.8 

Azimuth 

0 

9 33 15. 7 
97 54 49.7 

110 18 24. 7 
142 16 32. 9 

1~ ~~ ~:i 
52 52 42. 7 
73 49 25.9 

Back 
azimuth To station 

-------1-
0 ' " meters 

189 32 29. 2 Boundary Mon. 258 ' 13595· 2 
277 50 13.4 Pt.LomaL.H.(olil) 13466.5 
290 13 31. 5 Middle Loma 15o8._ 8 
322 13 42. 8 Old Town 13393 7 

144 03 00.4 
171 00 43.9 
232 ~ 02.2 
253 46 28. 5 

Chula 9524. 6 
Boundary Mon. 258 21378. 8 
Pt. I,omar.:H.(olil) 2111.1 
Middl~ I,oma H<)o4. 9 

San Diego I,ongitudeSta. 32 43 29. ¢2 922. 9 
18<}2 117 09 28. 461 74'- 2 

Meridian Stake 

San Diego Latitude- Sta. 32 43 29. 962 922. 9 
18<)2 117 09 28.510 742.4 

Sau Diego Latitude Sta. 
1851 

Middle 
1898 

New South 
1899 

Mud 
1887 

Ballast Point Light
house 

i899 
San Diego 2 

1871 

San Diego I,ongilude 
Station 

1871 

Indian Point 
1851 

Blacldish Point 2 
1871 . 

Peninsula Point 
1887 

San Diego, Shern1an 
School 

18<.19 

Old Adobe 
1887 

New False Bay 
1887 

Bay Point 
188( 

32 42 03. 945 
II7 14 31. 174 

32 41 25. 000 
II7 12 22. 785 

32 39 54.933 
II7 09 34· 033 

j70. [ 
593.6 

32 41 39· 819 12:16.6 
117 13 29. 511 768. 8 

32 41 JO. 884 335· 2 
II7 13 58. 230 1517- O 

32 43 12. 313 379· 3 
117 09 28. 014 729· 5 

32 43 12. 313 379. 3 
Il7 09 27. 834 724 7 

32 41 31- 377 cf>6. 5 
117 o8 2I. 131 550. 4 

32 40 49· 4.'9 1522- 9 
II7 JO 37• 226 970. 0 

32 44 11.573 356.5 
u7 12 24. 315 633. 2 

32 42 35· 141 
I 17 c8 33. 818 

io82. 5 
880. 8 

57 49 11.8 
109 44 35. 8 
1¢ 00 26.0 

346 27 43. 5 
95 43 01. I 

117 JI 50.5 
122 16 00.0 

165 28 22. 8 

II4 50 05. 7 
210 18 44. 2 
284 42 34. I 

152 18 o8.o 
220 00 24. 8 
26o 04 22. 8 

55' 33 44. 5 
75 05 15. 4 
77 14 41. l 

142 34 53. 9 

9" 00 

76 54 49.3 
146 16 51.7 
150 44 40. 6 

81 13 24.6 
174 02 07. l 
202 16 og. 9 
249 sB 09.9 

230 57 2z. 5 
19 57 58-9 
40 02 59.2 

43 39 46.5 
177 28 57.9 

Old Town 
Pt.LomaL.H.(old) 

237 48 05.5 Pt.I,omaI,.H.(old) 
289 43 26. 6 S. Diego Lat. S. 1851 

16 01 o6. l Old Town 

166 28 55.4 
275 40 23.6 
297 09 10. I 
302 14 28.9 
345 27 31. 7 

Boundary Mon, 258 
Pt. Loma I,. H.(olil) 
S. Diego Lat. S. 1851 
Middle 
Old Town 

294 49 32. 4 S. Diego Lat. S. 1851 
30 20 oo. 3 Old Town 

104 43 10. l )fiddle 

332 17 50. 2 
40 00 40. 3 
8o 05 14.4 

235 3t 03. 7 
255 02 31.5 
157 I[ 43. 4 
3n 33 59.5 

256 51 32.4 
3:16 15 21. I 
330 44 04.5 

26r JI 21. 2 
354 ot 50. 1 

22 16 47.3 
6q 59 23.5 

50 58 o8.4 
199 57 23. 7 
220 OJ 50. 6 

S. Diego I..at. S. 1851 
Mud 
Middle 

Pt.I,oma L.H.(old) 
S. Diego Lat. S. 1851 
Middle Loma 
Old Town 

San Diego 2 

Pt.LomaL.H.(old) 
Old Town 
San Diego 2 

Pt. I,oma L. H. (old) 
Old Town 
Sau Diego 2 
Indian Point 

Old Town 
Mud 
s. DiegoI,at. S. 1851 

17 ~8 14. 8 197 37 42. 2 New South 
77 32 43. 5 257 30 03. 8 Mud 
84 07 55. 5 264 04 42. 4 S. Diego Lat. S. 1851 

116 20 53. 3 2')0 18 48. 7

1 

Peninsula Point 

32 44 33. 891 1044· o 166 21 32. 1 346 w 36. 3 Soledad 
l 17 13 :z6. 595 692. 5 255 46 o8. 9 75 47 23. 51 Old Town 

292 oo 24. 5 111 02 33. 4 San Diego 2 
I! 07 42.1 191 07 JO.I Pt.LomaL.H.(old) 

32 44 o8. 776 270. 4 176 44 27. o 356 44 12. o j Soledo <I 
u7 14 4i. 917 l<'91. 4 248 27 54. 2 • 68 28 35. o Old Adobe 

251 o6 52. o. 73 o8 47. 4 \. Old 'fown 
281 59 22. 9 102 02 12. 5 San Diego 2 
356 35 07. l 176 35 15. 9 i Pt. J,oma L. H. (old) 

32 46 48.051 l48o.1 9 22 36.5 18<} 22 19.7

1 

J'ew False Bay 
1171410.Boo 281.1 1673327.2 347_3255.3 Soledad 

344 26 19. 3 164 26 33. 2 I Old Adobe 

7641.3 
3219.3 

3785. 3 
3553. 0 
7000.5 

14907. 6 
7638. 7 
8701. 7 
5198.9 
9617.6 

1769.8 
7266. 5 
1797. l 

1846. I 

u63. 7 
2524. 2 

ri~u 
8783. 3 
4310.6 

4.8 

m~:~ 
3564.0 

6o24. 7 
7867.0 
4756. 0 
3773. 5 

2536. 8 
4973. 5 
5135.3 

5178. 4 
7888:1 
9357- I 
6697. I 

11096.4 
3705.3 
6701. 2 
7<)85. 2 

11575.4 
21o8. 2 
5802. 6 
8356. 7 
7074. l 

4972. 8 
6810.3 
57~3- 0 
42~.9 ---.-L3-04--u-16···-1-124--12 54.7 Old 'l'own 

'------·--------·· ----------

rithms 

4.133384 

1: :~~~~ 
4. I :l68<J9 

3. 978847 
4. 329983 
3.q87268 
3.94¢27 

3.883168 
3.507756 

3. 578098 
3. 550595 
3.845130 

4. 173407 
3.883019 
3.93q6o5 
3. 715910 

,3.992005 

~:~ij~~ 
3. 254579 

3. 266250 
3. o65833 
3. 402117 

3.973402 
3. 9123o6 
3.943659 
3. 634536 

0.68144 

3. z11200 
3.890973 

n~~~ 
4- 045182 
3·;?08820 
3. ~26152 
3.902285 

4. o63537 
3. 323904 
3. 763619 

~:t~ 
3. 6<ji6o2 
3.833169 
3. 751i3P.o 
3. 632451 



Station 

Dack Day 
1887 

Bench 
1887 

Knoll 
1887 

False Point 
1887 

Wash 
1!!87 

Island Point 
1887 

!\loss 
1887 

Sandstone Point 
1887 • 

Boulder 
1887 

Sand Ridge 
1887 

Pentagon 
1887 

llcuch 
1887 

La Jolla Park 
1887 

Barranca 
1887 

Dush 
1887 

Center 
1887 

APPENDIX NO. 9. TRIANGULATION IN CALIFORNIA. 

Mexican boundary to Point.Lajolla-Continued. 

I 

Latitude Sec- Dack ·and Ouds in Azimuth To station 
longitude 1neters azimuth 

--- ·----
0 I " m. 0 I " 0 ' " 

32 4 7 58. 3.~3 l~u 340 42 ~.6 16o ~ 02.8 Old Town 
ll7 12 21. o84 15 O<) • 6 195 ~.o Old Adobe 

27 24 ·32.5 2072g1.2 New False Bay 
52 49 31. 9 232 4 32.5 Bay Point 

32 48 30.56o 941.4 285 42 41.2 !05 43· 54.6 Back Bay 
117 14 36. 552 951.0 319 41 02.4 139 42. 55. 0 Old Town 

34~ sB 23,4 I~ 59 01.2 Old Adobe 
34 01 03. 5 I 01 17. 5 Bay Point 

0 59 32.4 lBo 59 •9.5 New False Bay 

32 ~7 43. 337 1334.9 218 33 46.4 ~ 34 10.~ Hill 
117 15 •t. lJO 549.9 264 '!<> 50.3 22 27. Beck Bay 

312 56 05. 7 13• s6 ~.8 Day Point 
351 13 05.6 171 13 .8 New False Bay 

32 48 47·~ 1468.2 290 24 36. 3 110 2~ 05. 8 Hill 
117 15 30. 8o5.6 352 38.26.2 172 3 31. 6 Beach 

32 48 28.704 884. 2 ~ 38 38.5 M 38 ss.o Knoll 
117 16 01. 467 38. 2 30 42. 0 

143 ~~ ~J 
Hill 

323 05 31. 9 Bench 

32 49 17. 391 535.7 339 12 13. 3 159 12 20. 5 Knoll 
117 15 44. 335 1153.3 16 33 02. 7 1g6 32 53·.4 False Point 

32 48 53. 746 1655.6 228 49 59.4· 48 50 16.8 Wash 
117 16 16. 36o 425. 7 279 00 46. 0 99 01 10.6 Knoll 

333 19 47. 7 153 19 55. 8 False Point 

32 49 32.~ 1oo6.o 228 24 52. 3 48 ~ 29.4 Soledad 
117 16 15. 0 407.9 299 58 27. 9 119 • 44. 9 Wash 

350 27 25. I 170 27 24. 6 Pt. I.oma L. H. (old) 
0 50 #5 1&0 50 44. l Island Point 

1i; 1il ~:~:2 595.1 231 48 IO. I SI 49 02. 8 Soledad 
1157. 9 241 16 5~· I 6117o8.7 ?t1oss 

272 O<) 5 .9 92 10 31.6 Wash 
2g6 59 5§· l ll7 00 39. 0 Knoll 
317034.8 137 OS 04. l Isla ud Point 

I 324 I 25. 8 144 18 49. 2 False Point 

32 50 15. 441 ~.6 261 04 57. 2 81 05 31.9 Soledad 
117 16 11.386 . .I 4 50 39· 0 I~ 50 36.7 Moss 

26 29 45. I 2 29 27. I Sandstone Point 

32 50 oS. 263 •54.5 256 35 p8. 2 
;6 ~ 'H Bouldl!r 

117 16 47• 044 I 1223.5 259 27 24. 8 79 I · Soledad 
I 323 21 25. 6 143 >I 42.6 Moss 

357 30 14.5 177 30 15. 8 Sandstone Point I 

32 50 38. 758 1193. 9 314 29 07. I 1~ 29 22. 3 i Boulder 
17 1(ir39. 503 1027. 5 31i ~ ~u 1 3 04 38. 3 Moss . 

191 47 29. 5 Sand Ridge 
I I 

32 50 33. 635 
I 1036.1 30 o6 "9· 8 Moss 210 05 47. 2 

117 15 33. 814 8;9.5 &: 46 41.8 218 46 03. 5 Sandstone Point 
09 52. 6 240 O<) 32. 2 lloulder 

67 41 32.4 247 40 52. 8 Sand Ridge 
95 16 58. I 275 16 22. 5 Pentagon 

32 50 54. 774 1687. 2 2g6 42 01. 0 ll6 42 28. 0 Bench 
ll7 16 23. 594 613.6 345 18 57. 7 165 19 04.3 Boulder 

355 20 51. 3 175 20 55. 6 Moss 
39 58 53. 7 219 58 45. l Pentagon 

32 51 46. 207 1423. 3 354 54 48. 5 174 ~ 53. 2 Soledad 
17 15 15. C)OI 413.4 ll 46 15. I 191 4 05. 4 I Dench 

48 00 47.5 228 oo 10. 8 I.a Jolla !'ark 
I 

32 51 39· 774 1225. 2 28 55 4g·6 208 55 20. 1 I Bench 
117 14 50. 515 1313.5 6o 12 I .4 240 11 2~. 81 La Jolin Park 

1o6 42 52. 2 286 42 3~. 4 Barranca 

32 52 20, 333 626.3 ! 351 36 40.2 171 36 44. o I Bush 
l;' 14 57. 6o2 1497.5 I 24 20 59· I 204 20 49. 2 Barranca 

I 
40 18 51 6 220 18 04. 9 I.a Jolla Park 

545 

Distance I.oga-
rithms 

-----
"'ete1·s 
57o8. 6 3·~5~ 65>5. I 3• I 
7¢5.6 3.901217 
3583.4 3.554295 

~661.~ 3.563654 
365. 3.r2~ 

7514.4 3·~ 3228. l 3.5 6 
8o65.4 • 3.906626 

l86o.5 3.26¢27 
4707.4 3.67•785 

~:8 u~~ 
1510.5 3. 179120 
1998.0 3. 300599 

985· 2 2. 993.545 
220<). 9 3. 344378 
1747. 7 3. 242473 I 

I 
979.6 2.991039 

1564. 6 3. 194403 

11o6. 6 3.043988 
1195. 7 3.on613 
863. 2 2.936130 

238o. I 3. 376595 
941.2 2. 973701 

172~.~ 4. 2~476 
II • J.07 748 

3219.5 3.5077~ 

I~~:~ 2.93211 
3.194955 

2147.5 3.331926 
1075.6 3.0~1667 
1919. 7 3. 2 3224 

1689.0 3. 227623 
1322. 7 3. 121447 
1931. 7 3· 285949 

953.4 2. 979268 
~·5 3.421684 
3 .9 3. 13~738 

15"9· 2 3.17 740 

~~~~:~ 
3. 0'10718 
3. 328048 

959.6 2. 91!2112 

3. 3.'6691 2171. 2 
2936. 4 3. 467819 
1126. i 3. 051702 
2058. 

I 

3. 313574 
1715.5 3, 234402 

1449. l 3.161090 
1>52.6 

t~m 2537. 9 i 
643.9 

I 
2.BoSBo6 

2544. ~ 3.~go 
22~. 3. 18 
23 . 2 3. 374420 

I 
2327. 8 

I 

3.366gi7 
2789. I ~:3j~~ 689.1 

1263. 0 I 3. 101387 
1153.9 

I 
3. o6216<) 

3456. 2 3.5386o5 

--



Dall 
1887 

Station 

Round Top 
1887 

I..,a Jolla Park, Botsford's 
house, spire 

1887 

COAST AND GEODETIC SUR VEY REPORT, 1904. 

Mexican boundary to Point La .f o//a-Continued. 

Latitude 
and 

longitude 101~"scin-- Azimuth---,,-:~- I 
--'---- nzit_n_u_th I J meters_ 

To station 

l--3-~-5-3-I4 ___ 7_4_61 4~~-.2 ~5 ~2 :~.4 \ 
1!7 15 02.256 I sB. 6 I 24 26. 3 

J ~n~:; I 
32 53 o6. 28o I 193. 4 12 '7 30. 41 

1!7 14 25. 328 : 658. 4 13 48 26. 5 ' 

32 50 54. 862 
I I7 16 20. ,392 

' 20 44 44. 2 

I 30 39 36.8 

1689.9 
530. 4 

105 12 JO, 2 

2y8 21 JS. 7 
349 05 01. I 
357 13 45. 4 

25 46 30. 4 
45 03 05. I 

:h~ ~ ~~:~ 
I87 24 32. I 
2o6 07 o6. 3 

Center 
Soledad 
Barranca 
I,a Jolla Park 

192 I7 07.6 Soledad 
I93 48 I2. 8 !lush 
200 44 07. 1 Dench 
210 39 19. 3 [ Center 
285 II 50. 2 , Dall 

IJ8 22 04. 0 
16<; 05 o6. 0 
I77 1.1 48.0 
205 46 16.0 
225 02 54. 7 

Dench 
Boulder 
.Moss 
Sand Ridge 
Pentagon 

I ~istance 
: 

meters 
1680.6 
5263. 5 
2750. 4 
4802. 5 

5118. 4 
2744. I 
5028. I 
I645.4 
994· 7 

I376. 5 
I236.8 
2535. 3 
I594· I 
702. 2 

Ocea u Dead>, Cliff Hote I. I 32 44 48. 507 
north gabl1: 117 15 r J. 120 

203 o~ 21.5 
265 48 52. 5 
328 o8 36. 5 

23 05 54· I 
85 51 03. 7 

148 o8 51. 7 
gia .f~!;l~ 
::\'ew False Bay 

4003.3 
6329. 7 
I440-9 1.'87 

ncean Beach Windmill 
1887 

Point l\.legauos 
1887 

Coronado Hotel, highest 
tower 

1887-:--

Standpipe 
I8<)8-99 

Channel Point 
1887 

Meridian Mark 
I87I 

Glorieta Bight 
1887 

Indian Point 2 
I887 

Made Point 
1887 

National City 
1887 

>land Hill 
1887 

32 45 03. 897 
I17 I5 03.6o3 

32 45 37. 648 
117 I4 54.539 

120,0 

93.8 

1159. 7 
1419. 7 

32 40 49. 725 1~3'- 7 
117 IO 39· 744 1035. 5 

32 45 23. 025 I 709. 2 ; 
117 II o8. 929 I 232. 4 

32 42 44.878 
117 II 22. 158 

32 39 59. 9731 
117 09 27.851 I 

32 40 56. 548 
Il7 JO 30. 305 

1382. 4 

577. I I 
1847.4 
725.81 

32 41 31.6I3' 973.8 
I 17 08 20. 352 530. 2 

32 41 So· 557 
117 09 56. 290 

32 39 54. 376 f 
I17 o6 54.901 ' 

I557·3 
1466.3 

1675.0 

I430.6 I 
324. 2 
75.8 

203 II 03. I 

290 05 44- 3 
341 36 26.1 

I69 52 03. 8 
207 41 33. 9 
28o o8 33.5 
3IO 37 09. 2 

81 02 36.2 
109 14 51. 3 
IIO 47 09-3 
JJ2 02 46. 3 
I58 32 03. 9 
174 30 14. 9 
314 35 o8. 2 
342 IO IO. 5 

346 IS 05. 2 
4 02 39-5 

;~ ~~~::~I 
28 44 59. 6 I 
40 40 o8. 7 : 
4I 43 40 .. 1 
45 07 33. 7 

46 54 o8.8 
I48 47 07. 2 
II<.; 42 59. 6 
254 07 I4.6 

94 27 44.5 
114 56 21.9 
130 o8 04. 7 
164 I9 25. 3 
2II 41 02.9 

792921.R 
172 3I 35-4 
2JI II 56. 2 
316 57 28. 8 

315534.8 
72 I8 49.9 

162 24 52. 2 
196 I7 48.1 
283 o8 IO. 5 
347 43 36. 4 

92 29 I9. 6 
143 23 04. 2 

I~~ :); ~~: ~ I g~.r X<l~I,~ 
161 36 37.8 New False Bay 

~97 54: 4597: i ' ~eacf: . t 
{)a1 y 'J'oo\\11·1n 100 10 35. 7 cl 

I30 37 46. 8 Old Adobe 

261 oo 34 .2 Pt. r.oma I,. H. (old).! 
289 13 19. 7 Mud 
290 45 04. 5 S. Diego Lat. S. 1851 ·1 

292 01 50. 7 Middle 
338 29 39. 3 Soledad 
354 29 59.5 ~~~1~11:h I 
:~~ r: ~~: 6 Boundary Mon. 258 j 

I66 I5 56.5 J New South I 
184 02 32.6 Cl!nnnel Poi11t 
194 41 32. o I 1111ddle I 
:tOM OJ is .. i;; ' ~Ind 
208 43 13.41 l't. J.omn L. II. (old) 
2io 38 i9. 4 S. Diego Lat. S. 1S51 . 
221 42 59. 7 Peninsula Point 
i25 o6 J 1. 2 FislH:rnrnn Point 

226 52 29. 6 
328 46 33. 6 

4 43 o6.9 
74 o; 16.3 

274 25 03. 6 
294 53 24. 2 
3IO 07 27. 2 
344 I8 30. 8 

31 41 38.91 

259 27 14. 6 
352 3I I4. 7 

21 12 29.9 
I36 sB 02. 5 

l't. I.omn I •. H. (old) 
Peninsula Point 
Ole\ Town 
San Diego 2 

Pt. r.oma I,. H. (old) 
Middle I,oma 
Blackfish Point 2 
Old Town 
In<linn Point 

l't. l.oma I •. H. (old)i 
Old Town 
Han Diego 2 
Meridian Mark 

21 I 54 58. 4 Meridian Mark 
252 17 39.7 , Glorieta Bight I 
342 24 13. I 

16 18 03. 4 
I03 09 02. 3 
167 43 51.8 

272 27 57- 0 
323 22 18. I I 
284 09 27.4 I 
336 53 18.4 I 

I4 I8 55.9 I 
67 57 54.5 

Old Town I 
San Dit·go 2 
Indin11 l'oint 2 I 
Meridinu !\1ark 

Meridian Mark I 
Indian Point 2 

Pt. I,o~na L. H. (old), 

~id?~:n~10~;1~r2k ! 
'.'lational City 

~:j 
1789.4 

3933. 2 
2449. 4 
5974. 3 
3016.4 

5961.3 
4684. I 

6447. 7 
2896.0 

I<J009. 2 
78~1. 7 
2404. 2 

I6996. 9 

I0404. 5 
4S8;1. 7 
758o. 3 
77~J.6 

1o661. 7 
1'o83. 4 
2949. 0 
5fo6. 2 

6551.0 
3122. 8 
4282. 8 
3090.4 

7785. 4 
9452. 3 
2364. 2 
9709. 6 
33o8.9 

6239. 2 
7670. 6 
4485.8 
2384. 3 

3325. 8 
3553.6 

6233. I 

2623. 9 
2566. 3 
3486.1 

3989. 2 
3732. I 

8677- 0 
1656.1 
4485. ~ 
3598. 0 

Loga
rithins 

3. 22:;~53 
3. 721>71 
3.4391c2 
3. 681416 

3. 709130 
3.438402 
3. 70I404 
3. 216266 
2. 997685 

3. I38772 
3. 092288 
3.404027 
3. 2025I6 
2.846488 

3. 6024I8 
3.8o138o 
3. Is864I 

3.54,874 
3.42¢36 
3. 252700 

3. 5947·14 
3.3il<)o5I 
3. 776290 
3. 47949I 

3. i75338 
3. 67o623 
;1.8o<;4~ 
3. 461797 
4- 27&/>8 
3.894962 
3. 3&>¢7 
4. 230370 

4. 0I7222 
3. 688745 
3. 879684 
3. 891514 
4. 027825 
3. 907.595 
3. 46:f69 
3. 74~X'5 

3.816.1o6 
3.494545 
3.63173I 
3.490008 

3. 89I28I 
3. 975536 
3. 373678 
3.987201 
3.5I¢89 

:'I· 52JC)02 
3.55o665 

3. 794705 
3. 4I8945 
3. 409308 
3· 542339 

3- 600882 
3. 571950 

3. 938372 
3- 2I9075 
3.65178<) 
3- 556163 

32 39 IO. 52611 
117 "9 02.907 

I 

1c4 12 2r. 71 
156 53 31.9 
194 IS 32.9. 
247 56 45-4 i 

--'-~----·'----~~----~--~-------~ 



APPENDIX NO. 9. TRIANGULATION IN CALIFORNIA. 547 

Mexican boundary to Point La Jolla-Continued. 

Station and onds in Azitnuth 
Latitude Sec I \ 

i longitude meters 

1 

, ___ , ·-------1 
I 3~ 38 25.,;23 I 7~~. I ' 1~2 :7 ;;,91

1 
Sweetwater 

1887 

Shell Hill 
1887 

Brush Hill 
1887 

Marsh Point 
1887 

Fisherman Point 
1887 

Cemetery llluff 
1S87 

s~111 Diego, Russ School
house, flagstaff 

1887-9'J 

San Diego, c;. Ua;r.ard's 
house, tower 

1887 

San Diego, electric light I 
tnast, 21st and J sts. 

1887 

Hntrauce 
1887 

Ball.'lst Point 2 
"1'887 

South 
1887 

lllack Flag 
1887 

' Blnckfish Point 
1851 

Point Loma 
1851 

Fitchs Hill 
1851 

San Diego RA.•t Base 
1851 

117 o6 52.i77 1375.8 125 47 29.7 
158 18 38. 4 
178 50 35.9 

32 37 46.\)88 1447.4 156 45 51. 1 
II7 oS 20. 512 534. 7 209 30 59· 3 

242 37 21. l 

32 36 30. 307 
117 07 50. 3o6 

32 36 34. 224 
II 7 05 53· "94 

32 43 14. 5Q6 
!17 13 41.488 

32 41 24. 144 
!17 14 45. 177 

32 43 11.942 
117 09 o6. 579 

32 43 50. 536 
ll 7 09 36. 026 

32 41 28.798 
117 13 44, 897 

32 41 10. 685 
!17 13 57, 5~3 

32 39 59. 016 
1!7 09 38. 966 

32 42 20, o68 
"7 12 49. 459 

32 40 47, ;61 
117 10 38, 540 

32 40 19. 551 
l! 7 14 25. 779 

32 43 02. 826 
117 14 21.635 

32 41 24. I08 
117 12 40. 555 

933.6 
1468.3 

1054, 2 
1384.4 I 

I 

449.6 
l~0.4 

t6o 37 :z<J. H 
105 "2 38. 8 
194 16 49.9 
205 01 47· 4 

87 51 30. 5 

:~ :~ ~:3 
155 34 33. 6 

228 51 34. 3 
229 52 35· 3 
270 35 29. 0 
353 54 01. 3 
30 44 18.8 

743 1 \ 167 35 33.9 
!177:0 219 50 17.0 

248 00 31.9 
I · 287 23 18. 2 

345 43 35. 6 

329. l 
1500. 2 

1817.9 
1015. 5 

618.2 
128S. 1 

(>o2. 2 

ri71. 7 I 
87. I ' 

563.4 . 

338 42 42. 8 
27 19 02. I 
27 36 38. 7 
76 43 29. 9 
91 IU 24. 9 

335 05 37. 7 
349 13 05.0 

7 53 24.9 
5;i3921.8 
98 27 17.6 

133 09 :19· s 
330 58 o6, 2 
345 20 3H. 9 
56o816.4 

:~: ~~ ~:~ 
>02 42 17.9 
211 35 50.5 
229 44 00, 5 

151 55 47. 2 
186 15 :;8.8 
203 32 49. I 
211 31 23. 8 
219 10 23. 2 

142 57 32.8 
215 ¥> 29.0 
271 54 09. 8 

79 21 23. 3 
141 o6 37. 4 
190 47 27. l 
207 32 37. 3 

1;4 19 13. 2 
249 25 oo. l' 

210 24 14. 4 
261 37 59. l 

305 35 05. 6 
I 13 46.8 

54 03 01. 5 
139 07 21. 0 

Back I ·r · \ D' \ Loga-azimuth o station I istance. rithms 

,-·-----,-1·-------
2;2 :6 oi. 71 Sand Hill I ;::f;.r: I 
305 46 o6. o I Meridian Mark 49Hi. 5 
338 17 51. 2 Ind~nn Poi~1t 2 6172. 7 · 

536 45 28. 2 Sund Hill 28oo. 5 

358 50 34. 8

1 

Nat10nal City 2740. 7 

29 37 45. 5 National City 4514 1 
62 38 o8. 4 Sweetwater 2575.2 

340 36 53. 9 !' Sand Hill 523i. 9 
345 02 25. 8 Shell Hill 2444. 9 

14 17 23. 1 ::s'ational City 6486. 7 
25 02 21. 7 ; Sweetwater 3913. 7 

267 50 24. 1 \ Brush Hill 3214. 9 
300 14 25. 5 Shell JI ill 4449. I 
314 12 16. 6 Snnd llill 6c}o3. 9 
335 34 oi.4 Sweetwater 3762. 2 

48 52 16. l 
49 53 58. 0 
90 37 46. I 

173 54 07. 8 
210 43 52. 0 

347 35 27. 5 
39 52 14.6 
68 03 23. 2 

107 26 09. 5 
165 43 46. I 

158 43 07. 8 
207 18 35. 2 
207 35 53· 5 
256 42 16. 7 
271 IO 13. 4 

155 o6 18.6 
169 13 09.4 
187 53 14. 0 

233 38 24. 7 
278 25 46. 9 
313 o8 49.6 

150 59 01, I 
165 20 49. 3 
236 07 35.0 

311 55 29. 4 
13337.7 

22 43 01.5 
31 37 21. 1 
49 44 o8.9 

331 55 29 .• 
6 16 o;.4 
·~ 33 39. 5 
ll 32 55.0 
39 10 38. 3 

322 57 05. I 
35 41 11. 5 
91 55 38.4 

259 22 28. 3 
~21 o6 09 .• 

IO 47 40. 7 
27.33 31.8 

354 18 56. 9 
69 26 15.0 

30 26 00.9 
81 40 01.8 

125 37 o6. I 
181 13 44. 6 

;~ :;6 ~u 

Peninsula Point 
Old Town 
Snn Diego 2 
Mud 
S. Diego Lal. il. 1851 

Middle I.oma 
Old Town 1 
San Diego 2 I 
Meridian Mark 
Pl. I.0111a L. H. (old) 

Indian Point 2 
Made Point 
Glorieta lli!l'ht 
Channel Pomt 
San lJiego 2 

Indian Point 2 
San Diego 2 
Made Point 
Channel Point 
Peninsula Point 
Old Town 

National City 
Indian Point 2 
Mndc Point 

s. Diego T,nl. S.1851 
Fisherman Point 
Peninsula Point 
Old Town 
lllud 

I 

S. Diego !,at. S. 1851 ! 
Fishennnu Point I 
~ld1~r~~!~ Point 1 

Mud I 
\~lorictn Bight 
Indian Point 2 I 
National City I 
s. Diego Lal. S. 1851 
Fishennan Point 
Peninsula Point I 
Old Town 

Old Town 
Indian Point 

Old Town 
Jllackfish Point 

lllnckfish Point 
Point I .. 0111u 

Point Lmnn 
Fitchs Hill 

! 

2668. 1 

5204. 0 
66oi.2 
2936. 2 
2532. 0 

1422.4 
8799. 7 
~907. 4 
8664.6 
2053. 5 

;~~~: ~ 
47o6. 5 
3027. 9 

558.4 

4718.0 
rn18.6 
3731. 2 
3412 ... 
4414. 0 
3283. 5 

5624. 9 
1g87.8 
2403.8 

1620.3 
326o. 2 

5435. 6 
7763.8 
525. 2. 

1859.4 
3839. 9 
6o78. 0 
8412. 2 
1157. 6 

2220. 4 
3511. 0 
42]7.5 

26?~·4 
21~.I 

3496. 7 
5676. 3 

1oi.;o.9 
5<)84. 0 

7147.0 
5030. 7 

3386. 7 
4022. 3 

3. 564o85 
3.697358 
3. 790477 
3. 437857 

3. 71ii657 
3. ,8826\l 
3. 812026 
3. 592591 

3. 507162 
3. 648275 
3. 839093 
3. 575441 

3. 426201 
3. 716335 
3.81¢20 
3. 46n81 
3. 40,1462 

3. 153013 
3. 944406 
3. 949753 
3. 937746 
3.3124'.1" 

3. 520721 
3. 450495 
3. 672095 
3. 55¢58 
2. ;40928 

3· 673759 
3.078674 
3. 5;1847 
3. 533033 
3. 644837 

. 3. 516334 

3. 750112 
3. 29H376 
3. 38o\)o1 

3. 209586 
3. 513247 
3. 735251 
3. 8<)oo76 
2. 720347 

3. 269367 
3. 584321 
3. 7838o2 
3.924912 
3. o63576 

3. 346423 
3. 545500 
3.631189 

3. 43o630 
3. 334074 
3. 5436s-'i 
3. 754"64 

3. 8<)8447 
3. 582462 

4.oo6o7R 
3·7769H9 

3. 854123 
3. 701631 

742.61 
1056.6 

·----·------"-------'----'--------'-------'---



COAST AND GEODETIC SUR VEY REPORT, 1904. 

Mexican boundary to Point La Jolla-Continued. 

Station 

l'lnya 
1851 

Ballast Point 
1851 

San Diego West Base 
1851 

San Diego Azimuth Sta
tion 

1851 

Roseville Hotel, west 
gable, or 

Yellow Gable, tJ. S. E. 
1887 

Slaughter House, south 
gable 

1887 

San Diego, W. H. Prin
gle's h6use, spire 

1887 

Stone1s house, pipe 
1887 

San Diego, Florence 
Hotel, flagstaff 

1887 

San Diego, electric light 
mast, 4th & Cedar Sts. 

1887 

San Diego. electric light 
mast, D & Front Sts. 

1887 

San Diego, southeast 
electric light mast 

1887 

Latitude 
and 

longitude 

0 I II 

32 42 16. OI 
"7 14 20.40 

32 41 II.12 
117 13 57. 81 

32 41 47. u 
"7 13 25.66 

32 42 03.954 
I 17 14 31. 290 

32 43 21. 377 
117 13 51.441 

32 44 38. 395 
n7 11 36. 235 

32 43 57. 799 
II 7 09 39· 593 

32 44 51.007 
Il7 12 37. 0•3 

32 43 32. 130 
117 "9 40. 392 

32 43 19. 754 
117 09 J8. 034 

32 42 56. 494 
117 "9 51. 594 

32 42 49. 139 
Il7 09 35. 149 

San lJiego, llnpti•t , 32 42 48. 259 
Church, spire ! n7 09 28. 8<)8 

1887 . 

Coronado Bench, nrte- I 32 41 45. 166 
sian well tower, or I 17 10 32. 258 

Water, U.S.E. 
1887 

Coronado Deach 1 n1ill 
stack 

1887 

San Diego, Pierce & i 
Morse building, flag- · 
staff 

1887 

San Diego, Episcopal 
CJ1urch, spire 

1887 

Sau Diego, mill stack 
1887 

32 41 45.ll<Jo·I 
111 10 os. 695 I 

32 4 2 49. 9661
1 

117 09 32. 214 

32 43 oo. 199 I 
117 "9 25. 839 

32 42 21.844 
Il7 "9 23. 445 

Sec- I I 
Back i I Loga

rithms ands in Azimuth azimuth . To station Distance 

1_net~~~--'--1·1--1-1 
m. o ' " :i ' " ml!lers 

493. 2 301 34 34 121 35 28 San Diego E. Base 3052. 8 
531. 3 2 14 21 182 14 18 Point J,oma 3590· 3 ' 

3. 484705 
3,555126 

342. 5 163 35 57 343 35 45 Pia ya 2o83. 7 I 
1506. 1 258 45 13 78 45 55 San Diego E. Base 2051. 9 , 

3· 31883 
3. 31215 

1451.5 
668.5 

658.5 
1339. 7 

1740. 2 

1343.7 

1513.6 
915.5 

1486.5 
752. 7 

301 05 48 121 o6 12 San Diego E. Base 1372. 2 
1
1 

37 03 5"l 217 03 41 Ballast Point 138<}. 5 
3. 13742 
3. 14285 

187 53 35. o 7 53 40. 2 Fitchs Hi 11 1830. 9 j 
293 02 33. 6 u3 03 33. 4 San Diego :E. Base 3134. 8 : 

3. 262658 
3.496207 

233 25 28. 5 
235 42 57.5 

23 27 20. 5 

354 00 52.8 
56 34 38. 0 
51 38 50.6 

347 51 25. 5 
6 19 53.4 

49 56 33.3 
95 39 43· 5 

131 'o6 15,9 

26o 59 52.2 
333 26 36. 8 
344 55 29· 5 

61 13 47.6 
105 54 o6,4 
140 45 56.6 

68 23 40.5 
llO 15 00. 2 

143 33 37· 3 
31l 18 o6. 5 

81 22 48. 0 

120 II 31.4 
152 51 03. 2 
231 33 49· I 

119 58 27. I 
149 32 Il .. 3 
194 35 "9· 3 

87 59 11.9 
148 03 34· 8 
181 46 38. I 

95 19 42.3 

:~ :,& :~:; 
n1 11 16.5 

53 26 56.'5 I 
55 43 44.6 

203 26 59.0 

~~i ~~ ~:~ 
231 37 42. 8 

167 51 31.5 
186 19 44. 2 
229 5< 37. 8 
275 38 14. 4 
311 05 27.6 

81 00 40.0 
153 27 17. 3 
.164 55 35.4 

241 12 52.6 
285 52 37.8 
320 45 o.l. 8 

248 22 44. 2 
.290 '3 30. 3 
323 32 48. 2 
131 18 II. 7 

261 21 59· I 
300 IO o8.8 
332 So 21.3 

51 34 01.6 

299 56 55. 7 
329 31 20. s 

14 35 I~. 2 

Old.Town 
P"eninsula Point 
S. Diego Lnt. S. 1851 

Channel Point 
Peninsula Point 
Fisherman Point 

~:d~~o~~1: 
Channel Point 
Peninsula Point 
Old Town 

Old Town 
Channel Point 
Peninfiula Point 

Channel Point 
Peninsula Point 
Old Town 

Channel Poin~ 
Peuiusuln Point 
Old Town 
SanDiego2 

Channel Point 
Peninsula Point 
Old Town 
San Diego2 

Peninsula Point 
Old Town 
Snn Diego 2 

267 sB 10. 71 Channel Point 
328 02 4o. 9 Old Town 

1 46 38. 6 San Diego 2 

275 17 33, 2 
3~4 44 27. 8 

~I~~ ~J 

S. Diego Lat. S. 1851 
Channe1 Point 
Peninsula Point 
Old Town 

5277- 7 
2745. 5 
26oo.o 

i 3.722446 
. 3.438620 I 3. 414981 

3516.0 ' 3.546o.\9 
1499. 9 I 3· I 76o62 
4159. 3 3· 619023 

~~~~:: 
1277.2 

3023.6 
4437. 8 
363i.7 

scS4· 6 ! 3. 7o6256 
48oo. 0 3· 681241 
737. 6 2. 867840 

2951. 5 
4907. 5 
741. 3 

6250. 0 
2252 .. ~ 
5371.8 
6178.4 

3. 47<>>44 
3. 690863 
2.870015 

3.~883 
3. J52672 ! 3· 730118 
3· 791045 

1413_r, I 94 37 05. 4 
148. 4 . 132 22 59· 5 

I 141 1) 46.7 
164 55 56, 2 

274 34 42, 0 
312 22 18.3 
321 10 31. 8 
344 55 22. 3 

S. Diego Lat. S. 1851 
Channel Point 
Peninsula Point 
Old Town 

6<)37. 4 I 3. 841199 
2695, 9 3. 430705 
537.0592:. 52 ' 3. 76o382 
6 ' 3· 799493 

6. I 
672.9 

86 52 29,0 
119 18 09.8 
148 35 59.4 

i, 18') ot 39· 5 

81 09 12. 3 
115 19 54, 0 
144 49 27,8 
171 20 46, 7 

313 16 13. 3 
319 33 43. 7 

~ ~~ ~~:~ 

266 51 29.6 
2~ 16 36.8 

329 ~~ ~u 

261 o8 09.4 
295 18 17. 5 
324 48 32. 2 
351 20 45. 3 

. 133 16 47.4 
139 35 02. 3 
213 32 01.6 
221 35 30.6 

Chnnuel Point 
l>eninsula Point 
Old Town 
SanDiego2 

Channel Point 
Peninsula Point 
Old Town 
San Diego2 

Indian Point 2 
National City 
Glorieta Bight 
Made Point 

I ~:;~~~i 
i 3· 682813 I 2.84322s 

3o65.8 ! 
5141.3 ' 
4644.9 ! 

377- 4 

22~7.'2 

5967.5 
3152.3 
1.SS.7 



APPENDIX NO. 9. TRIANGULATION IN CALIFORNIA. 

Mexican boundary to Point La Jolla-Continued. 

Latitude 
Station and 

longitude 

--------···---- ------I! 
Coronado Hotel, north- ~ 

east corner 
1887 

West '!'win Windmill 
1887 

East 'l'win Windmill 
1887 

I,a Punln house, chi111-
ney 

1887 

National City, \\',Kim
ball'• house, flagstaff 

1887 

. National City Railway 
Tank 

1887 

Spit Windmill 
1887 

National City, Episcopal 
Church, spire 

1887 

National City School
house, tower 

1887 

N'ationnl City, Nf'w 
Methodist Church 

1&87 

National City, Congre
gational Church 

18S7 

Windmill (n) 
. 1837 

" 

Coronado Dench, hate l 
electric light mast 

1887 

Coronado Beach, middle 
electric light mast 

1887 

Coronado Dench, north 
electnc light mast. 

1887 

National City, Interna
tional Hotel, flagstaff 

1887 

~ " 
32 40 53. 67i 

117 JO 41.41 

1f; ~ ~tm 

32 ~ 59. 242 
I 17 19, 2b7 

32 35 47. 705 
II 7 05 20. 800 

32 39 52.482 
117 05 40.866 

32 39 32. 585 
117 05 51.9''l6 

32 37 35. 853 
117 o8 11. 734 

32 40 40, 117 
117 o6 01.986 

32 40 34. 248 
I 17 o6 01. 756 

32 40 17. <>96 
117o621.757 

32 38 47. 990 
117 05 39. &J9 

32 40 52. 663 
117 10 34. 313 

32 41 07. 924 
117 IO 47.203 

32 41 40,971 
117 10 28. 125 

32 39 42.548 
117 o6 26. 6o7 

I Sec-
ands in 
meters 

"'· 1653.3 
1079.2 

1823.o 
364.5 

1824.9 
5q2.6 

1469.5 
542.5 

1616 
1221 

1003 
1354 

1235 
51 

1054 
45 

.6 

.4 

. 7 
·9 

.4 

.9 

.8 
,8 

J 

.6 
·9 

.2 10<)2 
47 1.5 

t622 

894 

244 
1229 

. 3 

.o 

. 2 

.[ 

.I 
.8 

,0 

. 7 

.6 

.3 

Bnck Azimuth azimuth To station 

·-----
0 " 0 

213 51 13. 5 ~~ ~! ~u 
·Made Point 

~~; ~~ ;~:: 
Indian Point 2 

107 12 51.1 National City 

138 37 38. 3 318 36 47. 3 J\rush Hill 
172 42 54. 7 352 42 37. 9 Sweetwater 
194 17 17.9 14 17. 33. 3 Marsh Point 

137 57 12.9 317 56 20, 6 Brush Hill 
172 10 IO, 7 352 09 52. 7 Sweetwater 
193 07 43:7 13 07 57.8 Marsh Point 

107 56 42. 4 ·~ 55 18.6 llrush Hill 
128 07 01.9 3 05 25. 1 Shell Hill 
149 33 42. 4 329 33 25.0 Marsh Point 
153 44 14. 7 333 43 25, I Sweetwater 

I 31 23. 2 181 31 19. 7 J i\tnrsh Point 
32 38 41.5 212 38 05. 9 : Sweetwater 
46 01 15.4 225 59 52. 5 ' Shell Hill 

' 
0 18 05.0 180 18 04. 21 Marsh Point 

300001.8 209 58 54. Brush Hill 
37 26 58. 8 217 26 2sJ Sweetwater 
49 58' 17. 6 229 56 57. 3 i Shell Hill I 
8) 14 15. 5 262 12 32. 5 Sand Hill 

133 29 52. 1 313 28 32.0 I Indian Point 2 

146 17 43. i 306 11 38. 71 shell Hill . 
205 o8 04. 25 08 46. 1 National City 
233 25. 17. 9 53 26 oo. 5 Sweetwater 

. 297 41 57. 1 117 43 11.8 Marsh Point 
348 43 56. 5 168 44 04, 8 

1
. ~rush. Hill . 

17 41 ,47- 3 197 '41 19.9 ! Sweetwater 
21 IO 30.9 20[ 09 29. 2 Brush Hill 
34 o6, 18.9 214 05 04. 2 Shell Hill 
44_22 51.2 224 22 22.1\ National Cith 
9'1 09 40. 4 274 07 15. 6 Glorieta Big t ·' 

1134547.2: 293 44 32. 6 Indian Point 2 

'.1 40 38.91 201 39 37. I ; Bn1sh Hill 

~r ~1 :;J . 21!~ 03 o8. I Shell Hill 
241 20 10.0 Sand Hill 

334817.2 213 47 13. I Shell Hill 
' 50 58 ~·I 230 58 37. 2 National City 

126 37 .4 3o6 36 04,4 Indian Point :2 

' 
31 35 26.6 211 :14 20. 6 Shell Hill 
3h 09 31.9. ~~§ ~ ~~:~ 

National City 
11 30 57·31 Indian Point 2 ; 

4 46 22, I 184 46 15. 0 Marsh Point 
39 59 14, 91 219 58 01. 3 Brush Hill 
65 50 20, 6 245 48 54.0 Shell Hill I 

6<) 54 17. 7 249 53 38. 3 Sweetwater 

10<) 36 24. 5 28<) 34. 16. 6 S. Diego Lat. S. 1851 
154 56. 54. 6 334 55 55. 2 Peninsula Point 
16o 10 38.4 340 10 12.6 Channel Point 
173 24· 12. 0 353 23 56 .. 5 : Old '!'own 
201 52 oo. 0 21523.0 Sau Diego 2 

1o6 29 39,5 286 27 3~. ~ i;, lllego I.at. S. 1851 
155 55 09. I 335 54 16. Peninsula Point 
163 02 56.4 343 02 37.4 Channel Point 
175 36 13. 0 355 36 02. I Old Town 
2o8 17 14.6 28 17 57.4 Sau Diego 2 

¢ 23 47• I 276 21 35,8 S. Diego Lat. S. 1851 
1:i 26 36.6 3~ 26 ~·3 Channel Point • 
14 53 39. 7 3 52 3 .9 Peninsula Point 
170 24 15. I 350 23 53• I Old Town 

351 26 03.0 171 26 21.0 Marsh Point 
160111.1 1~0057.0 Sweetwater 

l';'l 4§ 58.6 2 43 47· I Glorieta ~ht 
II I 02, l 296 17 46.9 National ty 
138 35 37. 4 318.34 36.1 Indian Point 2 

549 

I Loga-

I 
: Distance: rithms. 
I -i--·-tnelers 

2110,0 3.3~288 
3856. 2 3. 5 164 
6178. 1 I 3. 790852 

3734. 4 

I 
u~~:i 6399.8 

3016.0 3, 479436 

~77-9 3. 577251 
11.0 t~~~· 3004. 4 

4262.0 3. 629612 

r~:~ 3. 774842 
3. 22o651 

5417.9 I 3. 733832 

6109. 4 3, 785995 
3184. 7 3. 503074 
5565.9 3. 745534 

S!U 3, 739914 
3. 8u773 

5.8 ~:~~~A~~ 5056.3 
5021.6 3, 7oo842 
5327. 9 3. 726555 

412.3 2.615256 
4713.6 3.6~'354 
2562. 7 ~:i1~~; 4o82. 7 

I 
2058. 7 3. 3136o2 

4355· I 3. 639002 

I 

8251.9 3-9~ 
6440. [ 3.8 
1971.4 3-~764 
7oo8.9 3. 5647 
3938. 2 3. 595303 

I 
8o85. 8 3. 9<>7724 
6294. 6 3, 79''!¢9 
5378. 9 3. 73"°95 

I 
5551. 3 3. ;443¢ 
IIIJ,6 3._045945 
3849.1 3. s85357 

I 

~I.8 3. 7847~ 
1g 7.8 3.2008 
3 21. 5 3. 5;59245 

4134.9 3.61646o 
55~.6 3. 743o87 
45 .8 3.pti16¢ 
2022. 7 3.305924 

65~.3 3, 816193 
6l .o 3.830204 
3 74 . .'; ~:~;~ 7776. 5 
4635. 5 3.660094 

~.1 
.8 

3,78.µ~ 
3:7921 

3122. 3" 3-~473 
;276. 3 
4351. 6 ~:63~~; 
6370. 4 3, 1!"4164 

~u 3,383~ 
3, 74341 ~325. 5 3.8o1094 

5866.5 3. 768382 
2471. 7 3-r998 
6~46. 4 3. 29074 

22.4 2.915075 
4479.9 3, 651270 



550 COAST AND GEODETIC SUR \'EY REPORT, Igo4. 

Mexican boundary lo Point La Joi/a-Continued. 

------------------I.~~itud~-T-~~-c--1----- ----~:::-1- - I . ' 
Station. and londs in 1 Azin1uth nzitnuth To station Distance J"~~~ .. s 

_N_a_ti_o_n_a-\C_it_y~~~-w-o_T_o_w_· ::::;:': m;,<~i-~ ~ ~' lj-2~-o-~-3- 4:.-7

1 

'-_n_r_u_s_h_I_!_i_ll----! ~e;,;~J 1-3-.~- I 

er House 11: o~ 4~~ 756 \ 12¢. 3 33 28 36. 2 213 27 29. 8 Sweetwater _<;813. 1 3. 7644o8 
1887 I 42 19 42.4 _ 222 17 48.7 Shell Hill 8158.7 _ 3.91162.1 

62 20 26. 2 242 18 09. 6 Sand Hill 7448. 5 3. 872071 

National City, San Diego 
1"3nd and 'fown Con1-
pany's office, flagstaff 

1887 . 

North Coronado Island, 
south rock, ;\lex. 

1887 

South Coronado Island, 
n~rth rock, Mex. 

1887 

Middle Coronado Island, 
Mex. 

Middle Hydrographic 
Signal 

1887 

:!Jar Buoy Station 
1887 

Hotel Bight Hydro
graphic Signal 

1887 

Beacon 3 
1887 

Beacon 4 
1887 

Beacon 5 
1887 

Beacon 6 
1887 

Beacon 7 
1887 

Beacon 8 
1887 

West Point Beacon 
1887 

Indian Point Beacon 
1887 

Indian Point Beacon S. 
1887 

Bight Beacon 
1887 

Middle Beacon 
1887 

National City Deacon 
1887 

Sao Diego, southwest 
corner l>lock 119* 

1887 

88 46 22. 1 268 43 18. 4 Glorieta Bight 8874. 2 3. 948127 
\ ·99 11 28. 5 279 09 35. o Indian Point 2 5557-3 3. 744861 

32 39 37.<fol 
117 o6 35· 186 

32 26 03.952 
117 17 38. 148 

32 25 14.858 
117 15 03. 348 

116<). 3 I 
917.0 

i 
;;uj 
457. 7 ! 
87.5 : 

-155- 21 
958.7 

32 41 25.281 I 778. 7 
117 12 33. 192 864.6 

32 41' 23. 6o8 
117 12 55.309 

32 41 11.fx>9 
117 11 20. 6oJ 

32 42 23. 19 
11; 13 55.67 

32 42 JS. 57 
117 13 10.93 

727.2 
1440.8 

714.3 
1450.0 

IJ88. I 
284.6 

349 OI 33. 6 16<) 01 56. 3 Marsh Point 
Swl't:twnter 
Indian Point 2 

5765.2 
2281. 0 II 3.5 45· o 191 35 35· 5 

141 57 3'\.· 9 321 56 38 .• 

188 02 20.s 
189 OJ 55· 7 
196 o6 40. I 

Wl 56 27.3 

180 J~ 2i. 3 
180 54 30. l 

189 28 27.6 ' 
194 44 21. 7 

181 52 51.5 
182 32 51.0 
190 42 14.0 
195 59 36. I 

55 22 41. 71 
Ill II 31.9 
198 o8 12. 4 

50 01 25.9 
116 21 42. 4 I 
264 53 04. 21· 

71 37 O<). 5 
1o8 00 20. 8 
181 29 55. 3 

I 

193 07 48. l 1· 

215 27 57. 7 

62 58 05. I ' 
202 57 3'-7 

4445. 7 

8 03 47. 3 Middle I,oma 30030. 5 
9 03 2S. 9 

1

. Cemetery Bluff I 28702. 4 
16 Jo "9-9 Old Town ' 36541. I 

n oo 5'- 2 : San Diego 2 1 34159 8 

o 18 30.8) Middle J,oma 131~7.8 
o 54 39. 9 : Cemetery lllufT 29802. o 
9 30 33· 9 . \lid T'?wn 37121. 4 

14 47 22. 21 San Diego 2 34323. o 

1 53 12. 9 , :'.liddle I.oma 31566. 2 
2 33 18. 8 ; Cemetery lllufT 301&). 8 

10 44 38. 4 ' Old Town 37571. 4 
16 02 54. 6 I San Diego 2 34845. 5 

235 21 40. 9 i l't. r,omn I,. H. (old)l 356_;. 7 
291 10 28. 2 ! S. Diego I,nt. S. 1851 32¢. o 

18 o8 58. 1 , Old '!'own 7071.8 

230 01 37. 1 Pt. Loma I,. I-!. (old), 3072. 3 
2¢ 26 50. 6 S. Diego I,at. S. 18~1 t' 2789. o 
84 53 16. l Middle Hydrog. Sig., 578.4 

251 35 29. 6 Pt. Loma l,. H. (old)\ 5o83. 4 

28; ~~ ~;J ~·1~ii~~~;at. S. 1851 ! ~:~~: ~ 

13 07 55. 8 Fisherman Point 
35 '28 47. 1 Peninsula Point 

242 57 2 J. 7 S. Diego l,at. 8. 1851 
22 57 56. 9 Peninsula Point 

1626.0 
4"99- 6 

2346. 5 
311I.4 

32 43 14- 8o 
117 12 42.00 

455.9 8g 46 27.9 269 45 55. 7 Fisherman Point 
14 45 53.9 i Peninsula Point 

32 42 53· 98 
ll7 12 40. 14 

32 42 55. 49 
117 10 47. o6 

32 41 48. 74 
117 "9 51. 68 

32 42 54- 09 
ll7 11 35.47 

32 41 25-29 
ll7 09 10. 03 

32 41 22. 29 
117 o8 39· 50 

32 40 57. 19 
117 07 41. 67 

32 40 18.64 
117 07 51. 52 

32 40 07. 64 
117 07 41. 58 

32 44 o6.03 
117 10 31. 79 

1093. 7 194 45 44. 3 

1662.8 
1045. 3 

1501.4 
1346. 2 

1666. 2 
923. 8 

779.0 
261. 3 

686.6 
1028.9 

1145. 6 
1o85. 7 

574.2 
1342.4 

235.3 
1o83.5 

185. 7 
827.7 

l&) 46 50. 5 
210 51 OI. 2 

132 47 27.0 
171 53 33. 8 

137 54 54. 6 
161 31 53. 3 

151 56 52. 5 
18g 56 42. 2 

IO 01 o8.4 
67 03 59. 3 

26 2s 16. 6 
74 38 52. 5 

67 29 52. 4 
148 59 31. 7 

77 o6 24.6 
161 31 22. 6 

85 07 59.3 
158 40 12. 3 

9 46 59· I 
30 51 50. 7 

312 46 34.4 
351 53 22. 1 

317 S3 32. I 
341 31 11- 7 

331 S6 26. I 

95656.7 

l<)O 00 58.8 
247 03 15. 9 

Peninsula Point 
Old Town 

Peninsula Point 
Old Town 

Peninsula Point 
Ol<l'l'own 

Peninsula Point 
Old Town 

:\'leridian ~lark 
Glorieta Bight 

200 24 50. 5 ·1 Meri.dian ¥ark 
254 37 52. 7 Glorieta ll1ght 

247 28 55. l , Meridian Mark 
328 59 10. 8 ' Ind inn Point 2 

257 05 32. 6 l\leridinn l\lnrk 
341 31 07.0 Indian Point 2 

265 07 01. 9 Mt'ridiall Mark 
338 39 51. 2 Indian Point 2 

Channel Point 
Peninsula Point 

2425. 6 
4645. 7 

3450.6 
3g81. 3 

5929. 4 
6323. 4 

2704. 5 
4045· 3 

2668.9 
2271. I 

2831.3 
2993.6 

2994. 7 
1955.9 

2575. I 
2370. 2 

2779. 2 
2777. 0 

2823. 0 ' 

2934.8 -1 

3. 76o817 
3. 358129 
3. 647941 

4. 477562 
4. 457918 
4. 562781 
4. 533515 

4. 494819 
4. 475119 
4. 56g624 
4. 535585 

4. 4992~3 
4.479800 
4. 574858 
4. 542147 

3. 551896 
3. 517~2 
3. 849533 

3. 48746s 
3.445482 
2. 762157 

3. 700151 
3.717627 
3.854197 

3.21112 
3. 61274 

3. 37042 
3. 49295 

3. 19017 
3. 25735 

3. 38482 
3. 66705 

3. 53790 
3.6ooo3 

n~~ 
3-43209 
3.60095 

3.42633 
3· 35624 

3. 45199 
3.47619 

3. 47635 
3. 29135 

3. 41o8o 
3. 37479 

3. 44392 
3. 44357 

274119.2 2074051.9 
93 20 40.0 I 273 19 39· I 

~--'----------'-------'---~-
*No check on this position. 



APPENDIX NO. 9. TRIAXGULATION IN CALIFO~NIA. 

Station 

Big Tonk Windmill* 
1887 

neucon 2 
1887 

nonthouse, flagstaff 
1887 

Barracks, flagstaff 
1887 

San Diego Court-House 
1899 

Point Lon1a I..,ight-house 
(new) 

1892 

LomnSoutheast Tangent 
1899 

Loma E"st Tangent 
1899 

Bluff 
1899 

Pole 
1899 

jetty 
18<)9 

Chimney 
1899 

l>hone 
18<)9 

Quarantine 
18<)9 

Cupola 
1899 

Jl.fex£can boundarJ' to Po£nt La Joi/a-Continued. 

Latitude 
and 

longitude 

0 ' 

32 36 45. 16 
117 05 16. 81 

I Sec
·Onds in 
itttclerti 

111. 
1391. I 
438 .• 

32 42 w.99 I 
117 13 45· 51 I 
32 40 48. 000 
Iii 10 28. 585 

338. 51 
1185. 4 

1478.6 
744·1 

I 

32 41 45. 207 
117 09 59. J08 

32 42 58. 576 
117 09 52. 947 

32 39 54. 66o 
117 14 31. 853 

32 39 57. 89 
117 14 19. 20 

32 40 17. 83 
117 14 o8. 57 

32 40 17. 97 
117 14 "9· 33 

32 41 33. 21 
117 14 20. 95 

32 40 35. 236 
It7 13 22. 445 

3• 41 14. 726 
117 13 29. 374 

32 41 n.818 
ll7 12 53· 8441 
3• 42 13. 561 

117 14 12. 485 ' 

32 4• 34. !07 
117 14 40. 8oo 

1392.5 
1539. 7 

(Ill/.~ 
1683. 7 

830.0 

1783. 2 
500.3 

549. 2 
223. 3 

553.5 
243. l 

1023.0 

545. 7 

ro85.4 
5"'· 7 

453. 6 i 
765. 1 . 

70>.9 I 
1402. 7 

417. 7 
325.2 

1050. 61· 
1o62. 6 . 

--------- ----------,- --

Azhnuth 

0 I /I 

70 23 55. 4 
140 59 50. 2 

183 03 28. l 
209 38 3k. 5 

170 20 ]2. I 
1722711.7 
199 32 o6. 0 
248 04 57. 4 

91 41 17. 5 
12; 40 o6. 4 
16o o8 24. 0 
229 25 56. 8 ' 
3o8 00 01. 2 

315 50 44, 5 
348 54 51.5 

349 c6 44.3 
94 40 36.9 

140 OJ 2;';. 2 

163 29 30. s 
355 01 13. 8 

55 2<> 15. 4 
79 42 43. 7 

119 42 55. 6 
152 52 41.9 

26<.J 54 57.8 
274 31 48.8 
322 07 32.3 

228 29 28. 2 
270 40 51. 2 

201 56 23. 7 
233 05 40. I 

202 21 34· I 
233 >o 34· 3 

>II 53 58. I 
261 21 25. I 

146 46 20.4 
174 42 51.5 
202 51 39. 5 

~~i =~ ~~J 
133 17 17. 8 
179 44 0,.8 
207 28 27. 6 
259 39 18. 7 
291 49 37. s 
116 33 24. 4 
201 ~6 57· 1 

58 40 44.9 
203 14 o6. 5 
11; 45 47. 8 
J>l 26 25. 6 
297 37 24. 9 
300 27 48. 5 
312 52 31.5 I 
229 47 59. 71 
•30 12 04. 4 
231 04 32. 2 
266 18 54.8 
300 37 19.0 I 
301 30 30. I 
312 00 04.5 

Dack ·ro station 

~zimut'.'_, _____ _ 

250 23 35. 8 ! 
320 sB 58. 5 ; 

~ 03·30.3 
29 39 22. 4 

Mnrsh Point 
Sweet ,,,.at er 

Fishermnn Point 
Peninsula Point 

Glorietn Bight 
Old Town 
San Diego 2 
Indian Point 1 

l,l)0203I.2i 
352 26 50. l I 

19 32 38. 9 
68 06 oo. 1 I 

271 40 37. 8 I Channel Point 
307 38 53. 2 : Peninsulu Point 
340 07 51.6 Old Town 
49 26 18. 7 Han Diego 2 

128 oo 59.6 J11din11 Point? 
135 5> 27. 4 Notional City 
168 54 54. 9 :l!ade Point 

16<.; o6 57. 7 
274 38 09- 9 
320 00 o6. 7 
343 28 52. 8 

175 Ol 29. 0 
235 •3 48. 0 
259 41 55. 5 
•99 41 33. 8 
332 52 _01.0 

895738.5 
94 36 28. 4 

142 II 24. 8 

48 30 31.0 
90 43 25. l 

21 56 44.8 
53o637.2 

22 21 55.6 . 
532131.8' 

3' 55 01., I 
81 21 52.9 . 

326 45 43. 4 
354 4• 47. 7 

22 52 51.8 
45 24 02. 5 

IOI 48 OJ. 2 

313 16 44. 4 
359 44 01.6 

•7 29 43. 7 
79 39 54.5 

11 l 51 44. 5 

2963231.8 
21 57 54.0 

238 40 34. 9 

;~ ~i :g:; 
42 28 05. 0 

117 38 24. l 
l>O 30 18.9 
13• 5• 54. 7 

49 49 13.5 
50 13 59.0 
51 05 04. l 
86 20 42. l 

120 38 33. 4 
,., 33 15.8 
132 00 43. 0 

New South 
H. Diego J,at. H. 1851 
Peninsuln Point 
Old Town 

New South . 
Pt. Loma I,. H.(old) 
Channel Point 
l'eninsula. Point 
Old Town 

N.:w South 
Chula 
Boundnry Mon. 258 

Middle 
New South 

Mud 
Middle 

Mud 
Middle 

Peninsula Point 
Mud 

S. DiegoL~l. H. 1851 
Mud 
Old Towu 
Middle 
New South 

H. Diego Lnt. S. 1851 
Mud 
Old Town 
Middle 
New South 

S. DiegoI,nt. S. 1851 
Old Town 

S. Diego I,nt. S. 1851 
i:ishern1an Point 
Peninsula Point 
Old Town 
Middle 
New South 
Mud 

Peniusula Point 
Old Town 
Fisherman Point 
Chnnuel Poiut 
Middle 
New South 
Mud 

•No check on this position. 

I ~istnnce\ 
! 

meters i 
1004. 4 . 
3974. G i 
1¢2.0. 
42;4. 0 

267. l 

i93'l· 5 
4717. I 
3600. 7 

1915.9 
44~~· 3 
45~-2 
1386. 3 
3Si.•· 6 
7240. 2 
1647. 7 

3459. 2 

7110. 2 
,.-,884.6 
6369. 2 

5678. 3 
8631. 2 • 

2361.3 I 
1~~Ul 
7760. 4 

:~~~:~ 
4049- 8 
7431. 4 

2722. 7 
3446. l 

2726 .• 
3459. 9 

5746.6 
1355.~ 

3266. 9 
1997.9 
8<)66.8 
2183. I 
6o;9.6 

221I.4 
7;3.0 

7941. 7 
1763.3 
66o6. 0 

2834. 3 
73•7· 7 

569.8 
2046. I 
4599.o 
7092. 6 

~=~~J 
15•7·5 

4652, 6 
71Sq. l 

1985.3 
5184.1 
4177-9 
9375.9 
2498.9 

55 1 

Loga
rithms 

3.00189 
3. 59929 

3. 29270 
3.63o83 

2. 426659 
3. 899682 
3. 67,1675 
3. 556386 

3.889886 
4. 131688 
4. 263473. 

3. 6o743 
3· k7I07 

3-4~~00 
3. 53733 

3. 43555 
3.53906 

3. i594 I 
3· 13>00 

3. 514136 
3- 300576 
3-95~ 
~:~g3876 
3. 344663 
2. 888163 
3. 899916 
3. 246326 
3. 819937 

~:~=~i 
2. 755734 
3. 310933 
3.66•659 
3,85o8o4 
3.5o8579 
3. 925>00 
3. 183992 

3.667694 
3. 856672 
3. 297837 
3. 714674 
3. 620<;62 
3. 972014 
3. 397746 
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JJfe.xican boundary to Point La Jolla-Continued .. 

Station 
Latitude 

and 
longitude 

I Sec
~oudsin 
\ tneters 

Azimuth Back 
azimuth To station • Distance Loga

rithms 

------------1------- -·---- ______ , ------ , ____ _ 

Theosophical Hotel, 
south tower 

1899 

Bight 
1899 

; Red Roof House 
1899 

Ballast Point ·Fog Ilcll 
1899 

lleacon 3~ 
1899 

Beacon 5 
1899 

Beacon 3 
1899 

lleacon 5~ 
1899 

Deacon 6 
1899 

Beacon 4 
1899 

Reacon6~ 
11l99 

0 "'· 32 41 23. 348 : 719. 2 
II7 12 05. 790 ' 150. 8 

32 43 o8. o84 '249. 0 

II7 14 57· 505 1497· 6 

32 41 11.,>;48 35~. 7 
117 11 19.8o1 i 515:9 

i 
32 43 49. 860 : 1535. 8 

II7 14.44.441: 1157.2 

32 42 oo. o;oS 2. 4 
117 10 15.>05 3g6. J 

32.41 to.735 330.7 
II7 13 57· 635 1501. 5 

32 42 54. 01 1663. 7 
117 13 23.24 6o5.z 

32 43 14. 77 
117 12 42. OJ 

32 42 21.52 
117 13 57. 44 

32 43 14. 38 
II 7 11 29. 43 

32 42 53. 9S 
117 12 40. 07 

32 42 38. 57. 
llj 13 10.94 

32 42 57. 51 
117 12 JI. 70 

455.0 
1094.5 

662.9 
1496.1 

443.0 
'766. 4 

1661.8 
1043.5 

1188. J 
284.9 

La Plays. Wharf, flagstaff 32 42 12. 710 
1871 117 14 03. 689 

i ·~~~:~I: 
: 3~6:i 

Diamond Beacon 
1899 

Beacon 7 
11l99 

Beacon 2 
1899 

Stone 
1899 

Ways Smokestack 
11l99 

32 42 53.88 
117 II 36. 14 

32 42 55.42 I 
II7 IO 46. gB 

30 42 II. 03 
ll7 13 45. 55 

32 43 sS.659 
ll7 13 22, 479 

1659.7 1· 

941.2 

1707.1 : 
1>23. 51 

3~.8' 

:~::1: 
s85.4 

I 
32 42 43. 117 I 1328 .• 

1

, 
117 II 24, 337 633. 8 

----'---

0- ' 

96' 33 29. 8 
192 2z 43. o 
204. 20 .38.9 
304 3i 58.8 

239 _10, 3'- 7 
243 52. 12. 8 
277 14 52.5 
jo5 12, 07.9 
3o8 13 33. 4 

:~i ~~· ~~:i 
182 19 53. 1 
310 34 II, 9 

248 oo' 53. 5 i 
290 47 31.0 
311 48. 22. 5 
320 ~ 2z.7 

'JI oi 33.6 
128 21 44. 3 
'i% 18 52. 6 

~ !6 ~;J 
151 fl> 40.9 
203 33· 5'- 7 

;;; r6 :~:g 
259 54 30.6 

4 05 18. 1 
48 SS 36.1 

22 55 15. 5 
8g 48 04.5 

330 28 14. 6 
·sS 21 33. 6 

'go 07 20.8 ' 
140 57 31.8 i 

"' 41 03, 6 
J8g 44 o8. 6 

14 'SI 48.7 
62 sB 04.7 

102 4r 39. 9 
r71 48 24. 9 

_6g 20 19.9 
220 54 13. 9 
255 JS 03.9 

rot 04 22. 1 
152 20. 39. 1 

97 25 07.7 
132 47 28. 7 

0 " 

276 33 20.6 
12 23 13.g 

I~~~;:~ 

~j ~2 ;~:~ 
97 1t 48. 9 

125 15 02. 7 
128 14 57. 0 

284 10 09.9 
287 55 35- 3 

2 19 59.1 
130 35 09. 0 

68 02 50. 2 
110 49' 20. 3 
131 51, 11. 6 
140 25 40. 7 

271 00 15. 2 
3o8 21 o8.1 
320 17 42. 8 
346 09 34.0 
164 27 16. 0 

331 56 21. 7 
23 34 42. 1 
31 33 42.6 
39 16 34, 7 
79 55 21.6 

1_8.i 05 14. 7 
228 54 59. 4 

202 54 49. 8 
26g 47 32. 4 

150 28 29. 7 
238 ~1 15. 4 

270 o6 09-4 
3'20 57 02. 1 I 
291 40 30. 4 I 

9 44 17: I I 

194 57 38. 7 
242 57 21. 4 

282 40 51. 4 
351 48 l!l. I 

249 20 05. 0 
40 55 48. 5 
75 40 32.9 

2'81 03 14,4 
332 20 13, I 

Middle 
Old Town 
Channel Point: 
New South 

Old Town 
Peninsula Point 
Channel Point · 
New South 
Middle 

i\tiddle 
S. Diego Lat. S. 1851 
Old Town . 
New South 

Old Town 
Channel Point 
New South 
Middle 

S. Diego I.at. S. 1851 
Chnnnel Point 
Peninsula Point 
Old Town 
New South 

S. Diego I.lit. S. 1851 
Peninsula Poiut 
Old Town 
Mud 
Middle 

Mud 
S. Diego Lat. S. 1851 

Mud 
Fishennan Point 

Mud 
S. Diego I.at, s. 1851 

Flshennan Point 
Peninsula Point 

Fisherman· Point 
Peninsula Point 

Mud 
S. Diego I.at. S.185t 

Fi,;herman Poiht 
Peninsula Point 

' 
~.Diego Lat. S. '1851 
Old 1'own ,-
San Diego 2 · 

Fisherman Poi~t 
Peninsula l'.oint 

Fisherman Poli1t 
Peninsula Poi11t 

me/e1'S 1· 

445, 7 
694 1 ·3 
2756, 6 
48o1.1 : 

6g38, 3 i 
4442, 6 j 
5653.6 . 

10315. 31 
5130.6 

1692. 3 
5239, 9 

~6~:~ 
6osB. 7 
5635. 2 

10851. 2 
5790, 0 

6668.3 
2223, 8 
5264. 3 
s8t7.1 
4001.5 

i 
1857,41' 
6on. 7 
8411. 7 
1157, 3 . 
2509. 7 

2291. 3 
2347, I 

;~u 
1476. 3 
1031.9 

3438, 8 
2268. 6 

1721. 2 
2425. 9 

187J, 2 
2346.1 

2396.8 
2305. I 

765, 1 
6959.9 . 
7410.71 

3326. 1 ; 
2702. 2 I 

4sS2. 9 
3453. 7 

2. 64goo8 
3, t\41439 
3.44038o 
3,6S1345 

3. 841252 
3, 647634 
3, 752326 
4,013481 ' 
3, 710166 

3. 2284i2 
3. 719321 
3, 85425~ 
3.559699 

3, 782378 
3.7sogo8 

t~i~~~ 
3. 824018 
3. 347100 
3. 721339 
3, 764710 
3. 6o2225 

3, 268go8 
3. 783742 
3,924882 
3. o6,1458 
3,399619 

3. 36oo~ 
3. 37054 

3, 50184 
3. 18g87 

3. 16917 
3,01365 

3. 53641 
3· 35575 

3. 23582 
3. J84S'l 

3. 272s8 
3. 37034 

3. 37963 
3.36269 

2. 38374 
3. 8426o 
3.86g86 

3· ~2193 
3. 43172 

3. 66114 
3. 53828 

I 
i 

336 30 48. 0 . '·'6 30 56, 7 
79 35 58.0 ! 259 35 33.4 

Mud 
S. Diego I.at. S. 1851 

1048. 2 : 3. 02045 
1208.> . 3.o82~5 

240 JI 33.4 
25S 16 40. I 
3_05 56 51. 0 1' 

20 02 18. 3 
26 51 24.7. 

";6 05 14.51 
105 II 57.0: 
150 II or.8 
185 24 14. 81 

-~ :~ 1~: ~ ~~~1~~~~ Point 1UH i ~: ~m~ 
125 57 56. o Chan11el Point 3870 7 · 3. 587195 
200 02 o8. o Fisherman Point 1444: S I 3. 159811 
2o6 50 47. 6 S. Diego I.nt. S. 1851, 3goo. 8 3. 59778o 

256 03 33.5 S.DiegoLat.S.1851 i' 5013.6 ,

1 

3.700150 
285 10 42. 9 Fisherman I'oint 3701. r 3. 568325 
330 10 29. 4 Peninsula Point 3140. 7 

3
3 .. 493~02878 s_24_2_3._3~0ld Towu ____ J_~34-1_. 9-'\ __ 6_,_u_, 
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APPENDIX NO. 9. TRIANGULATION IN CALIFORNIA. 

Mexican boundary to Point La jolla:_Continued. 

Latitude 
and 

longitude 
Sec-1 ands in 

n1eters 
Azimuth Back 

azimuth ·ro station 

553 

Loga
rithms Distance I 

~~~~~-1-~~~~~~~-l-~~~

1
~~~~-I 

Nall 
1899 

Electric 
1899 

I.,a Playa Light-house 

House, flagpole 

House, west window on ~ 
south side ' ! 

! 

Sandstone Rock• I 1887 I 

New Windmill• 
1887 

Soledad Lat. and Az. Sta. 
1899 

Station .[ 
' 

Shell Mound 
1887 

Deer 
1887 

Red Illuff 
1887 

Pine 
1887 

White Bluff 
1887 

Rallrond 
1887 

Oel Mar 
1887 

I Wave Crest Point 
188;' ! 

ll7 13 55. 717 

32 42 53. 782 
ll7 IO 09. t84 

32 42 12. 597 
II7 1.4 10.338 

I~; 1~ ~!Jj~ , 

32 47 3~· 318 
II7 14 5 .987 

32 48 52.54 
117 16 25. 75 

324711.76 
II7 15 IJ.09 

32 50 24. 52 
II7 15 07. 24 

tn. 
26o 7 

1451. l 

1656. 7 
239. 2 

269.3 388.0 I 

757.5 ' 
125.9 1 

i 

1026. 3 
1534.9 

1618.4 
669.9 

362. 2 
288.6 

i~:~ 

0 I II 

230 5u 16: 1 I 
345 57 51.5 

24 55 27.3 

347 ~i ~~: 6 
~ 25 32.6 
St 47 33.6 
¢ 37 50.0 

12a '5 53.6 I 
15 49 16. 4 

201 28 22. 2 I 

216 59 02.9 
221 56 39. 0 
313·30 42.6 

'99 n 23.5 
256 I 15.5 
3o8 40 20.4 

307 34 56. 5 
318 02 OI.O 
336 28 49. 9 

149 22 47 
191 57 53 

~ ~§ !~ 
178 32 48. 37 
358 33 

1 11 ttzeters I 
50 45 51 4 Peninsula Point 3073 l 
~o 51 46:9 Old Town 5009.9 

l 5 58 ~·7 Mud 2814.6 
20455 .l S. Diego I.at. S. 1851 2191.5 

167 36 oo. 7 Boundary Mon. 258 20482. l 

2~ ~ .:l:~ 
Pt. LomaL.H.(old) 8200.1 

~I 4g 54-2 
Mud 5693.6 
Channel Point 1920.2 

276 3~ 55. 3 FiS~erman Point 5565.9 
304 14 40. 7 : Pemnsula Point :~~n 338 48 44. 31 Old Town 

21 2~ 37. 7 Fishem1an Point 2052. 3 
37 oo oo. 2 Peninsula Point 4588.6 
41 58 17.2 Old Town 7077.0 

133 31 04. 7 Mud 1466.4 

19 54 :ls. s Hill 2161.3 
761744.2 Dack Bay 4~5·9 

128 40 49. 7 Bay Point I 1.3 

127 37 01. 2 Old Town 1t1.1 
138 02 27. I .gfan~~~ I 75.3 
156 29 39. 9 6o27. 7 

329 22 37 Sandstone Point ~·5 
II 57 59 Moss I 3·3 

331 03 18 False Point 

I 

27o8. 7 
20 19 04 Hill 2588.6 

Soledad Az. mark 
178 33 Soledad 18.02 

Point La Jolla to San Mateo Point. 

Latitude I Sec-

I 
Bl\ ck 

and ands in Azimuth azimuth To station Distance 
longitude meters 

I 
0 I II m. 0 ' II 0 I II meters 

32 54 ~.005 893.5 337 14 34. 2 157 Ii s6. 5 Round Top 2763.4 
117 15 .452 I 167.9 357 16 12.9 1~ 1 15.2 Dall 2290. 2 

! 0 09 IO. I 1 09 09.6 Soledad 7549.5 
I 

Round Top ~364.4 32 54 38. 572 I JI88. 2 353 00 44. 3 173 00 51.6 
I17 14 38. 734 1oo6.5 13 19 14. 7 193 19 02.0 Hall 265~. 7 

67 44 57.8 247 44 42.8 Shell Mound 77 .3 

32 54 53. 342 1658.6 350 16 59. 7 170 17 01, 5 Deer 477-3 
117 14 41.833 1o!!7.o. 39 54 05. 2 219 53 51.9 Shell Mound 997.3 

32 55 17.¢4 
I JII 59 28.6. : 3~ n !~:i Red Dluff 553.3 ' IllO. 7 

II 7 15 13. 002 353.4 : ~:~ ~~ ~:~ 
Deer 

~~u I 1i2 4~ 07. 4 Round Top 

I 352 58 38. I 172 ~ 42, I Shell Mound 1519.6 

32 56 22. 619 6¢.8 357 25 37.2 177 25 39. 81 Red Bluff 2737. 6 l 
117 14 46. s63 1209. 7 19 2.~ 46. 2 199 25 31.5 Pine 2II2. O 

32 56 29. 553 ~0.4 279 48 4c. o 99 49 05. 8 White Dluff 

~~:~I I17 15 34. 092 5. 5 33~ 16 14. 0 1~ 16 42. 4 R~d Bluff 
34 25 41.3 1 25 52. 4 Pine 2 . 7 

32 57 22. 740 700.5 331 02 40. 2 l~l 0§ Ot.6 White Bluff 2I16.6 
Iii 15 26.009 675.:; 7 18 09. 6 1 7 I 05, 2 Rnilroad 1651. 9 

32 57 38. Oii 117 53 22. o Del Mar 1005.8 1171. 0 297 53 03.41 
I 17 16 00, 238 6.2 342 o8 52. 9 162 09 07. l I Railroad 2215.6 

•No check on this position. 

3.74 55 
3.449424 
3.340745 

4. 3n~75 
3.913~~ 

~:m~39 
3. 745537 
3. 629130 
3.631794 

~:1li6:~~ 
3.~51 
3· I 257 

3.~714 
3. 2063 
3. 255582 

3.8789~ 
3.27307 
3. 78o149 

2.9816o 
3.10149 

3.43276 
3.413o6 

l.25575 

J,oga-
rithrns 

3.44~ 

~:~~7917 
3.457028 
3.423849 
2.891130 

2.=9 2. 5 

3.~581 
3.1 ~ 
3.627 
3. 181734 

3.437~7 
3· 324 I 

3.097951 
3. 511348 
3. 355;70 

3. 325635 
3. 2l7974 , 
3.002512 
3.345483 



554 COAST AND GEODETIC SURVEY REPORT, 1904. 

Point La Jolla to San Mateo Point-Continued. 

-~-- ---··-----·---·-- ---------
Latitude Back Loga-

Station and :onds in Azimuth To station Distance 
longitude imeters azimuth rithms 

I --- -
0 , 

tll. 0 II 0 ' 
,, 11Ulers 

Red Cliff 32 58 56.934 1753.9 334 36 07. 2 '&3 36 36. I Del Mar 3212. l ! 3.506785 
1887 117 16 19.052 494.6 348 38 Il.O 1 JS 21. 3 Wave Crest Point 2479.9 3.394431 

San Dieguito 32 57 31. 479 ¢9.7 68 39 55.5 2483941.1 Del Mar 739.9 2.869194 
1887 117 14 59. 472 1544.5 141 52 24. l 321 51 40. 8 Red Cliff 3346. 7 3.524622 

Town l~; n ~~:~~ 161.2 349 IO 45·3 J 
16<) IO 50. 5 White Bluff 1336.5 3. 125979 

1887 146o.3 7 46 53. 7 187 46 44. 2 Pine 3335. 2 3.523123 
124 52 50. 9 304 52 34. 7 Del Mar 

r.~:~ 2. 974542 
174 02 23. 9 354 02 22. I San Dieguito 2.910036 

Pebble 32 59 49.991 1540.0 342 15 33. 4 162 16 02, 0 San Dieguito 4m•9 3.651270 
1887 117 15 52. 032 1350.8 351 31 31.2 171 31 45. 4 Del Mar 4 . 2 3.661457 

3 00 02.3 182 59 57·~ Wave Crest Point 4071.3 3. 009736 
23 J3 51.5 203 J3 36. Red Cliff 1778. 7 3.250093 

I.edge 33 00 02.244 69.1 287 o8 38. 2 107 09 03. 9 , Pebble 128o. 3 3. 10730J 
1887 117 16 39. 150 1016.5 330 51 40.3 150 52 34. 6 San Dieguito ~~:~ 3. 725666 

338 51 38. 2 158 52 18. 1 Del Mar 3. 721644 
345 27 17. 4 165 27 28. 4 Red Cliff 2078. 5 3. 3'JJ,59 
347 II 02. 6 167 II 23. 9 Wave Crest Point 4556. 7 3.6 47 

Search 33 01 J4. 797 455.8 353 22 18. 0 173 22 24.4 Pebble 2630. I 3.419973 
1887 117 16 03. 726 ~-7 22 22 05. 5 202 21 46. 2 Ledge 24J6.9 3. 383254 

San Elijo 33 OJ 05. 057 J55·8 257 41 37· 2 77 42 o6. l Search 14o8. 2 3. 148653 
1887 117 16 !;6. 736 1472.6 324 00 JS.O 144 00 50.3 Pebble 2858. I 3. 456o72 

346 43 46. 7 166 43 56. 3 Ledge 1988.1 3. 291l439 

Rancheria 33 01 3~· 218 l2o8. I 298 02 30. I 118 02 59. 8 Search 16oo.o 3. 204125 
1887 ll7 16 5 . 138 1scB.7 332 58 34. 2 152 59 !O. 3 Pebble 3777. l 3.577153 

350 38 01. 3 1703811.7 Ledge 3027. 7 3. 481114 
358 01 J2. 6 178 01 13. 4 San J>lijo 1053.0 3· 022411 

Flint 33 02 21.420 ~9·9 336 35 24. 9 156 3.5 43.6 Search 2236. 4 
~:n~~ 1887 ll7 16 37. ¢2 5. J 21 56 14.4 201 56 03.4 N.ancheria 1401.5 

Encinitas 33 02 19.042 586.6 267 29 27- 7 87 30 02. 9 Flint 1676.6 3. 224417 
1887 117 17 42. 511 1103. 1 ~~~ ~~ i~:H 

127 40 44. 4 Bearch ~~~:~ 3.510364 
136 ~ 04.0 Rancheria 3. 225973 

332 28 03. 0 152 28. 0 Sau Hlijo 2570. 2 ~:i= 338 40 49. 0 158 41 23. 6 Ledge 4523. 6 

Kincaid 33 o~ 18. 908 sR2. 5 342 27 33. 0 162 27 58.4 Search 4009. 7 3. 6o3ll4 
1887 117 10 50. 289 1304.7 349 45 42. 7 16<) 45 49. 4 Flint 1799.6 3.2MJ81 

3 47 41. 3 183 47 37. 0 Rancheria 3~.8 ;1.4 241 
36 18 32. 2 216 18 03. 7 Encinitas 2 . 5 3. 359544 

Leucadia 33 03 29. 325 903·4 279 J8 47. 0 99 19 28. l Kincaid 1981.7 3. 297043 
1887 l! 7 18 05. 668 147.0 312 35 04. 9 132 35 52. 7 Flint 3091.0 3.490097 

344 29 20.5 164 29 33· I Hncinitas 2246. 9 3.351590 

White Kock 33 04 48. 529 
; 

J495· 0 345 46 43. 2 165 46 57. ~ Kincaid 2848. I 3.454554 
11l87 ll7 J7 17. 259 447· 7 8 05 .54·6 188 05 40. Encinitas 4651.4 3.66h585 

27 14 IO. 9 207 13 44. 5 Leucadia 2744.1 3. 43 401 

Scott 33 03 JS. 749 I 193. 7 2611901.~ 81 19 43.0 White Rock 
~~~:~ n~m . 1887 117 1 33· 372 865. 7 312 35 59· 132 36 56.0 Kincnid 

341 25 27. J 161 25 42. 2 I,eucadia 2256. 2 t~g~~~ 342 57 04. 9 162 57 32. (, Encinitas 4501.5 

Rock 33 o6 40.637 125J.9 345 19 57. 8 165 20 16. 8 White Rock 3569.9 3. _552661 
1887 II] 17 52. 110 IJS.I. 2 15 54 30. 9 195 54 o8. 4 Scott 3904· 4 3. 591555 

Post 33 o6 37. 374 1151. 3 267 26 26.9 87 27 14. 4 Rock 2257. 91 3. 353703 
1887 117 19 19. 109 495.5 316 41 25. 7 136 42 32. 2 White Rock 46o7. 4 ; 3.663452 

342 00 54· J 162 oJ 19. 1 j Scott 3842. 0 3. 584561 

Escondido 33 o8 04. 824 148.6 321 49 34. l 141 So 17. o . Rock 3298. 7 3. 5J8346 
1887 Jl7 19 10. 745 278.5 4 36 o8.5 184 36 03. 9 i Post 2702. 7 3.4318o4 

Mull 33 o8 56.367 1736.5 302 34 59· 3 J22 35 51. 7 F.scond!do 2948. 0 3. 469522 
1887 117 20 46. 577 1207.1 312 44 32. 3 J32 46 07. 6 Rock 6159.3 3. 789528 

332 05 30. 0 152 o6 17. 8 Post 4845.1 3. 685305 

Kelly 33 09 46.740 J50I.5 338 51 56.1 lsS 52 43. 2 Rock 6212.i 3.7~2~8 
1887 117 19 JS. 503 479·51 

356 24 20.5 l 76 24 24. 7 I Escondido 3207. 3.5 l 2 
0 09 10.1 t8o 09 ~· 71 l'ost 5895.4 3. 77051[ 

54 44 57.0 234 44 . 8 Mull 2795. 0 3.446388 



Station 

APPENDIX NO. 9. TRIANGULATION IN CALIFORNIA. 

Point La Jolla to San Mateo Point-Continued. 

-----,------,.----.-----,--------.---
1 8ec· Latitude 

and 
longitude 

:onds in Azimuth 
! meters 

Hack 
azimuth To station 

·--·----- ----- ------· --·-- ------ ·---··---·-·-- ----------1 

Fire 
18S7 

1 'fresth: 
1887 

Sau I..uis 
1887 

Oceanside 
1887 

Spade 
1887 

Rnhbit 
1887 

Quartz 
1886 

Mound 
1886 

Flores Hill 
1886 

Bar;ancn Blnff 
1886 

Horno Bluff 
1886 

Horno Hill 
11i86 

Cuate Hill 
1886 

Cuate Bluff 
1886 

Onofre Hill 
1886 

Onofre Bluff 
1886 

Cuchillo 
1886 

Medio 
1886 

:Mesa Point 
1886 

0 I 

33 11 26.318 
l17 20 17. 040 

33 10 1.5. 393 
l17 22 .2. 938 

m. 
8J0.8 
441.5 

1398.4 
335.2 

33 12 .,a 398 258. 7 
117 22 39. 307 !018. 0 

33 13 37.820 1165.1 
117 21 59·'!9-~ 1553.6 

33 ll 58. 326 j 17¢· 8 
117 23 13 742_ I 355.9 

33 15 26.;05. 810.4 
117 26 "9· 4 '7 ' 243. 5 

33 18 35. 5"9 
117 25 24. 398 i 

" 17 o6. 358 I 
117 27 34. 617 I 
33 19 13.790 

117 27 34. 746 

33 18 01. 193 
117 28 2i;865 

172. 8 
1204. 7 

1093. 9 
631. 2 

195.9 
8<)5. 9 

0 I/ 

333 13 28. 9 
9 24 31. 9 

247 12 45. 8 
291 o6 o6.8 
326 19 12. 5 

289 22 14. 8 
3"9 34 40. 0 
345 02 32. 8 

326 38 2'.0 
329 19 51.0 

20 16 59· '} 

211 55 12.4 
250 48 55. 7 
324 57 50. I 

297 20 49. 9 
324 36 57. 0 

328 47 00. 8 
353 38 o8. 3 

71 52 44. l 

331 15 30. 4 
lI 18 10.7 

2W 48 09. t 
287 34 33.5 
324 24 42. 6 

289 16 05. l 

359 57 04. 1 

2o8 35 12. 8 
257 01 oS. 3 
324 o6 16.6 

·1 
33 1.9 51.560 i 

117 30 09.015 i 
1588. 5 ! 286 14 47. 0 
233. 2 I 320 48 22. 3 

33 2• 16. 538 I 
117 29 31. 400 

33 21 50. 849 
117 31 01. 833 

33 21 16. 649 
117 31 57.101 

33 22 34. 6Q6 
117 32 19. 388 

33 22 05. 293 
l17 33 17. 36o 

33 23 45. 880 
117 33 45.359 

33 2• 59. 831 
l17 35 02. 378 

33 22 37. 49J 
u7 34 07. c61 

1566.6 
47.4 

1o68.9 
501.2 

163.1 
448.8 

294 19 15. 7 
339 36 3<1. 4 

233 35 31.0 
270 02 26. 7 
313 "9 21 .4 

303 57 53.8 
346 31 21. 2 

238 50 37. 3 
277 13 38. 8 
305 49 53.5 

1413. 51 314 37 Ol. 3 
I 172. I 346 51 09. 8 

1
. 

76 49 16.8 
JJ6 13 18. 9 

u55. o ; 
198.0: 

l21 42 39. 7 
170 17 16.4 
234 30 59 .. 'l 
28o 24 o6. 7 
301 44 47. 4 

115 57 14. 8 
195 17 55 .• 
271 45 o8.4 

0 

153 14 00.9 
Ill<) 24 15. 7 

67 13 49. 2 
ltI ft'] 42.2 
146 19 59. 7 

146 39 19. 0 

;:.; ~~ ~u 
31 55 52.8 
70 49 14.6 

144 58 23. 5 

117 23 o6.6 
144 38 3.'l· 3 

148 47 ~9· 2 
173 ;18 26. ;I 
251 51 25. 8 

151 16 24. 0 
191 17 46.0 

50 49 20.6 
107 36 38.6 
144 25 29.4 

109 17 16. 7 
179 57 04. 2 

28 35 38. 7 
77 02 45.8 

144 o6 42.6 

1o6 16 n.8 
140 49 21.2 

127 51 04.9 

:~~ ~~ ~·u 
200 22 44.9 

IJ4 20 05. 4 
159 37 03. 4 

53 36 01.4 
90 03 46. 8 

133 IO 20,8 

123 58 36. 5 
166 31 33.5 

58 51 09. 2 
97 14 54.4 

125 50 37. 7 

134 37 48. 6 
166 51 25.2 
256 48 JO. 7 
2g6 12 27. I 

301 42 16.0 
350 17 07. 0 

54 31 41.7 
100 25 36. 4 
121 45 4S· 2 

295 56 44. 7 
15 18 07.5 
91 46 o8.o 

~~vr 
Fire 

~~lr 

]<'ire 
Kelly 
San Luis 

Wire 
Snn l..,uis 
Trestle 

Wire 
Oceanside 

Wire 
Ocenusid~ 
Spade 

Rnbbit 
Spnde 

Quartz 
Rnhbit 
Spade 

Quartz 
Mound 

Flores Hill 
Qnartz 
Mound 

Flores Hill 
Barranca Bluff 

~l~:~:um 
Barranca nluff 
Homo llluff 

Horno Hill 
Homo Bluff 

Cunte Hill 
Homo Hill 
Horno Bluff 

Cunte Hill 
Cuate Bluff 

Onofre Hill 
Cuate Hill 
Cuate llluff 

Onofre Hill 
Onofre Hluff 
San Mateo Point 
County Boundary 

Ran Mateo Point 
Countv Boundary 
Cuch ii lo 
Onofre Hill 
Onofre Bluff 

Medio 
Cuchillo 
Onofre Hill 

~555 

Distance1~=-1 nth ms 

meters 
3367. 0 
4682. ~ 

3256. 4 '1 

4844.8 
4035.9 

3900.4 
6750. 7 
2646.8 

4850.0 
8203. 9 
2<)36.9 

361J. 4 
944.3 

2743.9 

7270. 5 
z851. 5 

~~u 
3890. 8 

5266. <; 
5944· I 

4346. 7 
6191. 7 
3790. 0 

3572. 0 

3925. 8 

2547. I 
4711. 2 
2o85. 3 

4156. 2 
4386. 7 

8o88. I 
4837. 4 [ 
628t. 1 
2792. 8 

2565. 9 
3920. 5 

1775. 3 
3767. I ! 

3831.91 
2417. 5 
2472. 5 

1751, l I 

3531.8 I 
2559. 5 

3121.9 
3182. 2 
3192. I 
2718. 2 

1313.6 
2657.5 
2444. 4 
4283. 5 
3192.5 

1572.9 
2184.4 
28oo.o 

3· 512732 
3. 685275 
3.6o5943 

u~~U5 

3.42271~ 
3 685738 
3 914018 
·' 467886 

'l. 557673 

~:m~~~ 
3.861566 
3. Sg5284 

3. 726177 
3. 8&1525 
3. 590036 

3. 721525 
3. 774o84 

3. 638162. 
3. 7918!0 
3. 578635 

3. 552915 
3.593933 

3. 4o6o46 
3.673136 
3. 319162 

3.618699 
3. 642134 

3. 907845 
3. 684616 
3. 7g8o32 
3. 446o.io 

3. 409234 
3. 593346 

3. 249283 
3. 576o10 
3. sh34l2 

3. 383362 
3. 393138 

3. 243307 
:;. 547'l'l3 
3· 4o8162 

3.494425 
3. 502731 
3. 504o81 
3. 434284 

3. I 18466 
3. 424476 
3. 38816<] 
3. 6318oo 
3. 504133 

3. 1g6;03 
3. 3.'19330 
3.447165 



Ridge 
1886 

Station 

Road Knoll 
1886 

COAST AND GEODETIC SURVEY REPORT, 1904-

Point La Jolla to San Mateo Point-Continued. 

Azimuth j ___ n_a_c_k ___ , ___ T_o_s_t_a_t_io_'_'_ -- _D_i_s-ta_•_•ce_,l, __ x._o_g_a_-_ I nzitnuth , rlthms 

3:0 1; 4~~ 0 I 

Latitude ! Sec- j 
and ionds in• 

longitude : meters 

0 I 1' 1--,,,. 
33 22 26. 393 ! 813. I 

117 30 40. 670 i 1051. 3 26 32 55. 5 
. 42 36 28.6 , 

95 43 53. 5 

33 17 00.324 
117 24 44. 458 

I 
! I 117 JO 17.3 I 

IO.O 37 12 16. 2 ! 
1150. 6 92 25 40. 9 

J6o 35 24. 5 
318 2' 31. 2 

0 I II 

140 14 27. I 
2o6 32 43. 9 
222 35 46. 6 
275 42 59· 2 
297 o8 35. 7 

217 JI 29.6 
272 24 07.5 
340 35 02. 6 
138 2l 02.9 

Hon10 Hill 
Cuate Hill 
Cuate Bluff 
Onofre Hill 
Cuchillo 

Spade 
Mound 
Quartz 
Rabbit 

meters 
2799. 7 
1224. I 
2919.1 
2564. 6 
5365.0 

3636. 5 
4407.0 
3109.0 
2255.6 

3. 447110 
3. o87815 
3. 465246 
3.409018 
3. 729570 

3.s6Q679 
3.644141 
3. 492618 
3. 353268 

' Shi~~ Bluff 

I 
33 15 40. 976 

ll7 26 21. 524 
144 16 56.4 
195 22 03.4 
259 16 36.8 
325 15 04. 4 

324 i6 16. 2 
15 22 34. 7 
79 18 OJ. 7 

145 15 II. 0 

Mound 
Quartz 
Rabbit 
Spade 

3239. 8 
5576. 2 ' 
4o82. 2 i 

3. 510518 
3. 746340 
3. 61"895 
2. 740552 

i Vailetta Point 
1887 

San Marcos 
i887 

Stewarts Point 
i887 

Snnta Margarita Ri\'er 
1887 

33 05 30. 8<}2 
u7 iS 51. 128 

33 o6 01. 4o6 
117 17 42. 515 

33 07 46. 764 
117 20 03. 012 

33 14 12. 735 
117 25 o8. 442 

951. 7 
1326.0 

43.3 
1102.4 

392. 3 
218.6 

North Mission 
i887 

33 13 18. 617. 573. 5 
117 21 48. 851 i265. I 

South Mission 
1_887 

33 12 35· 177 1o83. 7 
1.17 21 31. 939 827. 2 

Mission Knoll 
1887 

33 13 11.545 355.7 
117 19 48. 269 1250. 2 

San I,uis Rey Mission, 
tower 

1887 

.San I,uls Rey Hotel, 
windmill 

1887 

33 13 56. 66S 
"7 19 07. 703 

33 13 46. 305 
ll7 19 47. 194 

Del Mar, S. F.. Biery's 32 57 l 1. 668 
office, tower i 17 15 57. 696 

i887 I 

Del. Mar Schoolhouse, 132 57 16. 746 
spire 117 1 s 40. 037 

1887 

Del Mar Pavilion, south I 32 56 53. 838 
gable 1117 15 21. 550 

Oce:~~de House, west I 33 12 09. 828 
chimney 117 22 40. 432 

1887 ,, 

Oceanside. R. I .. Couts' 33 12 oo.9¢ 
house, flagstaff I 117 22 56. 359 

i745.8 I 199.4 

1426.5 
1222. 2 

359.4 
1498.5 

515.9 
1039.8 

1658.4 
559.7 

302. 7 
1047·3 

J6o 29 40. 8 340 29 25. 5 I>ost 
Rock 21~2719.0 352751.2 

298 II 12.4 118 12 03.6 White Rock 
Scott 344 00 o6. 8 I i64 oo 16. 5 

113 52 22. l 
168 22 10.6 ! 
343 43 59. 0 

27 23 II. J 
62 09 23.6 

152 13 55. 4 
197 03 42. I 
247 40 07. 3 
300 57 55.9 
331 57 51. 7 

211 21 41.2 
282 25 03. 7 

~~ ~~ :~:~ 
31 o8 14. 7 

153 59 31. I 

64 41 56.5 
161 52 48. 5 

67 21 21.9 
94 00 02.4 

37 04 42. 2 
74 19 13.5 

I 29 21.6 
74 51 29. I 

175 20 53· I 
247 29 12. 5 
334 42 '4· 5 

141 18 35. 9 
243 07 19. 2 
353 56 11.4 

233155.7 
143 33 34. 8 
172 35 22. 4 
316 36 59.4 

344 41 oS. 8 
67 40 25. 5 

201 07 02. 5 
28<} 50 00. 7 

79 39 OJ. 3 
2o6 04 09· 2 
242 41 25.0 

29~ g~ ~n 
~3 44 12. 7 
207 22 43. 3 
242 o8 46. l 

332 13 31. 6 
17 04 o6.5 
67 40 35.9 

:~~ ~§ ~u 
31 22 26.o 

102 26 47. 0 
134 46 36. 7 
144 21 21.4 

Post 
Rock 
White Rock 
Scott 
Vailettn Point 

Mull 
Kelly 
Escondido 
Rock 
Post 

Rabbit 
Wire 
San I,uis 
Oce~uside 

2n 07 47. J San I,uis 
333 59 25. o "Wire 

244 41 i9. 6 San I,uis 
341 52 39. 2 North Mission 

247 20 25. 1 South Mission 
273 5~ 56. 3 North :\fission 

217 04 20. o I Mission Knoll 
254 17 45. 2 North Mission 

i81 29 21. o 1 :Mission Knoll 
254 50 22. 41 North Mission 

355 20 51. 7 Wave Crest Point 
67 29 29. 7 Del Mar 

154 42 27. 3 Rail road 

2-21 18 24. 9 
63 07 26.8 

173 56 14.6 

203 31 48. 9 
323 33 13.8 
"52 35 20.0 
136 37 18. 4 

Wave Crest Point 
Del Mar 
Railroad 

Railroad 
Wnve Crest Point 
Del Mar 
White Bluff 

i64 41 24. o Trestle 
247 40 07. 3 Oceanside 

21 07 24. 7 Wire 
109 51 19. 31 Fire 

1887 I i 334 13 09.6 
I 

259 38 51. 8

1 

Oceanside 
26 04 40. 1 Wire 
62 41 34. 3 SAn Luis 

154 13 33. 4 Trestle 

550. 2 i 
2172.8 ~ 
2637. 9 . 
2762. 2 
t6jI.O 

2738. 7 

~~~v: i 
2867. 6 . 
2012.3 . 

2423. 4 ' 
3930. 8 . 
1464.6 
3958.0 
2421. 7 

2527. 3 
658.2 

3. 337020 
3. 421259 
3. 441254 
3. 222977 

"3. 437550 
3. 091302 
3.-368¢2 ' 
3· 457520 
3· 303689 

3. 384424 
3. 594478 
3. 165720 
3. 597476 
3. 384127 

3. 6c.9866 
3.698646 
3. 735546 
3. 707216 

1930. 0 3. 285554 
14o8. I 3· 148635 

2909. I . 3. 46376o 
3130.0: 3.495551 

i742. 3 
4334. 2 

839.3 
4o8.5 

1462.0 

816.0 
1691.6 
897.8 

1323. 2 

2. 910732 
2. 949817 
3· i56840 

2. 923922 
2.611157 
3. 164943 

2. 9n677 
3. 228292 
2. 953201 
3. 121627 



APPENDIX NO. 9, TRIANGULATIO~ IN CALIFORNIA. 

Point La Jolla to San Mateo Point-Continued. 

,-----S-ta_t_i_o_n----~---La-!-~-~-d-e--o1-nn-8e~-ets-ce;r·18·1- A-z-i1-n:t_h_l--a-~-~-c:_t_h___ To station l Di=-

557. 

Loga
rithms 

1 

longitude · i I ' ------- ---1------,,------1---------1----- -----· 

1-::e~nsid~-Windmill 
I 1887 

Oceanside, South Pacific 
Hotel, flagstaff 

1887 

I 

Oceanside .i?choolhouse, 
spire 

1887 

Ocennside, J. C. Hay's 
house, cupola 

1887 ! 

; Carlsbad, J. Shutte's 
I house. weather vnue 

1

. 

! 1887 

I c~~~~r~~rMull 's house,! 

i 1887 

l 

Carlsbad, tank house 
1887 

Vail's (Dr. A. I+.) house, 
pipe 

1887 

I
, Leucadia Windmill 

1887 

' 1 EncinitasCottage,chin1-
ney 

1887 

Itncinitas Schoolhouse, 
chimney 

~887 

House near lO:ncinitali, 
front door 

1887 

0 , ,, 

33 ll 57. 238 
117 2' 31.063 

33 II 48.243 
117 22 24. 626 

33 II °'}. 518 
117 21 40. 640 

33 09 31. 575 
] 17 ::zi 01. :212 

3J "9 01. 838 
117 20 35. 284 

m. 
1763. 2 
820.2 

1335.7 
1513. 7 

1486. 2 
637.9 

293. 2 
1052.8 

56.6 
914,4 

33 "9 36. 381 1120, 8 
l 17 21 o6. 163 16o. 2 

33 o6 03. o69 94. 6 
117 18 57. 725 ! 1496. 8 

33 03 53. 533 1649. 2 
117 17 47.032 1219.9 

33 02 47. 977

1

11478. o I 
117 17 26. 901 097. 9 

I 
33 02 38. 503 

117 17 44.418 

33 02 15.939 
117 16 15. 434 

T186. 2 

1152. 3 

Stewarts R. R. Statio11, 33 07 51.628 
warehouse, west ga):>le 117 19 46. 582 

1881 I 

\ Lt:ucadia, club house, 
tower 

1687 

Itnclnita• Hotel, chim
ney 

1887 

33 03 51. zoz 'I 117 18 12.8¢ 

' 

33 02 42. 471 !' 
117 17 34.919 

i 

1593.0 
334.5 

13o8.5 I 
906.0 

i 
I 

171 14 18.8 

::~ ~~ ~~: ~ 
234 31 05. 3 
277 o8 34. 4 
326 34 07.4 

148 31 03.9 
190 41 50. 2 
198 24 13. 5 
223 20 20.9 
281 32 29· I 
351 o6 41. 2 

48 23 19.4 

~~~ ~ ~:& 
304 02 18. 7 

140 44 56. 9 
191 56 IO, 5 
258 45 16. 7 

186 03 38. 6 

~~ ~ ~~:~ 
140 52 32. 4 
200 35 57. I 
262 13 16.6 

~~ ~& :',i:~ 
271 29 59.0 
350 12 27. 2 

32 57 20, I 

204 30 11.9 
305 55 23.6 
357 4 I 32. 4 

24 26 21.9 

:a~~:~:; 
224 54 27. 3 
302 47 20. 8 

16o 36 07. 3 
228 26 43. 3 
355 16 54·? 

350 50 oB. 3 
44 24 48.5 
92 25 46. 0 

1o6 o6 48. 3 

142 03 42. 7 
.191 24 05 .• 
246 21 37,6 
3o6 22 44· 9 

159 52 22. 3 
219 29 sa. 2 

~ ~~ ~~j 
344 47 Il.5 

15 16 "9· 0 

:a6 ~~ ~~:~ 

0 I II 

271 45 30. 4 
. 330 03 43. 8 

14 49 31.1 

:~~ ~~ ~:~ 
351 13 52. 4 

23 13 54.5 
32 42 32. 3 
54 31 52. 7 
97 10 02. 8 

146 34 32. 3 

328 30 55. 8 ,. 
IO 42 o.~.6 
18 24 33.0 i 
43 20 49.7' 

101 33 38.9 i 
171 o6 47.6: 

028 23 01. 8 
353 44 10.3 

76 33 57.4 
124 03 36. 5 

Oceanside 
San Luis 
Wire 
Fire 
Trestle 

Rabbit 
Wire 
San Luis 
South Mission 
Fire 
Trestle 

San Luis 
Wire 
North Mission 
South Mission 
Fire 
Trestle 

Trestle 
Wire 
Fire 
Kelly 

320 44 17. 7 , Trestle 
17 Sb 34. 7 Fire 
78 46 12. 9 Kelly 

6 03 48.6 
54 01 12.5 

128 43 27. 2 

320 51 55. 9 
20 36 24. 0 
82 14 15. 5 

332 18 51.8 
55 46 42. I 
91 30 40. I 

170 12 30. 8 

21> 5709. 9 
24 30 28. 1 

:;~ ~i ~: ~ 

Fire 
Kelly 
Escondido 

Trestle 
Fire 
Kelly 

Post 
Rock 
San Marcos 
Vailetta Point 

Leucadia 
White Rock 
Kincaid 
Encinitas 

204 26 13. 4 . Encinitas 
321 42 04. 3 I Leucadia 

3 51 14. o White Rock 
44 54 47. 3

1 

Kincaid 
122 47 47.5 Flint . 

340 35 55. 7 ; Leucadia 
48 27 12. 81 Kincaid 

175 16 55. 9 linclnitas 

170 50 14. 71 Search 
224 24 25. 2 Rancheria 
272 24 58, 5 Encinitas 
286 o6 36. o I Flint 

322 03 09. 9 I Mull 
11 24 20. 6 ' Kelly 
66 21 57. 2 Escondido 

126 23 47.4 Rock 

339 52 lo. 2 Scott 
39 30 28. 6 White Rock 

ns 14 57. 4 Kincaid 
164 33 52. 4 Encinitas 
164 47 15. 5 I Leucadia 

195 16 04. 81· Encinitas 
331 04 o6. 2 Leucadia 

6 43 46. 5 White Roe)< 

meters 
1090.4 
3¢.7 

~ri~J 
2265. 8 

8174.8 
3837. 4 
916.9 

2751.0 
4213.5 
2139. 5 

728.1 
3435.5 
2934· 3 
tg88. t 

3373. 2 
1959·7 

Ill9. I 
45¢.2 
2226.6 
4444.5 

2936.9 
3715. 5 
2713.5 

4476.0 
2458.9 
2So8, 2 

2740. 7 
3618. 2 
2816.1 

1193. 4 
2057. 7 
195'"9 
1005.9 

888.8 
1861.9 
1817.9 
2913. 2 

979.1 
1623.0 
3722. 1 
1345.4 
1510.5 

:~~ll:~ 
6o1.5 

1907.9 
1sS3.6 
2261.6 
6o8.5 

;~:~ 
~~:~ 

3.048883 
3. 662395 
3. 347643 
3. 647827 

3.467887 
3· 570017 
3.433523 

3.65o892 
3. 390143 
3.448429 

3.43$8 
3.55 ¢ 
3.44 6 

3.076796 
3. 313374 
3. 290232 

3.002564 

2. 948781 
3. 2699t 
t:~~~7~ . 
2.990819 
3. 210314 
3. 57'!1!!9 
3. 128864 
3. 179134 

3. 22oo67 
3. 27337• 
2. 779270 

3. 28o~8 . 
3. 199(>40 

t~~~b 
3. 402942 
3. 5659o8 
3.oo6o32 
3.566598 

2.873957 
3, 21728o 
3· 592209 
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Pot'nt La Jolla to San Mateo Pot'nt-Continued. 

·---

I 
I 

I I,atitude I Sec- Back 
i I,ogn-

Station and ,onds in Azimuth To station Distance j 
longitude meters azimuth 

1---
rithms 

I 
---·-· ---- --- ·----

0 I II m. 0 .. II 0 f II meters 
Stars-es' (J. A.) house, 33 02 11.949 368. I I03 18 37.0 283· I8 ~- 5 I Eucini tas 949· 3 2. 97739I 

chimney I 117 17 o6.911 179.3 I91 48 27. 9 II 48 . 9 Kincaid 2w7. 3 3. 323734 
I887 248 46 I6. 7 68 46 34. 5 Flint 8o5.9 2. <)0626I 

3I7 OI 52.5 I37 02 26. 9 Search 2405.9 3. 381282 

Schoolhouse, pipe 33 o6 09.653 ~u 3I 55 31.2 2II 55 ~.6 Vailetta Point I4o6.9 3. 14826o 
I887 117 I8 22. 439 2I9 28 5I.4 39 29 .o Rock 1236. 7 3. 092276 

283 47 I6. 3 103 47 38. I San Marcos Io65.9 3. 027736 

Oceanside, bank build• ( 33 II 45· 853 I4I2.7 :~; ~g ~g 297 32 59. 2 Oceanside 830. 7 2.919467 
ing, tower Il7 22 45· 307 1173.5 12 36 47,4 San Luis ~I.7 2.~II 

I887 278 53 40. 4 98 55 01.6 Fire 3 7.4 3. 62 

I 
335 45 39.0 155 45 56. 7 Trestle 

I 
2042. 6 3. 310187 

Bank I 33 14 20.029 617.1 I20 IO 42. 9 300 09 28.5 Spade 4o62. 9 3.6o8836 
I887 Il7 23 53· 7I7 1390.7 18~ I5 54·4 J I5 58.3 Rabbit 3257.9 3. ~12937 

34 39 24.8 l 39 46.7 Oceanside 4486.5 3. 65I904 

Soledad Canyon R. R. j 32 55 II.35 I ~~:~ 44 5~ JI 224 56 59 Red Bluff 761.9 2. 88I92 
Croso;ing, post• u7 14 21. 12 l4I 4 17 321 47 37 Railroad 3o65. 7 3. 48653 

1887 

San Luis Rey, Gold-1 33 13 46.72 I I439-4 355 57 02 175 57 04 Mh:sion Knoll Io86.5 3. 036o2 
baum's barn, south Il7 19 51. 23 1326.5 49 48 12 2~ 47 17 South Mission 34I4.6 3. 53334 
gable• ' I 

I887 i I -

San Malet:> Point to Newport Ba;1 

I I,atituje Sec- I I Distance Station and ondsin Azimuth Back To station Log a-
azimuth rithn1s 

longitude meters ' 
------1 ---- ----

" ' " m. 0 I •I 

' 
0 I " meters 

Westminster M 46 09.68o 293.2 359 00 31. I I m~~:~ I.as Ilolsas ~-7 3. 9824856 
1873 l 00 24.145 62I.4 103 I4 o6. 2 l,os Cerritos 14 . I 4. I721¢2 

Santa Ana I~~ ~;:m 
1309.6 SS 39 03. l 2t ~ 58.6 Las Bolsas I3283. 7 4. 1233203 

I873 I474· 2 li13 !O 43· 8 2 3 35. 5 'Vestn1inster n810. 2 4. 0722555 

I La Mesa 33 37 s6· I56 I730.l I3l 42 "!>·7 3~~~J 
Las Bolsas 8423. 7 3. 9255049 

I873 u7 s6 13. 524 345.6 201 SS 17. 7 Santa Ann 13501.4 4. 1303787 

French Hill 33 38 59.490 1832.8 So 42 12.i 26o 37 57. I , I.a !\'lesn 12033. 4 4.o8o3878 
187.5 n7 48 32. 759 844- I 147 12 54. 327 IO 27. 8 : Santa Ana 12573. 4 4. 0994533 

San ioaquln 33 ;>6 o&. 773 270.~ lo6 ~ S<j.O 286 20 52.~ La Mesa II730. 4 4.0093I46 
I 74 '17 48 ,<;6. 932 1467. u6 s 42. o 2<)6 52 24. l,ns Dolsas :~6:~ 4. 2939427 

l~ 39 17.8 338 37 04.6 Santn Ana 4.230~ 
l 45 I4-4 6 45 27.8 French Hill 52~.4 3. 723 
322 31 23. 7 I42 34 07. 2 Niguel 12547.1 4.0985444 

Ne~rt 33 38 17.621 ga2.9 83 40 43.0 263 38 35. 0 La Mesa 5~9-~ 3.777391 
I 75 II7 52 22. 544 l, l I75 4I 22. 2 355 4I 03. 0 Santa Ana II I. 4.075248 

257 4I 34· 0 77 43 41.3 French Hill ~:g 3. 7824¢ 
306 49 02.6 I26 50 56.4 San Joaquin 3. 820975 

Spur 13 37 09,8I6 g~:~ 
103 36 56. I 283 34 49. 2 La Mesa 00~-5 3· 783365 

I875 II.' 52 24- 534 I8I 24 22. 3 I 24 23.4 Newport 2 .6 
~:~~~b~ 240 29 II. 9 00 31 20.~ French Hill 6862.8 

289 20 44.9 ICX) 22 39. San Joaquin 5672. 7 3. 753787 

Bnish 33 35 54.170 1668.9 :~ j~ ~:~ 3oi ;~ ~U La Mesa 6773. 8 3. 8,1o831 
1875 II7 52 34· 9Q5 900. I Spur 2:;.i~. 8 3. 370299 

265 24 23.0 85 26 23.6 San Joaquin 5637.9 3, 75III8 

Pond 33 35 38. 7o6 Ilr.-~ 127 47 59· 7 307 47 46. ~ Brush 77~-4 2. 890642 
I875 Il7 52 Il. o82 2 S· ;~~ ~~ ~n 

352 57 21. Spur "82 . 3 ~:i~~~; 79 31 51.0 San Joaquin 5090· 8 

Abalone Knoll 33 33 23. I44 7I3.o :g~ ~ :~:~ 3I0 47 31.5 Poud 6390.9 3.~62 
I884 II7 49 03. 5I4 90.6 I 54 20. 2 San Joaquin 5w5. 7 3. 7 5I 

i 
30I 53 oo. 3 I2I 55 47.5 Niguel 9190. 7 3.¢3348 

*No check on this position. 



I 
I 

' 

Station. 

Reef Hill 
1884 

Aliso Peak 
1884 

South Niguel 
1884 

Dana 
1884 

Ega"' 
1884 

Widows Hill 
1884 

Ring Cliff 
1884 

Forster 
1884 

Martin 
1884 

Flat Top 
1884 

No Brace 
1884 

Green Ridge 
1884 

Cou:'ili Boundary 

San Mateo Point 
1884 

Mendelson 

Sheehan 
1884 

Argens 
1884 

Black Flag 
1884 

APPENDIX NO. 9. TRIANGULATION IN CALIFORNIA. 

San Mateo Pot'nt to Newport BaJ1-Continued. 

Latitude Sec-
and onds in 

longitude meters 

0 I " 111. 
33 34 34. 241 1054.9 

117 49 33.407 861.7 

33 30 33. 786 
117 44 37.829 

1040.9 
976.5 

33 29 51. 876 1598.2 
117 43 59. 362 1532.3 

33 27 51. 747 1594.2 
117 42 31. 501 813.6 

33 29 52. o84 16o4.6 
117 41 16. 351 422.0 

33 28 20. 797 640.7 
117 39 sa. 540 1511,6 

1N ~~ !U1~ 
411, I 

1248.3 

33 28 00, 298 
117 38 55. 688 143§:~ 

33 2Q 3~.6o2 
117 38 4 .o85 

1o¢.6 
1242.0 

33 26 5g·868 !659.6 
117 37 I .473 425.5 

33 25 23.276 
117 37 17. 365 ~~:; 

I 33 25 37. 3&) 1151. 9 
117 36 10. 555 272. 7 

33 24 24. 85~ 
117 35 19. 72 

76s. ~ 
509. 

33 23 22. 241 685. 2 
ll7 35 4S· 616 1!79· I 

J 33 28 56° 1737. 7 
117 38 41J34 l 1074. 9 

33 30 47. 2s8 J 141535 .. 92 
117 39 os. 3s6 I 8 

33 28 30. 342 934. 81 
117 43 oS.541 I 220.5 , 

59S·R 
691.s 

Az 

0 
J16 
117 
197 
340 

147 
249 

142 
i78 

:~~ 
i56 

27 
&) 

111 

77 
144 

105 
155 
172 

43 
87 

111 
133 

112 
126 
175 

76 
98 

!02 
128 

131 
133 

:~ 
75 

113 
117 
135 
144 

120 
149 

141 
147 
150 
16o 
171 
199 

61 
71 

1!3 

152 
228 
321 

140 
2S3 
342 

----

imuth Dack To station azimuth 

I II 0 I II 

02 45. 5 :z'}I) 01 18.3 Pond 
45 .55· 5 297 44 15. I Brush 
53 41.3 

I;;;, ~a~~:~ San/conquin 
36 18. 7 Aba one Knoll 

05 30:61 327 03 07. 4 San Joaquin 
10 53.4 69 II 13. 7 Niguel 

26 39.8 I 322 26 18. 6 Aliso Peak 
24 52. 5 I 3582451.5 Niguel 

17 24.0 315 1,, 47. 4 Abalone Knoll 
30 05.6 328 29 17. I South Niguel 
37 35· I 336 36 45.6 Niguel 

37 50, I 207 37 o8.6 Dann 
5:, 30.6 269 54 oo.6 South Niguel 
09 20.0 291 07 49. 0 i Niguel 

~a ~~:i 257 13 16. o I Dana 
324 27 22. 7 . Egan 

41 43.9 I 285 40 q.9 Dann 
~ 56.7 335 oi oB. 2 E!{an 
4 21. I 3S2 4 1s. s Widows Hill 

13 40. 71 223 13 JI. 7 Ring Cliff 
18 36.3' 267 16 37. 2 Dana 
16 04,4 291 lS 29. 7 Widows Hill 
29 29. 5 313 28 11.9 Egan 

o8 32. 4 292 o6 29. 2 Dann 
46 28. 6 3o6 45 55.4 Ring Cliff 
41 49.0 355 41 44. 8 Forster 

37 45. 3 256 36 54. 8 Martin 
42 37. 2 278 41 13.5 Ring Cliff 
23 11.4 282 20 17. 7 Dana 
37 2s. 4 3o8 36 30. 7 Forster 

01 17.4 ~:~ ~~ ~i: ~ 
Ring Cliff 

3g 46. 3 Martin 
l 34. 7 33~ !~ ~: ~ Forster 
28 24. 0 Flat Top 

i 
s1 s7. 7 I 2s5 SI 20.9 No Brace 

:~ ~n I 293 46 21.0 Martin 
297. 42 24. s Ring Cliff 

SS 21.8 , 315.s3 50.7 Forster 
09 03.8 324 o8 2;. s Finl Top 

38 26. 4 i 300 37 21. 6 No Brace 
33 42.8 329 33 14.8 Green Ridge 

39 19.6 321 37 39. 2 Martin 
33 30. 3 327 32 39. 8 No Brace 
11 35. 3 330 09 so.6 Forster 
12 21.0 340 11 31.0 Finl Top 
12 13.7 351 II S9·9 Green Ridge 
07 33. 2 19 07 47. 5 County Boundary 

os 12. 3 241 04 29. 9 Widows Hill 
27 S3· 8 2s1 25 46. 9 ' Dana 
15 17. I 293 13 SI. 7 F.gan 

49 58. 6 169 so 11. 7 Mendelson 
55 37. 9 1¢ 55 oB. s Widows Hill 
19 11.6 243 17 S9· 3 Egan 

I 

25 30. 6 332 2s 02. 5 South Niguel 
S9 o6.2 49 00 o8, I Egan 
11 04.1 141 II 24· 5 Dana 

00 30.6 320 00 12.6 South Niguel 
18 41.4 • 73 19 53·4 Egan 
40 os.8 I 162 40 1s. 9 Argens 

I 

559 

Distance I Loga-
rithms I 

meil'rs 
. 3.655630 I 

ml~ 3. 723334 
3o6o.5 3. 485797 
2322. l 3.36s&)o 

12295. 8 4-~755 
1013. 2 3. 005694 

1628.8 3. 211859 
1651.9 3· 217973 

14373. 8 4. 157572 
4~0.8 3.637572 
5 31.0 3. 765741 

4184.~ 3. 621631 
4207. 3.624057 
456o.1 3.65&)77 

4049.9 3. 60~440 
3456. 2 3. 53 594 

4376. 7 
s392. 7 

3. 6411~ 
3. 7~18 

2094. 7 3. 321123 

1985. I 3. 297786 
5579. l 3. 746562 
1741. 5 3. 240912 
5004.9 3.6993¢ 

6228.6 
tm~i~ 1942.5 

2616. 7 3.417756 

2432. 2 3. J86ooo 
3¢n 3. 598543 
832 . 3. 920584 
3279. 3 3.s1s778 

s167.8 3. 713304 
3233. 7 3. 509703 
5463. 6 3. 737482 
2791. 1 3.445771 

1779.9 3. 250405 
4446.9 I 3.648o61 
6354. 7 . ·" 8o3o98 
6129.91 3. 787451 
2907. 0 ! 3. 463449 

3532. 4 : 3.548o1'>9 

:~:::I 
3.413624 

3. 88o636 
4418. ~ 3. 645294 
9873- 3.~48s 
6929. 5 3. 0703 
4213. 2 : 3.624612 

2041.71 
3.309998 

2268. s 3. 3S5739 
626o.6 3. 7¢615 
4346. 9 3.638176 

346<).6 3. 540285 
4716.4 3. 673611 
3784. 3 3. 57798S, 

2833.9 3.4~2388 
3838. l 3. s 411~ 
1526.0 3. 18354 

13o8.4 3. 116746 
3s1s.o 3.54s923 
1sB1.3 3· 199017 
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San Mateo Poi1ll to Newport Bay-Continued. 

! Latitude 

I 
I I 

Sec~ Hack I Logn-
Station aud ands in Azin1uth azimuth 1'o station i Distance ritJnns 

i--
longitude tneters 

--- ,---- --· 
! 0 I " m. 0 I ,, I 0 I ,, 

meters I : Mussel Cove 33 29 19.~ \ 615.8 164 o8 43.4 344 o8 29.6 Aliso Pe<;lk 2363. 5 3. 373558 

I 1884 117 44 12. IO I 330.7 '99 21 37. a I 19 27 44. 8 [ South N1guel 1041.9 3. 017841 
270 57 36. ' 90 s8 oi. 3 Black Flag u8/l. 3 3. 074927 

~:6 ~§ ~iU I 132 40 29. 1 . Argeus 2256. 7 3. 353469 
136 o6 42.9 I Dana I 3772. 6 3.57~3 

\ I 

I 
I 

Abalone Hill 33 3~ 40.o61 1234. 2 55 o8 28. 7 : 235 o8 12. 6 ' Abalon!' Knoll 911.8 I 2. 959912 
1884 117 4 34· 5o8 ll90. 2 137 41 58. 81 317 41 26. 2 Reef Htll . 2257.0 . 3.~531 

172 48_29.8 ·352 48 17.4 San Joaquin 4618.0 i 3. 453 

'(wo Rock Hill 33 33 15. oo6 462.3 97 35 57.8 277 35' 17. 4 Abalone Knoll 1897.2 ' 3, 2781o8 
1884 II7 47 So• 613 1305.6 124 17 IO, 6 304 16 46. 3 Abalone II ill 1370.4 i 3. 136835 

162 17 16.5 342 16 39. rl Han Joaquin 5620.1 3.749744 
307 52 00, 5 127 54 07. 2 Niguel 7502. 2 3. 875191 

33 27 45. 333 i 
! 

East Bluff 1w6.6 I 93 43 01,7 273 41 56. 5 Dana I 3055. 6 ' 3.~092 
1884 117 40 33· 423 : &h.1 164 09 27. 8 344 09 04.1 E!';an 4059. 21 3. 44 

219 29 59·9 39 30 19. I W1dows Hill 1416.0 3. 151o68 
232 48 30. 0 524931.7 Mendelson 3623.0 I 3. 559063 
259 38 22. 9 ! 79 39 16.7 Forster 2565. 5 ' 3.409179 
310 14 18.0 I 130 14 42. s Ring Cliff 1525. 5 ; 3. 183400 

West Knoll 33 28 og. 8o3 302.0 74 s6 49. 7 254 56 05. 5 Dana 2141.0 1 3. 33o619 
1884 117 41 lt.435. 295.2 259 47 34. 7 79 48 14.9 Widows Hill 1912. 5 3. 281592 

274 45 54.0 94 47 oS.9 Forster 3517.4 I 3. 546225 

I ~~""'I 
307 JI 20, 7 127 31 41. 7 East Bluff 1237. 7 ! 3. 0926o3 
309 01 07. 0 129 01 52. 8 Ring Cliff 2762. 4 ; 3. 441282 

F..ast Knoll 1593.6 66 09 42. 8 246 09 33. 3 East Bluff 487.4 ' 2.C87854 
1884 II7 40 16, 16o 417. 3 90 01 o6. I 270 00 01, 3 Dana 3494- 9 I 3. 543439 

111 19 05.9. 291 18 35. 4 West Knoll 1532. I 3.185293 

I 
157 15 57. 2 3~ ~~ ~~:~ i~a~ws mn 

4020. 5 3. 604278 
206 55 46.9 HX>4.5 3. 001971 
262 45 "5· 4 82 45 49. 7 l<'orster 2094. 7 3.321119 

I 
Capistrano North Base I 33 28 II.~ 369.4 320 46 o8. 2 140 46 19, I East Knoll 8o5.9 2. 906274 

1884 . 117 40 35, 926.9 3~~ l~ ~~:~ 175 ·'3 02. 9 East Bluff 823. 7 ~:um~ 265 47 56.3 West Knoll 920.1 

Capistrano South Da•e 33 27 48. 026 1479.6 92 26 32. 0 ~;~ ~~ ~:~ Dana ~.7 3.43T9 
IB&j 117 40 47. 048 1215.0 136 4~ oo.8 West Knoll 920.2 2.~59 

201 I 22. ~ 21 18 29.0 Ca.P,istrnno N. Base 
,~:~ 2. 74 

;i: ~r lt 2 
~I o8 00.4 Widows Hill 3. 2o6512 

I 51 59. 2 Ens! Knoll 8o5.8 2.~204 
262 30 03. 3 82 31 04.6 Forster 2900.4 3. 462453 

Capistrano Middle Base 33 28 00. oo8 0.2 I 21 18 26.o 201 18 23.0 Capistrano 8. Base g¢.2 2. 597944 

I 
1884 117 40 41.473 1070.91 Ill 18 41.3 291 18 24, 8 'Vest Knoll 30.4 2, 919309 

201 18 25. i 21 18 2§.0 Capistrano N. Base 3¢.2 2. 597944 

831.61 

III I§ I .6 East Knoll 701.7 2. 846138 

33 30 26. 9941 
:l~ :2 0:4 155 l 21.9 East Bluff 497. 6 2. 6<)688o 

Aliso Point 249 24 12. 4 l9 24 24.4 Aliso Peak ~.8, 2.77i3~ 
1884 117 44 59. 398 1533. I ~~ ~ i§:~ :~~ ~~ ~:~ 

South Niguel ! :~ I 3.27 4 
Mussel Cove 3.378239 

i;>off Ridge 33 31 17. 8o8 548.6 295 51 30.6 115 52 14. 6 Ni~uel 2283.6 i 3. 358617 
1884 117 45 20. 756 535.5 320 45 11.4 :4~ 45 ~u Ahso Peak 1751.2 ~:~~~ 321 33 43.0 8outh Nigud 3379.6 

340 36 17.8 I~~ 29.5 Aliso Point 1659. 7 3. 220018 

Goff Island 33 30 51. 721 1593.41 206 13 41.8 26 13 50. ~ Goff Ridge &]6.o 2. 952292 
1884 117 45 36. 100 931. 7 29') JO o8.6 IJO JO 40, Aliso Peak 1602. 2 3.204~8 

I 
506 26 07.9 126 27 01.4 South Niguel 3103.8 3·~ I 
3o8 48 24, 3 128 48 44.5 Aliso Point 121~. 5 3. 745 
322 43 58. 9 142 44 44. 9 Mussel Cove 3550.9 3.550337 

West Bluff 33 27 44. 424 1368.6 
I~~ ~g ~i:6 277 ~ 56.3 Dana 1~;~J 3. 262070 

1884 117 41 21. 235 548.3 175 27.0 West Knoll 2. 9147Bo 
234 02 34.3 54 02 49.4 ~(di~!;!';fil~. Base 1446.~ 3.16o290 
242 18 19. I 62 19 ~·7 ~· 3. ;i823o6 
262 50 07. I 82 50 .o Capistrano S. Bnse .8 2, 949ffi 
268 41 52.0 88 42 18.4 East Bluff 1~5.1 3.091 
291 44 54.5 111 45 45,7 Ring Cliff 2 3.3 3.4121 

South Sierra 33 29 59.~ 182g.6 16<} 51 o6. 5 349 51 01. I Niguel 1443.3 t~~~~ 1884 117 43 51. 1323. 273 II 44. 3 93 13 ""-~ Egan 4005.41 

I 332 20 37.6 1,c;:z 21 21. 7 j Dann 4438. 3 3,64722I 
I .. ------



APPENDIX NO. 9. TRIANGULATION IN CALIFORNIA. 

San Mateo Point to Newport BaJ1-Continued. 

I Latitude I Sec-
1 Station and 

1

1onds in 

1 ____________ , __ 10_1_•gi_·_tu_d_e_•_!:.~:~: I 
Back I 

Azimuth _a_z_i_m_u_t_h_· l---T-o_•_ta_t_i_o_n--
1
•. D_i•_ta_n_ce 

North Sierra 
1884 

Rags 
1884 

Abalone Point 
1884 

Two Rock Point 
I884 

Recreation Point 
I884 

R~creation Hill 
1884 

Laguna Hill 
1884 

Corn Patch 
1884 

Whiston 
I884 

Cactus Point 
1884 

Mustard 
1884 

Pelican Hill 
I884 

Reef Point 
1884 

I 

0 I II 

33 30 44. 030 
117 43 39. 6o8 

:13 33 14. 705 
117 49 o8.250 

33 33 04. 764 
II 7 48 50. 195 

I
; 33 32 47. 923 

I17 48 12.410 

33 32 36. 392 
117 47 30. 511 

33 33 15. 077 
II7 47 17. 292 

33 32 51. 7.0 
117 46 19. 650 

33 32 10.443 
117 46 43. 038 

33 31 36. 382 
117 45 40. I95 

33 34 50. 388 I 
117 49 49· 1561 

33 35 35· 39S 
117 50 20. 3o8 

33 33 59· IOI 
II7 49 56. 137 

I 

111. 
I:J.~6.5 
1022, 2 

243.7 
I545·8 

453.0 
212.8 

I46.8 
I'94·9 

I476· 5 
320. 2 

464.5 
446.1 

3'1.7 
lllO. 4 

I l20.8 
1037.3 

1184.2 
419.8 

1552 4 
I267.8 

IO<JO. 6 
523. 7 

18.a. 6 
1447.9 

0 I fl 

'93 23 34.6 
34I 40 Ol.3 

12 20 53.9 
94 34 29.0 

I38 05 26.5 
I8o 33 34. 6 
247 35 56.0 
3!1 07 40. I 

165 IO 09· 3 
205 09 54.6 
228 05 17. I 
26<) 43 43. 2 

:~g ~~ 1~:~ 
200 24 31, I 
2sB 23 36. 8 

!18 OI 4I. 6 
139 27 40.7 
I6o 2z 43.9 
2I3 .58 26. 2 

Io8 II 47• 9 
1205907.1 
I56 26 54. 2 

14 48 57· I 

*i ~1 ;,J: ~ 
I54 34 sB· I 

0 I II 

:~~ ~~ ~u 
I92 20 47. 5 
274 34 17. I 

F.gan 
Dana 
South Sierra 
Niguel 

3I8 oS I9·4 Mussel Cove 

6
0
7 

3
3
3 3

14
4 .. 9

4 
South Niguel 

6 Black Flag 
131 o8 o8. 6 Argens 

345 09 55. 4 
250957.2 
48 05 ;\5.8 
89 44 26. I 

~~~ ~~ ~~:~ 
20 24 39.8 
78 24 09. 8 

398 01 20.7 
309 27 12.4 
340 27 31. 7 

33 sB 3S. 3 

288 II 24. 7 
300 58 15.6 
336 26 43· I 

194 48 50.4 
239 03 SL 8 
269 50 48. 7 
334 34 03.6 

Reef Hill 
Abalone Knoll 
Abalone Hill 
Two Rock Hill 

Abalone Point 
Abalone Knoll 
Abalone Hill 
Two Rock Hill 

Extra 
Abalone Knoll 
Abalone Hill 
Two Rock Hill 

Two Rock Point 
Abalone Knoll 
Two Rock Hill 

Recreation Point 
Two Rock Point 
Two Rock Hill 
San Joaquin 

75 31 I9··5 255 30 40. 3 Recreation Point 
1'wo Rock Point 
Two Rock Hill 
Recreation Hill 

874223.2 2674119.9 
I07 00 25. 4 286 59 35.2 
115 26 40. I ' '95 26 07· 7 

123 o8 12. 2 
I:i8 46 19. 4 
155 27 16.4 
205 .. 55. 7 
3I2 39 17. 0 
324 32 09. 81 

3I8 45 26. 0 

355 36 20.3 
1225451.I[ 
156 I9 20. 4 

132 59 >9. 5 
144 59 20. 2 
177 47 15. 8 
273 53 39. 2 
293 SS 25. o 
308 05 29. 3 
324 14 o8.4 

ll2 o8 4'· 2 
114 42 I5. 8 
209 o8 25. I 
320 46 I3. 0 

92 03 10. 2 
99 28 21. I 

244 25 47. 8 
329 54 49.6 

131 24 57.6 
168 o8 10.3 
I86 30 01. 5 
2o8 26 OI I 
285 33 44. 5 
309 I2 54.8 
317 54 40.4 

Recreation Point 
Two Rock Hill 
Recreation Hill 

X.~f.::'~e!1~11 
Goff Island 

138 45 36. 8 Goff Ridge 
I75 36 22. 6 Goff Island 
302 54 I6. 4 Corn Patch 
336 I8 58.6 Laguna Hill 

312 58 48. 5 Recreation Point 
304 59 05. 4

1 

Corn Patch 
357 47 I3. 9 I,nguna Hill 
93 53 59· 1 Winston 

u 3 55 55· 7 Goff Ridge 
128 o6 23. 7 Aliso Peak 
144 14 30. 6

1 

Goff Island 

292 o; 23. 7 Pond 
294 40 44. 1 Brush 
29 o8 54. o . San Joaquin 

I4o 46 2i. 7 'Ree( Hill 

272 02 o8.9 
279 27 o6. 6 
64 26 33·9 

149 55 o6. 8 

3n 23 43.0 
348 07 57. 0 

6 30 05.4 
28 26 I3· 7 

105 34 29.7 

:~ ~~ ~:g 

Pond 
Brush 
San Joaquin 
Mustard · 

Pond 
Pelican Hill 
Mustard 
Reef Hill 
Abalone Hill 
Abalone Knoll 
Abalone Point 

meters 
4029.0 
5591.4 
14o8.9 
557.3 

499.9 
I354·5 
923.9 

1759.6 

25:14· 9 
287. 3 

116<}. 5 
2002. 7 

H37. 8 
2798. 4 
1297.8 

I232.s I 
I627.6 ' 
833.8 I 

5925. 2 I 
I888. l 

29I!.4 
2453.8 
16;5. 2 

1462. 7 
2645. 0 
2189. 2 

1407.6 
4394. 0 

'977-5 

761.0 
138o.o 
I93I.4 
2534. 5 

2618.6 
1203.8 
2259. 3 
9g;.o 

~~.~: ~ 
I713.8 

3951.0 
4704. I 

2l!i:~ I 
2858. I 
3518.4 
2383. 0 I I6o2.6 

4639.a 
3031. 51' 
1590.3 

~~~;:; ! 

:~~:~I 

Loga-

rithms I 

2. 698911 
3· I3I784 
2.¢5637 
3. 245417 

3. 403954 
2. 458262 
3. ob8oo1 
3. 30I623 

2. 746i89 
2. 821o8!l 
3. o6.j567 
3. 195638 

3. 043o67 
3. 2323§t 

~:~~7~ 
3. 056o74 
3. 446<)o8 
3. 113198 

! 

3. 0909"3 I 
~:;!:~s I 
3. 772703 I 
3. 276o35 
3. 464097 
3.389844 
3. 224077 

3. 666497 
3.481659 
3.201475 
3. 0<)0302 
3. 339,586 
3.243548 
3. 265528 



562 COAST AND GEODETIC SUR VEY REPORT, i904, 

San Mateo Point to Newport Bay-Continued. 

I 
Latitude Sec- I Back 

l 
Station and onds in Azimuth To station \Distance! 

I,oga 

longitude n1eters 
azin1uth rithn1s 

1- Roc~~llight 
I \---1 

m. 0 ' " I 0 ' " meters ' I 
33 34 20. 325 626.2 177 19 54.4 I 357 19 52. I Pelican Hill 2315.4 I 3. 364620 ' 

117 50 16. 129 415.9 216 5:1 20.3 ! 36 54 35· 2 Mustard 1158. 3 I 3. o63~23 
248 44 03.9 08 44 27.51 Reef Hill 1182.2 3.072700 
313 14 27. 3 133 ~ Oj.4 Abalone Knoll 2571.3 : 3.410148 
319 o6 03. 7 139 41. 2 Abalone Point 2674. 4 i 3. 427231 
321 44 30. I 141 44 41.2 I Reef Point 832. 7 ' 2. 920486 

I 
Pelican Point 33 34 48. 363 1489.9 133 19 12.0 313 18 36. 7 Pond ~~Ji 3. 354277 

JB&j 117 51 07. 291 188.0 ;Ji~ 1;:~ 39 54 o;. I Pelican Hill 3. 276178 
88 14 oo.6 :\1\\stard 

201591 3. 304474 
28o 10 50. 4 100 11 42.3 Reef Hill 2459.9 u~~ 303 12 29. 5 123 12 57.8 Rocky Bight 1577. I 

309 35 13. 5 129 35 52. 8 Reef Point 2381.4 3. 376826 

Arch Rock 33 35 o6. 530 201. 2 ~~ ~ ~~:~ 329 13 5~- 4 Pond 1153.6 3. o62070 
1&84 117 51 48. 198 11242.9 68 34 52. 0 Pelican Hill 2434.6 3. 386422 

279 ll 36.3 99 12 4•- l I Mustard 3109. ll 3. 492739 
285 57 36. 9 I 105 58 51.4 Reef Hill 3615.6 3. 5581;6 
29; 56 43. 3 t17 57 05.9 Pelican Point 1194. 2 3- 077078 
305 42 02. 2 125 43 04. I Reef Point 3559. 2 3- 551351 

Pond Point 33 35 28. 153 867.3 142 55 26. 7 322 55 13. 7 Brush 1004.7 3. 002040 
1884 117 52 11.414 294.3 181 30 24. 9 1 30 25. I Pond 325. 2 2. 512200 

,65 32 14. 0 85 33 15.5 Pelican Hill 2873. 6 3.458422 
287 35 11.3 !07 36 30. 0 Mustard 3848. 5 3. 585293 
3o6 32 45.5 126 33 2t.O Pelican Point 2058. 4 3. 313532 
318 03 oS.6 138 03 21. 51 Arch Rock 8g5.6 2. 952138 

Table Ridge 33 35 45. 157 1391. 2 77 48 30. 2 257 47 36. 6 Pond Point 2479- 2 3. 394316 
1884 117 50 37-434 ¢5.3 254 18 29· 6 74 19 25. 2 San Joaquin 2691 5 3.429988 

304 15 05. 0 124 15 14. 5 Pelican Hill 534.3 2. 727750 
23 45 03. 8 203 44 47. 3 Pelicau Point 1911.6' 3. 28139<1 
56 53 36. I 236 52 57. o Arch Rock 2178.4 3. 338146 

Clam Point 33 39 00. 887 27.3 2~ 09 o6.6 90 13 44-9 French Hill 12945. 8 4. 1!2129 
1874 Il7 56 55. 159 1421.3 2 43 22.5 100 45 53. 5 Newport 7150.5 3. 854337 

293 14 25. 3 "3 18 49· 9 San Joaquin 13418. 4 4. 127701 
331 43 00. 3 151 43 23. 3 La Mesa 2264. 6 3. 354994 

lllack Knob 33 37 37.570 1157. 5 181 o6 38. 6 l o6 39· 7 Clnnt 11oint 2567.4 3.4094¢ 
1874 1!7 56 57. 090 1471.4 242 sB 35. 7 62 5S 59· 8 Ln Mesa 126o. 4 3. 100520 

Turning Point 33 37 01. 187 36.6 124 o6 58. 5 304 o6 04. 8 La Mesa 3020.0 3. 48oo12 
1875 117 54 36.513 941.2 ~~ j: g:i ~5 43 02. J Newport 4179.5 3. 621128 

5 32 31. 0 Spur 3412. 4 3. 533o66 

Prickly Point 33 37 19. 2o8 591.7 159 39 22. 3 339 39 13. 2 La Mesa 1214.0 3. o84224 
1875 117 55 57- 148 1473.1 284 57 01. 0 104 57 45. 6 Turning Point 2151.4 3. 332726 

Bitter Point 33 37 33. 368 1028.0 107 .'i2 17.4 287 50 o8.9 Black Knob 421. 7 2.62~ 
1875 117 56 41. 516 1070.2 225 46 50. 9 45 47 o6. 4 I.a Mesa loo6.7 3.002 

290 52 34· 7 110 52 59- 3 Prickly Point 1224.0 3. o87783 

Promontory 33 36 49-~ 1523.0 I 107 o8 27. 7 287 o8 02.5 : Turning Point 1228. 7 3. "89444 
1875 Il7 53 50. 1313.8 I 119 14 01.6 299 12 42. 7 ; I ... a Mesa 4210.5 3. 624330 

219 59 04.0 39 59 53, o \ Newport 3546.2 • 3.549766 
254 15 15. 6 74 16 O.l. 6 i Spur 2314.8 3. 364513 
310 57 44. 8 130 sB 27. l Brush 2596.9 3. 414459 

Sattel Point 33 36 2R.ss8 879.8 141 14 17.6 321 13 43. 2 · Bitter Point 2~6o.9 3. 4o8397 
1875 117 55 39. 313 1013.5 16~ 35 00.9 343 34 51. 1 Prickly Point l 26.9 3. 21t348 

23 09 23. 0 58 °'! 57. 81 Tu ming Point ~-6 3. 28oo33 
257 01 24. 4 77 02 24. 4 Promontory . 2 3· 457309 

Chalk Rock 33 37 42 . .,f;,7 1302.2 235 09 41.4 55 lo 15.0 [ Newport l~-9 3- 28o322 
1875 II 7 53 23. 275 599.9 303 26 01. 3 123 26 33. 8 . Spur I 14.4 3. 258731 

23 40 49.6 203 40 34. t \ Promontory 1777.3 3. 249768 

Dune 33 36 04.901 151.0 134 02 44. 2 314 01 27. ~ : I,a Mesa 4931. 2 3.02952 
1875 117 53 55.999 1443.8 2JO 29 48, I 30 30 39. \ Newport 4745. 8 3. 6;6312 

229 41 19. 3 49 42 ~-9 · Spur ~~H 3. 490224 
278 sB 43· I 98 59 2 .o' Brush 3. 32s672 

First Bend• 33 37 19.93 614.0 \ 232 36 09 52 36 41! Newport 2926. 8 3. 466393 
1875 117 53 52. 76 136o.o. 357 IO 27 177 JO 2 Promontory 940.7 2.973432 

Camp• 33 JS 44. 00 1355.61 315 44 59 135 45 16 Newport 
~J 3-0~888 

1875 117 52 53.27 1372. 7 345 40 52 165 41 o8 (Spur 3. 47 374 

•No check on th!• position. 



APPENDIX NO. 9. TRIANGULATION IN CALIFORNIA. 

Station 

Rock• 
1875 

Saud Cone 
1874 

Scn\lop Point 
1874 

Cactus Knoll 
;874 

Anaheint* 
1874 

Ln5 llolsas Chica 
1873 

I..nndiug Hill 
1873 

llolsas Illuff 
1P.73 

Saud Knoll 
1873 

lee Plaut 
1874 

Hitter Lake 
1874 

I,aguua, Dyer Cottage, 
flagstnff 

1&'!.j 

Inner Two Rock 
1884 

Sheep Herders Hut 
1884 

Boathouse, flngstaff 
1884 

Congdou's house, chim
nev 

!884 

San Mateo Rock 
1884 

San Mateo Point to Newport Bay-Continued. 

--------·-------
Loga

rithms 
Latitude I Sec- I 1

1 

Dack j • I 
longitude meters 

and onds inl Azimuth azimuth 'l'o station ,: Distance 

'

-----,,,_ ;--1·~--1------'-uu1:-:-I! ___ _ 
33 35 38. 21 1177. 21 140 "9 41 320 "9 02 Promontory . 28sB. 1 3. 456o;4 

117 52 39.94 1029.8 194 46 51 14 46 55 llmsh 5o8.6 2.7o6362 

33 38 19.620 604.5 238 15 56.9 58 16 41.1 Clam Point 2417.6 3.383392 
117 58 14. 956 385. 4 302 50 18. 7 111 51 01. 8 Black Knob 2388. 7 3. 378156 

33 39 24. 447 . 753.l 
117 59 36. 76o 947· I 

33 40 43. 463 
117 59 04. 497 

33 50 15. 85 
117 54 51. 73 

33 41 38. 632 
118 02 58. 513 

33 44 57. 630 ' 
118 05 37. 775 i 

33 40 56. 814 ' 
118 01 56.894' 

33 41 35. 420 ' 
1180241.8801 

33 40 16. 351 1, 
118 01 18.4721 

:13 39 19. 78 
I I I 59 58. '2 i 
33 32 26. 882 i 

117 46 55. 187 : 

33 28 19. 270 
II7 41 39· I22 

I 
I 
I 

33 27 45. 144 I 
I17 40 51. 477 I 

33 29 17.>85 l 
Il7 40 19. 154 

33 24 18, OJ.~ 
117 37 oo. 558 

1339.0 

115.81 

488. 3 
J330. J I 

1091.2 
1078. 6 

503. 7 
475.8 

828. 2 
1423.8 

901.8 
JOIO. I 

1390. 8 
1329.3 

53>.5 
494.5 

555.6 
14.4 

159 54 JO. 6 
279 52 33. 0 
313 26 57.4 

313 28 22. 3 
343 55 42. 6 

18 51 12. 7 
103 21 03. 3 

340 40 51 
z6 02 26 

133 18 58. 0 
2112502.1 
3o6 48 37. 6 

153 IO 13. 0 
26<) II JJ.6 

167 35 48. I 
287 14 37. 0 
315 44 47.l 

141 33 22. I 
230 40 13. 8 
301 23 05. 0 

130 08 15 
17035o8 I 

107 49 34. 71 

~3~ ~ ~~J ' 
328 14 34. 6 

115 53 14. 1 
165 OJ 38.6 
215 40 46. 2 
23S OJ I'. 5 
265 47 14. 9 
281 50 JO. 9 
293 27 23. 7 

49 28 56.6 
125 o6 53. 6 
143 JO 14. 3 
191 58 23. 7 
223 OJ 29. 5 
259 38 53. 4 
281 55 49. 3 
293 24 32. 5 
2<)8 21 37. 5 
3o8 34 54. 8 
3"9 15 41.5 

170 40 34. 7 
20<} 25 46. 5 
232 I1 02. 9 
300 59 28. 1 

125 59 14.4 
214 19 30. l 
184 19 34. 3 

127 37 41. 0 
146 45 55.6 
156 31 58. 7 
175 o6 23.5 

3_;9 53 47. 9 I,ns Jlolsa• 
99 54 02. 6 ' Clam Point 

133 27 4>. 8 Sand Cone 

133 29 34.0 
163 56 JO. I 
1Q8 50 54. 8 
2B3 20 22. 7 

16o 44 09 
205 59 25 

313 15 II.O 
31 26 27.8 

126 50 o6.8 I 
3;' ~~ ~U I 
13i 15 32. 3 

333 "9 38. 9 
89 12 o6.6 

347 35 38. 8 
107 15 57. 0 
135 45 12. I 

321 33 00. 8 
50 40 47.5 

121 24 OJ. 3 

310 07 ;.,o 
350 34 57 

187 49 15. I 
316 02 02. 3 
50 09 II .4 

148 14 41.3 

305 52 55.6 
345 OJ 18. 8 
3~4100.~ 

gs~~ ~~:6 
IOI 50 36. 4 
I13 18 15. 5 

229 28 27.7 
305 05 36. 2 
323 09 07.8 
125836.3 
43 02 54.4 
79 40 31.4 

IOI 57 19.4 
1132657.3 
118 2l 13.4 
128 35 31. I 
129 16 42. 6 

3.~0 40 21. 0 
29 25 52.0 
52 II 05. 4 

Ill 00 02.9 

305 58 42.8 
34 30 JO. 8 

104 20 28. I 

Clant Point 
Saud Cone 
Scnllop Point 
Las Dolsas 

Son Joaquin 
Las Bolsas 

I ... os Cerritos 
Westminster 
J..ns nolsas 

Los Cerritos 
'Vest1ninster 
Las Bolsas Chica 

J4as Holsns Chica 
14-as llolsns 

I4as llolsas Chica 
!,as Dolsas 
Dolsas llluff 

Bolsas llluff 
Las Dolsas 
Scallop Point 

Ice Plant 
I.,ns Bolsas 

Recreation Point 
Two Roek Hill 
Lnguua Hill 
Corn Patch 

:r:xtra 
Abalone Hill 
Two Rock Hill 
Recreation Hill 
Laguna Hill 
Recreation Point 
Com Patch 

Dana 
South Niguel 
North Sierra 
Egan 
Sheel1at1 
Mendelson 
Forster 
Flot Top 
E11st Knoll 
East llluff 
Ring Cliff 

Egnn 
CopistranoM. Base 
Cnpistruuo S. Base 
Ring Cliff 

Egan 
Sheehan 
Mendelson 

Dana 
Martin 
Forster 
Flat Top 

•No check on this position. 

3o68. 6 3. 4!i&i36 
4226. 7 3. 026003 
2903. 9 3. 462976 

!~?~J 
2572. 4 
1937.8 

27650. 3 
19125.4 

lit~~:~ 
5174.0 

8516.4 
8371. I 
5928. 8 

3515.5 
2555. 5 

~~:~ 
166o.5 

1591. 8 
2023. 9 
3o69-9 

2704. 4 
3o67. 0 

957.3 
2059.8 
1194. 2 

595.6 

1o64.5 
1771. 5 
1156. 6 . 
1778.3 : 

3029. 5 I' 
1219. 2 
2636. I 

1779.2 
4415. 5 
5187.5 
2618. 2 
5816. I 

4658.1 
4313.4 
7392. I 
1434. 6 
2170.4 
36<)5. 4 

3¢3.2 

r:u 
190>. 3 

1814.7 ' 
33~J- 3 i 
25'1"·5 I 

10790. 41 
5o67.5 
7465.5 
4818.6 I 

I 

3.662045 
3. 663871 
3.41o334 
3. 287304 

4.441700 
4. 281610 

4. 159326 
3. 881974 
3. 713823 

3. 9.10258 
3. 922780 
3. 772¢5 

3. 545985 
3. 407468 

3. 299736 
3. s!l98o8 
3. 210138 

3.101879 
3. 3o6191 
3.487119 

3. 431o65 
3.4!l6711 

2. 981041 
3. 313830 
3.077090 
2. 774972 

3. 027131 
3. 248351 
3. o63192 
3. 249993 
3. 481374 
3. o86o8~ 
3. 42°'}0H 

3. 250234 
3.645<J(>o 
3.714¢1 
3.418oo1 
3. 764635 
3. 668212 
3. 634820 
3. 868766 
3. 386421 
3. 336531 
3· 567665 

3. 598043 
2. 720777 
"16000o 
3. 279285 

3. 261J91 
3. 526765 
3. 414728 



Station 

COAST AND GEODETIC SURVEY REPORT, 1904-

San Mateo Point to Newport Bay-Continued. 

Latitude 
and 

longitude 
Azin1uth Back 

azimuth To station Distance J,oga
rithms 

--------------1-----

San Juan Rock 
1884 

Widow's house, west ga
ble 

1884 

San Juan Capistrano 
:\Iission, pole 

San Juan Capistrano 
Schoothouse1 chi111ney. 

Old Hydrographic Sig
nal 

1884 

Hand Spit 
188.j 

0 

33 27 :z6. :z67 
l 17 42 47. 5o8 

33 28 2r.o86' 
117 40 31. 7591 

33 30 09: ~~6 
II7 39 41. 000 

33 30 JI, :;50 
117 39 38.654 

33 35 39. 61 
II7 52 39· 51 

33 27 45. 282 
117 41 02. 398 

"'· 8o\l.2 ' 
1226. 91 

i 
649.61 
Bzo.o 

355.8 
997.8 

1220, 3 
1018. 7 

I 
I 

1395· l 1' 

61.9: 

0 I 

:z6o 02 54. 7 

~~i rs ~~: b 
284 o8 55.0 
288 05 o6, 9 
304 33 47. 4 

2 14 01. I 
21 O'J II. 8 
21 11 18.3 

0 f II 

Bo 05 02.5 
94 55 50.7 
<j:> 41 04.5 

104 II Oj. 0 
lo8 o8 45.8 
124 37 40. 9 

182 14 oo. 2 
201 07 o6.4 
201 II 09. 9 

Forster 
Ring Cliff 
Flat Top 
Martin 
Green Ridge 
San Mateo Pt. 

East Bluff 
Capistrano 111. !lase 
Capistrano S. Base 

i7 44 21.4 257 43 29. 1 Egan 
218 43 41. l 38 44 01. l Sheehan 
325 24 12. 91 145 24 46. o Mendelson 

76 37 48. 9 256 36 55. o Egan 
217 59 45. 4 I 38 oo 03. 8 • Sheehan 
327 32 50. 7 I 147 33 22. 2 i Mendelson 

272 10 49 92 11 05 I Pond 
307 36 16 I 127 36 45 I Arch Rock 

261 56 35. 8 81 57 45. 7 Forster 
297 13 oo. 2 I u7 13 41. o 

1 
Ring Cliff 

Newport Ba)' lo Point Dume. 
I 

IJ02.3 
596.2 

1094.0 

2,501. 3 
1497.6 
2729. 4 

3.7~;29 
3. 2~ 
3. 9.~4 78 
3. 804657 
4. 032936 
4 121916 

3.042314 
2. 842713 
3.0390!9 

3.398168 
3. 175401 
3.~36o68 

2592. I ·3· 413653 
1396. 0 3. 144877 
2743. 4 3. 438294 

733. 4 2. 86537 
1670. I 3· 22275 

3304. 5 3. 5191I 
2150. 9 3. 33263 

-----------~---------,-------------- -- --------------------~-------,----
! Latitude Sec-

Station i and ondsin Azimuth 

__________ .

1 

longit-ude_ meters----------

o / 11 nz, o / " 

Centinela 
1875 

Sand Hill 3 
1875 

Ridge 
1875 

I-liglt Table 
1875 

Reef 
1862 

Linn 
1862 

Malaga 
1862 

Buck 
1862 

Corral 
1862 

Point 
1862 

Deadmans Island 
18_<;9 

Drum 
1872 

34 00 18, 422 567. 6 II 51 14. I 

118 " 44. s67 1I43. 6 102 07 50. 7 

34 00 00. 50 
118 28 36.42 

' 
34 00 44. 367 

118 26 09· 901 

34 01 59.o88 
11S 42 13. 217 i 
34 02 19. 346 : 

118 37 42. 844 

.'4 02 40. 615 
118 40 12.811 

34 01 :12. 558 
u8 47 21. 004 

34 01 31.638 
118 47 05. 6CJ9 

33 43 33. 318 
118 16 IO. 842 

732. 9 : 
10S4.2 ' 

I 
! 

15,4 
934.8 

1367, I 

254.1 

1820. 7 
339.0 

5¢.1 
1099.0 

100;1.:Z 
538.9 

974.9 
143.9 

II41.6 
621.6 

10:z6.5 
279· I 

1816.8 
392.3 

163 21 07. 7 
234 49 24. 0 
331 54 05.8 

266 sB 3~ 
328 43 41 

276 40 37 
7 38 57 

70 14 22 

301 OJ 34, 0 
69 53 02. 2 

309 29 33.4 
76 01 39. 2 
84 52 43. 2 

264 03 56.4 
30 33 38.0 

36 46 17.5 
94 o6 21.0 

58 32 50. 2 
86 20 21.3 
87 21 49. 2 

IJO 21 16.4 1 

230 15 31. 2 

257 28 19. 5 
12 43 45.5 
61 32 33.9 

Back 
azimuth 

0 

To station 

19r 50 09. 5 . West Beach 
282 04 15. 3 i I,a Mesa 

343 20 18.6 i 
54 52 10.4 I 

151 55 47._4 i 
87 02 28 

148 44 45 

¢ 43 ul 
187 38 39 
250 13 00 

I.a !llesa 
Ceutinela 
West Bench 

Centinela 
Sand Hill 3 

Ce11ti11ela 
Sand Hill 3 
Ridge 

121 11 55. 7 West Beach 
249 49 35. 8 Pt. Dume 

129 37 24 1 ' West Beach 
255 5$ 41:6 I Pt. Dume 
264 So 11. 9 Reef 

84o6486 
210 33 03. 8 

216 4.5 34. 7 
274 o6 12.4 

238 31 IO. 7 
:z66 19 24- 6 
267 >O 43· 9 

290 19 15. 0 

50 19 04. 7 

77 31 22. 21 
192 43 q.6 
241 29 51.4 

Linn 
Reef 
Pt. Dume 

Reef 
Pt. Dume 

Pt. Dume 
Buck 

Pt. Dume 
Corral 
Buck 

San Pedro 
I,os Cerritos 

I,os Cerritos 
Deadmans Island 
San Pedro 

Distance i 
' 

Loga
rithms -,-----meters 

14455. 6 I 4. 16oo370 
10~04· 7 4. 0045238 

7827.2 
9345.0 
9937· 3 

10583. 6 ' 4. 024634 
5648.6 ; 3. 751938 

6855.5 
6235. 4 
3995.5 

3.'\382. 5 
10o80.7 

28o65. 3 
169os.4 
6¢3.7 

3902. 2 
3343.1 

13421. 7 

79~.2 
3o82. 3 

3278. 0 
3¢.0 

5350.0 
26o6. 3 
2999-1 

4. 5235i9 
4. 003492 

4.448169 
4. 228000 
3.842843 

3.591307 
3. 524154 
4. 1278o7 

3. 899723 
3.4~8879 

3.515600 
2. 597672 

3. 728356 
3.41fo21 
3. 47"9<)0 

I -

6494.5 : 3.81~~8 
12849. 7 : 4. 1o11894 

8656. 713· 937354 
6495.5 3.812612 
85~3. 3 I 3· 932133 



APPENDIX NO. 9. TRIANGULATION IN CALIFORNIA. 

Newport Bay to Point Dume-Continued. 

Latitude I Sec- I I 
Back I Distance 

Loga- I 
Station and onds {u Azimuth To station 

longitude meters 1 

azintuth rithms 

i 
o' II :-=-1 ----

0 ' II 0 I II mtlers i Point 'Fermin 33 42 33· 6<)1 I 1036. 0 I 136 25 54. g 316 24 30. 3 San Pedro 5652.0 u~~~ 1855 Il8 17 36. 059 . 928. 5 230 03 19. 50 04 07, I Deadmaus Island 28b1.7 
230 12 39.3 50 17 00. 2 I,os Cerritos 15711. 0 4.1¢205 

Cactus ,~a 1~ n: ~:~ 1756.8 278 49 35. I 98 51 16.4 Dead1nans Island 

I 
~~:t 

3. 6;6822 
1870 340.1 315 44 16. 3 135 45 IO, 2 Point Fermin 3. 554412 

Outpost l~ 1~ ~l:~~~ 
1762. 2 3~ 28 55.3 ~ 30 16.4 Deadmans Island 4563. 2 3.659273 

1874 950.9 43 40.3 43 20. 2 Cactus 

I 
2075. 7 3. 317171 

solitary 3g 43 16.685 520.8 I16 26 s6. 7 2¢ 26 03. I Cactus 2775 ·5 3.443334 
1870 

' 
II 17 36. 3 944.4 153 20 41. I 333 20 07. 6 Outpost 3457.4 ' 3· 538754 

257 o6 22. I , 77 07 09. 7 De!'dmans Island 2:z{J1 .. I 3. 355483, 

R. R. Flagstaff 3g 42 47.46o 1~62. 2 175 29 19.7 i ~5~ 29 18. 2 Solitary 910.0 ;:~~~~ 1899 II 17 33· 903 , no 236 32 33. 7 5 33 19.8 Dendtnans Island 2563. 1 

Timm ~ 4g 48.051 148o.5 300 52 55. 9 120 .sg 12. 2 Deadmans Island 884.3 2.~6612 
1899 I I 40.321 1038. 0 36 28 05. 4 216 2 ;;§· 7 R.R. Flagstaff 2321. 2 3. 3 5715 

s6 31 39.2 236 31 .o Solitary . I 1739.6 3. 24046o 
I 

Old 33 43 l~.¢5 1!~~:i 
203 26 44• I 23 26 5g·9 Timm I 

1144. 7 3. 0586<)4 
1899 Il8 16 5 .014 243 50 49· 8 6~ 51 I ,0 Deadmans Islancl I 1352. 9 3· 131277 

I 
48 32 10.5 22 32 50. 5 R.R. Flagstaff 

I 

1233.> 3· 091036 
951209.1 275 II 47· 6 Solitary 999. 7 2.999888 

San Pedro, Clarence Her 1 3g ~ 37.854 I166. 3 339 33 04, 7 159 33 20. 7 Deadmans Island 

I 
:z122.o 3. 326748 

tel, cupola II 1 39• 638 , 1020.4 0 39 24. I 18o 39 23. 7 Timn1 1534.5 3.185¢4 
1899 .. 20 03.6 202 20 33 . .5 I R. R. Flagstaff 3076. 9 3. 565483 

30 29 42.6 210 29 10. 9 Solitary 2894. 2 3.461530 

San Pedro, Eftiscopal I~~ 1i ~;:~~ ¢6.2 ~~ ~g ~~J 
152 23 58. I Deadmaus Island 2017.9 3. 304900 

Church, wh te spire 1214.0 172 28 54. 6 Timm 1345.9 3. 121l998 
1899 20 36 .19. 7 200 35 53. 8 R.R. l'lngstaff ~19.8 3.533999 

29 04 02. 3 I 209 03 34.8 Solitary 24.3 3.419016 

San Pedro, Methodist 3~ n 16.3~ 504.5 321 42 '~·31 :a:!~ ~u 
Deadmaus Island ' 1690.2 3. 227942 

Church, gray spire II l 51, 5 1326.4 341 41 I • 2 Timm i 919. I 2.¢3355 
1899 3~ ~~ :~: ~ : 

184 57 41.7 Old 1930. I 3. 28~6<) 
2!l 23 24. 7 Solitary 216<). 9 3· 33 436 

San Pedro PaYilion, cu- I~~ 1a ~n~ 367.4 32' 10 56. 31 142 Il 16. 2 Deadmaus Island 1505.6 3· 177719 
po la 1202.1 ~; ~~ ~u I 

167 24· 52. 7 Timm 753.6 .. 87i153 
1899 205 01 42. 7 R.R. Flagstaff 2872. I 3. 45 197 

31 12 23. 4 I 217 II 55· 7 Solitary . 2128. 2 3. 328oo6 

San Pedro Schoolhouse, l~~ 1i ~:;~ 670.3 319 36 15° s 139 36 42. 9 Deadmaus Island 1959.3 3. 2921n 
cupola, flagstaff 4. 2 16 39 57· I 1¢ 38 38.3 R.R. Flagstaff 3032. 2 3.481763 

1899 25 12 10.4 205 II 50. I Solitary 22o8. I 3. 344019 

San Pedro, Catholic 33 44 09.8o7 302. 21 310"" 16.6 130 00 45. s Deadtnnns Island 1748.6 3· 242702 
Church, spire Il8 17 02, 86<) 73.9 355 50 35. 3 175 50 Jll, I Old 1725.0 3. 236'llt' 

1899 • I 'b 28 51·§ I~ 28 40. 7 R.R. Flngstaff 2659.9 3.424 7 

I 648. 21 

2 o6 33. 2 o6 15.0 Solitary 1847. 8 . 3. 266649 

San Pedro Latitude Stn- 1f~ ~~ ~~:~ I18 56 49. 7 298 55 o6. 8 i San Pedro 5448. 2 I 3· 736253 
ti on 56. I 232 30 00. 0 52 34 02. o I,os Cerritos I 14118.8 I 4. 149798 

I 
1852 

I 

Terminal Island Pinn- 3~ 4i 48. 3o6 1488. 3 0 40 27.9 180 40 27. 3 Deadmaus Islaucl 2310. 51 3. 363707 
ing Mill, iron stack II I 09· 786 251.9 22 57 03. 3 202 56 46.4 TitnJU i 2016.0 3,304~ 

1899 38 28 11.2 218 27 23.0 Solitary .'15¢·4 3.555 

Jllack Beacon* I~ n ~J~ 108.3 327 31 04 147 31 17 Deadmans Island I II02. 9 3.042531 
1899 871. 3 19 16 52 199 16 48 'I'in1n1 504.7 2. 703059 

T~faM11~1\ e~t~~~~ :1~f 33 44 46.3o6 1426.7 10 19.33·4 190 49 ~· 1 Deadmans Island 2289. ~ 3. 359732 
tI8 15 54. 139 1393.5 33 31 21.7 213 30 5 . 1 l 1'imm 2152. 3.~33001 

35 03 16. 3 215 02 21. o R. J!.. Flagstaff 4472. 5 3. ~0553 
43 47 27.4 223 46 30. 5 Sohlary 3815. I 3. 5 1505 

Red Beacon ,i~ 1~ ~~:I~ 1624.9 ! 3~~ ~ 1s:b 154 02 56. o I Deadmans Islaud 665.~ 2. 82~150 
1899 570.31 

222 33 38. 2 R. R. Flagstaff 2730. 3.43 297 

I I 
6o 05 22.6 240 04 41. 2 Solitary 2213. 7 3.~120 
72 so 10,0 252 49 59.9 Timm · 489.5 2. 738 

I 

*No check on this position. 



566 

i 
i 

Curve 
1899 

Jet~y 
1899 

Station 

I 
Post 

' 1899 
I 

I:otel 
1899 

San Pedro, Presbyterian 
Church, ~·p!rc* 

1899 
Point Fennin Light

house 
1878 

Sepulveda 
1859 

Rattlcsuo.kc Islnnd 2 
1872 

San Gabriel River 2 

1872 

Station I 
1872 

Station II 
1872 

Station III 
1872 

Los Alan1itos 
1872 

New River 
1872 

Landing 
1872 

Slough 
1872 

Sand Beach 
1872 

I.ittle Hill 
1872 

COAST AND GEODETIC SURVEY REPORT, 1904. 

Newport Bay to Point Dume-Continued. 

Latitude I Sec- I 
and londs In Azimuth 

longitude meters 

3; 4~~-1~ .0

4
·;

0
•
1 
.. _4

1 
I'· s:s :~;-~· 

118 16 15. sSo 42 11 43. 8 
44 55 55. 7 
61 54 50.5 

33 44 01. OJ I 
118 16 58. 28 

33 42 20. 134 j 
118 17 35. 2981 

33 45 o8. 878 
118 15 32. sBB 

33 45 44.8¢ 
118 13 42. 709 

33 46 02.411 
118 11 58. 226 

33 45 49. 787 
118 10 or.,586 

33 45 34.426 
118 o8 54. 376 

33 45 00.769 
118 07 33. 177 

33 44 13. 04r 
u8 04 10.670 

33 43 35.4o2 
118 04 47. 866 

I 33 43 26. 8<19 
I r18 o3 5'-504 

1125.3 
113.9 

1156. 6 
300.8 

273.5 
8J!!.7 

1383.2 
r099. r 

74.3 
1498.4 

J06<J.7 
1399·4 

23. 7 
853.9 

3~:~ I 
4oi.8 
274.6 ' 

1090.8 
1232.3 

340 o6 15. 7 
49 52 44. 6 
51 02 13. 2 
69 04 o6.5 

J03 25 30. 7 I 

r88 o8 38.9 I 
195 43 33. 3 
218 15 01.0 

202 05 56. 3 
202 44 48. l 
224 00 34. 2 

359 43 42 
36 02 36 

15 46 43. 2 

!~~ ~ ~g: ~ i 
275 19 50.4 

70 52 o8.6 
230 03 07.0 
337 44 23. 2 

182945.6 
109 o6 23.4 
187 29 33.6 

43 15 25.5 
68 34 56.4 
87 "' 13.3 

133 47 24. 5 

54 46 46. 7 
1o8 59 02.0 
223 04 51.3 

66 09 54· I i 
91 23 32.2 1 

104 49 03. 3 
185 27 o6.4 I 
71 39 40.3 I 

~~ ~~ ~~:~ l 
163 15 58.0 

3r3 32 50. 2 

r~§ ~i ~~: ~ 
116 23 52, 6 
r48 05 r5. 7 
186 42 r6.8 

122 20 02. 0 
152 32 43. 1 
204 56 44. 2 

89 56 02. 7 
121 30 11. 2 

r20 58 42.6 
153 o6 44.9 
2r9 32 39. I 

100 r6 26.9 
r6o 52 r9·3 

Back 
azimuth -~0-.. ~ .. o .. In;~.~··! Jf,,'.!; 

Dead1nans Island [ 111z:::so 12. 793071 
0 

J68 40 20. I 
222 11 20. 3 
224 55 r2.3 
241 54 05.5 

Old 1626.6 3. 2I1275 
R.R. flagstaff · 2855. 5 3. 45568o 
Solitary 2366. 8 3. 374168 

16o o6 rs. o 
229 52 oo. 9 
231 01 49.4 
249 03 21. 2 
283 25 16. 7 

8o842.5 
15 43 46. 7 
38 15 31.2 

22 o6 o6. 4 
22 45 07.9 
44 01 IO. 4 

179 43 42 
216 02 15 

195 43 o8.8 
319 02 00. 7 
49 05 11.0 
95 29 26. r 

250 50 30.9 
50 04 rr.7 

157 44 57. 0 

r98 29 24.4 
28<) 05 28. 4 

7 29 43. 3 

223 14 03. 2 
248 33 55. 3 
267 34 17. 2 
313 46 33. r 

234 44 26.4 
'288 57 12. 5 

43 o6 04. 5 

Deadn1ans Island 
R.R. Flagstaff 
Old 
Solitary 
Timm 

Old 
'fin1n1 

I 
Dead111a11s Island 

Old 
•rimm 
Deadmans Islnru.1 

Old 
Solitary 

Catalina Peak 
San Pedro 
Los Cerritos 
Las llolsns 

San Pedro 
Drun1 
Deadmans Island 

Deadn1ans Island 
Sepulveda 
Dru tu 

Deadmans Island 
Rattlesnake Id. 2 
Sepulveda 
Drum 

Deadtnnns Island 
Drun1 
I-fos Cerritos 

246 <J6 29. o Deadmans Island 
277 22 27. 4 Station I 
284 46 0<;. 1 I J>nnu 

5 27 'r4. 7 I,os Cerritos 

251 35 37. s I Dead mans Island 
28o 18 50. 1 ,. Station I 
285 17 50. 7 Station II 
343 15 29. o Los Cerritos 

133 33 48, r 
239 13 21.6 
3"9 25 29. 0 

2¢ 23 07.3 
328 04 or. 4 

6 42 23. 0 

I.anding Hill 
Station III 
I,os Cerritos 

Station III 
I.os Cerritos 
I-fas Alan1itos 

302 r9 II. 7 New River 
332 31 52. o Los Alamitos 

24 56 58. o 1 I,nnrling Hill 
I 

26<) 55 oo. 5 Landing 
3or 29 22,8 L>inding Hill 

300 58 01. r 
333 o6 17.2 
39 32 59.8 

28o 15 55. 6 
340 52 oS. 7 

Landing Hill 
Slough 

Sand Beach 
Slough 

2~~~- ~ 
1423.0 
2250. 6 
669. r 

rr65. 2 
228Q. 4 
2228. 2 

1230. 2 
2374.8 
2414.0 

1449.4 
168o.4 

I 36714. 6 
5974.5 

15967.1 
26842. 8 

4787. I 

3907. 8 
4135.3 

3104. 5 
26w.o 
3421.0 

5565. ~ 

;~~~: 8 
3298. 2 

7¢1.0 
536o.6 
4952. 3 

2. 501811 
3. 424r54 
3. 153194 
3. 35229r 
2. 825518 

3. 006417 
3. 359720 
3. 347956 

3.o8998> 
3. 375620 
3.382743 

3. 161190 
3.225417 

4. 5648388 
3. n63014 
4. 2032254 
4. 428.~276 

3. 68oo74 
3, 591928 
3.616512 

3.491986 
3.431211 
3, 534156 

3. 745485 
3, 482554 
3.731oo8 
3. 518274 

10392. 9 ' 4. 016738 
3026. (• 3. 480957 
8347. 5 3. 921557 
4023. 6 3, 604620 

11838. I 

4809. I 
1793. 2 
4676. 8 

3699.9 
2767. 4 
4821.8 

2332. 9 
6498.5 
2469. 7 

2756. 8 
4425. 6 
1519. 3 

2883. I 

2629. 5 

2246. 0 
2840.6 
1503.9 

14'74· 7 
1505. 7 

4.073282 
3. 682o63 
3. 253633 
3-66w53 

3.568195 

~:~~~j 
3, 367893 
3. 8128r2 
3. 392639 

3. 4404o8 
3. 64597~ 
3. 181630 

3. 459864 
3. 419874 

3. 351417 
3. 453404 
3. 1772o8 

3, r63695 
3. 177733 

*No check on this position. 



APPENDIX NO. 9. TRIANGULATION IN,CALIFORNIA. 

Newport Bay to Po£nt Dume-Continued. 

I 
Latitude Se~ I Back To station Loga-

Station. and onds·in Azimuth Distance 

i longitude. meters azimuth rithms 

-----
0 I " "'· 0 I II 0 I " meters 

Bolsas Cre<ok 3~ 42 36. 782 1133.3 137 42 53. 7 317 4i 18. 3 Sand Beach 2441.5 3. 387650 
1872 II 03 44. 001 1134. 6 172 55 14. 7 3~2 55. 10.6 r,ittle Hill 1555.0 3. 191737 

267 12 5g· I 7 13 24.0 I,as Bolsas Chica II74· 2 3.009746 
319 43 4 . l 139 44 24. 3 Sand Knoll J477-6 3· 394024 

Grass E:dge li~ ~~ ~~:~j 368.1 \ 8 37 19. 0 188 37 11.4 Dolsas Bluff ~~!:3 3.369461 
1873 1114. 2 53 17 47.5 ! 233 17 15. 0 Sand Knoll 

2104J 
3. 274818 

ll2 59 41.7' 292 59 oo.o Las Bolsas Chica 3. 323212 

Mustard Point I~~:.: ~~:5~ 
1261. I 320 sB 23.3 140 58 46.4 Las Dolsas 1703.4 3. 231315 

1873 1528 .• 47 29 13.6 227 28 41. 7 Balsas Blnff 2011.3 3. 303483 
86 19 39· 7 266 18 42. 9 Sand Knoll 2646. 5 3. 422667 

120 05 19. 3 300 04 13. 2 Las Bolsas Chica 3546. 7 3. 549828 
130 11 17.8 I 310 10 53. 5 Grass I<:dg<o 148o.9 3. 170537 

I,os Angeles Normal 
I~~~~::~~ 69.3 343 07 10.0 l 163 10 13. 0 Los Cerritos 29053. 2 4. 4631945 

School 376.9 355 29 16. 9 175 29 52. I Dominguez Hill 2o6o2. 4 4. 3139182 
1883 34 05 51. I I 214 01 oB.7 West Beach 23169. 9 4. 3649235 

De Camp 
, 

34 00 16. 629 242 55 48. 2 62 ~ 26.g No'rmal School 11225. o I 4, 0501865 
1883 118 21 44. 409 I~~;:i 320 51 37. 3 140 17. Lo> Cerritos 29247. 0 ' 4. 466o810 

322 58 22. 4 143 02 35. 2 Dominguez Hill 19325. 6 4. 2861332 
II 54 53· 7 191 53 49• I West Beach 14402. 4 4. 158.\338 

Los Angeles Magnetic 34 03 03.584 110.4 ! 2y6 20 18. 2 II6 20 20. O Normal School 92.6 r. !/>6794 
Observatory 118 15 17. 931 459·9 I 342 59 09. 9 163 02 14. 7 I .. os Cerritos 29116. 8 4.4641434 

1883 . 355 16 00. 5 175 16 37. 5 Don1inguez Hill 20650. l 4. 3149223 

I 33 52 l I. 5 213 47 30. 9 West Bench 23157. 6 4. 3646926 
62 36 31.6 242 32 55. 3 De Camp II 170, 0 4. 048o512 

Com.pton Schoolhouse, 3~ 53 50. ~78 '~J 3.'I• 21 40. 0 152'23 42.6 l,os Cerritos 12204.9 4. o86536 
spire II 13 26. 32 I~; ~§ ~~: ~ 197 58 45. 0 Dominguez Hill 3729. 7 3. 571~72 

1883 312 53 54. 9 De Camp 17452. 0 4. 241,846 

Tajanta Schoolhouse, 33 56 36. 780 1133. I 336 23 22.8 156 25 5~· 6 J .. os Cerritos '~·9 4. 240072 
tower 118 14 17. 349 445.5 359 01 45· I 179014.3 Dominguez Hill 3. 937684 

1883 120 35 05. 5 300 30 55. 7 DeCnmp 1332U 4. 124709 

Do"'.ney City Church, I~~ ~~:~i~ 1609.1 5 55 24.0 185 54 51.3 l,os Cerritos 14633.9 4. 165359 
sp1re 1233. 4 48 47 07. 6 228 44 07. I Domingnez Hill 11057. 9 4. 043671 

1883 112 17 24. 5 2<)2 10 10.8 De Camp 21532. 5 4·3.~ 
143 II 41. 2 323 o8 05. I Norn1nl School 16554.0 4. 21 

J,os Angeles \Doyle I~~~ :t~~ j~J: 
348 38 30. 2 168 40 ~H I,os Cerritos 26840. 7 4. 428794 

Heights), Dav s tank 4 35 00.0 184 34 . Dominguez ~1ill t9lll. I 4. 281285 
house, flagstaff l~~~:~~J 222 16 05. 21 West Bench 23946. 5 4. 379242 

1883 295 20 45.2 Normal School 3476. 2 3. 541104 

Los Angeles (Doyle ~ 02 50.986 1571.0 349 15 57. 2 169 17 50. I Los Cerritos 27945. 6 4. 446314 
Heights),electric hght II 13 09.o68 232.6 4 3.'I 14,6 184 32 39.61 Dorninguez Hill 20255. 5 4. 3o6543 
tnnst 40 43 48. 9 220 37 56. 3 West Bench 24854. 7 4.39~ 

1883 70 15 18.3 250 10 29.9 De Camp 14050. 6 4. 14 . 
96 o8 28. I 276 oS 17. 7 Normal School 3240. 7 3. 51o63 

Los Angele•, Baptist 3~ 02 48.4~: 1494. I 34.'I 22 52.8 163 25 50. I I.,os Cerritos 28571.0 4. 455926 
Church, spire IIS 15 04.3 i 112.6 35 14 16.6 215 09 28.6 West !leach 22971.,'j 4. 361190 

1883 

M 03 01. 7861 

65 31 17.9 245 27 34. 2 Ile Cnmp 11279.0 4.05n69 

Los Angeles, Catholic 55. 0 344 57. 02, 7 164 59 44. 8 l,os Cerritos 28774. 8 4.459012 
Cathedral, spire 118 14 37. 178 . 953.5 358 10 05. I 178 IO t9. 4 D01ninguez Hill 20534. 9 4. 312492 

1883 I 36 02 54.0 215 57 50. 7 West !leach 237II. 2 I 4. 374953 
I 65 07 45. 6 245 03 46. 6 De Camp 12084. I 4. o82216 

L~n:-~~~~';,'\i Presbyte- 34 03 o8. 742 269.4 344 37 53. 7 164 40 40. 7 • 1,os Cerritos 29040.5 4.463004 
118 14 45. 928 1177-9 35~ t~ i§: ~ 177 34 18.61 Dominguez Hill 20757. 4 4. 317173 

1883 215 13 20. 1 West Hench 23754.4 ::~m~ ~3 44 43. 2 243 40 49. t De Camp 11974. 2 

Los Angeles Signal ~ 03 19.6o3 004.0 345 54 36. ~ 165 57 11. o J Los Cerritos 29216. I 4. 465622 
Service I 14 23. 224 595. 7 35 58 16. 215 53 05. 7 . West Beach 24365. 7 4. 386778 

1883 63 33 21.9 243 29 15.0 i·De Camp 12644. 6 4. !01904 
67 57 20.-' 247 56 51. 5 ; I,.A.Normal School 1424. 2 3. 153570 

Los Ang<oles, High ~ 03 18.512 I 

~:~1 
34~ 20 o6. ~ 165 22 47. I J.,os Cerritos 29256. 3 4.466220 

· School, flagstaff I 14 34.663 i 35 23 19. 178 23 32. ~ Dominguez Hill 21~8.1 4. 323212 
1883 J5 27 12.5 215 22 07. West Beach 241 7. I 4. 383224 

63 05 18.9 243 01 18.6 De Camp 
~ 

12367. 3 4.092274 
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Newport Bay to Point Dume-Continued. 

I 

I I ! 

I 
\Distance! 

Latitude I Sec- i I Back I .. oga-
Station. and ondsin; Azimuth 

I· 
azin1uth To station rith111s 

longitude. n1f!ters1 I 

I 1-1 
0 I II "'· 0 ' II 0 I II meters I I 

Los Angeles, electric I~~~ ~~:6~ 538.°2 344 41 20.9 i 164 44 o8.8 J.os Cerritos 29311. 2 ' 4. 467033 ' 
light mast (Hill street) 1221..1 357 28 46.9 m~~:o 

Dominguez Hi11 21027. 8 ! n;;~i 1883 ' 34 50 55·9 'Vest Bench 23949. 5 I 
62 30 31.0 242 26 37. ~ De Camp 12057.21 4. o81246 

\Vest Los Anlil"eles, Meth- ~ 01 13.6g 420. 0 76 II 30 256 o8 54 De Camp 7346.8 ; 3. 86610 

i 
odist Episcopal I 17 o6. 3 163.7 220 33 30 40 34 33 J,.A.NormalSchool I 4405. 7 ' 3. 64401 
Church, spire* I 

1883 ' 
Wilmington Water 33 46 07. 18 221. 2 134 ·18 21 314 r3 53 West Beach f 1~05.1 4.~17 

\Vorks, rnaii1 tank• 1!8 15 38. 24 9114.0 248 s8 59 69 02 15 I Los Cerritos 86.6' 3. 17 

I.,os Angeles J.,ongitude 34 03 03. 78 116. 4 
I 

Station 1!8 15 16. 91 

4:::: I 
' 

1889 

Los Angeles I.ongitudc 34 03 02. 20 
Station ll8 15 16.50 423. I ! 

18g2 I 

I 
J,atitude 

I 
67.8 i J,os Angeles I 34 03 02. 20 ' Station I 1!8 15 16. 55 424.4 

• 1892 I ' 
Los Angeles NW. Jlase 3~ 55 05.69 175.2 

I Latitude Station 

1 

ll 03 23. 24 597· I 
189o 

Dominguez Hill Zenith I 33 51 55.6~ 1713.8 
Tele~cope Station II8 14 II.4 294.5 

1870 

Dominguez Hi 11 Me- 3~ 51 55.63 1713.8 
rid inn Instrument Sta- ll 14 11.39 292.8 
ti on 

1670 

Cove• 3~ 48 35. 37 1o89. 7 171 01 II 351 00 45 West Bench 76o6.9 3. &812o8 
1855 ll 22 53. 91 1386.6 245 16 51 65 21 42 Dominguez Hill 14778. 3 4.16¢23 

Snit Pond 33 So 43.69o 1346.0 153 44 30.0 333 43 51.§ West Beach 3¢9.8 3.598768 
1856 118 22 31. 770 816.8 26o IO 42. 2 8o 15 20. [ Dominguez Hill 13046. 3 4. JJ5487 

Rockv Point li~ ~~nm 
1218. 3 185 30 05.41 5 30 24. 7 I West Beach 9276. 2 3. 967372 

1656 378. 5 205 oo 26.o I 25 01 23. 3 Salt Pond 626o.8 3. 796628 

Point Vincent N. W. 3~ 45 52. 220 16o8.8 193 34 11.3; 1335oj.2! West Beach l09Cf.'l.9 4. 041350 

I 
II . 25 20 •. 526 528. I 211 18 41.41 312015.21 Salt Pond 8348. 4 3.9216o5 

229 15 38. 3 49 16 14.9' Rocky Point 2234. 4 3.349164 

Finale* 33 46 30. ~I 9i~:~ 333 21 33 153 21 45 Scorpion I ~5·7 3. 112500 
1870 JJ8 23 00. 2 21 53 JI 201 52 54 Last l. 7 3. 318411 

I I i Far Knob 33 45 30. 232 931.4 296 39 31.8 1!6 40 15. 5 Ou~post 2268. I 3. ~·5566o 

I 
1~70-72 I I lS 19 55. 701 1433.5 301 52 42. 0 121 54 46.9 Deadmans Island 6817.~ 3. 33G10· 

314 50 39· l 134 51 21.4 East Slope 276o. 3. 441036 
318 55 42.4 1;i8 s6 59. 6 Solitary 5447. 8 3. 736222 

i East Slope 33 44 27. 035 832.9 43 03 03. I 223 02 44. 5 Cactus 1265.5 3. 102251 
1870 uH.18 39.655 1020.7 184 17 19. 8 4i :; ;~:~ Outpost 931.8 2.¢9333 

i 226 IO lo.6 Sepulveda 3137.6 3.4¢6oo 

I 
293 21 2.9 113 22 35. 5 Dead mans Island 4173.1 3. 020457 
323 o6 53.0 143 07 28. 0 I Solitary, 2701,2 3. 431554 
331 o6 22. 6 151 o6 59. 1 R. R. 1'1agstaff 3503. 9 3. 544549 

' 

I 
Mustard 33 4~ ~· 186 ~H 

131 IO 18. I 3ll 09 52. 5 Cactus 1583.5 3. 19¢27 
1870 118 I .909 134 48 48. 0 314 47 52. 2 San Pedro 3646. 2 3.561845 

170 31 52 .. ~ 350 31 45. 4 F.ast Slope 1994.3 3· 29')Bol 
174 .54 o8. 8 3~ ~ 03:~ Outpost 2907. 9 3. 46i577 
264 53 49· 4 91130~.1 

Deaclmans Island 3517.0 3.54 172 
278 30 20. 2 Solitary 1307.5 3.11~ 
319 20 48. 3 139 21 16. 6 Point l'ermin 2009.8 3. 3031 3 

Timms Windr.1ill ii~ 1i :n~ 917.8 15 54 56. 3 195 54 42. 4 Solitary 2335. 0 3. 368292 
1870 

l 
304.1 43 17 50.3 223 17 o8. 6 Mustnrd 2819.3 ~· 450134 

72 o6 14. ~ 252 05 07. 4 Cactus 3284. I 3.51~12 

I 87 51 23. 267 50 35. o j East Slope 2262. 7 3. 354 22 

---·-· 
I ! _____________ _ 

•No check on this position. 



APPENDIX NO. 9. TRIANGULATION IN CALIFORNIA. 

Newport Bay to Point Dume-Continued. 

I 

I Distance 
I Latitude Sec- I Back Loga-

Station and onds inl Azimuth To station 

! longitude metersj azimuth rithms 

0 I " "'· 0 I II 0 I II ttuters 
Spring 3g 44 ~·"88 1on.9 2~ 51 54.8 655227.7 Outpost 1673.6 3. 223658 

1870 11 19 3 .288 934.1 2 44 43.3 109 46 37.4 Deadmans Island 5619.6 3. '[j9709 
320 21 25. I 140 22 31.9 Point Fermin 4852. 5 3. 5~ 
321 04 43. I 141 05 21. 6 Mustard 2843. 2 3.453 
333 <>4 36. 9 153 04 49· 7 Cactus 1312.0 3. u7925 

Bench 3~ 43 5p76 17o6,0 I 203 09 59. 2 ~~~~:a 
Spring 1327. 5 ~::i:g:~ 1870 II 19 5 • 57\. 1456.4 267 24 00.7 Cactus 1117.5 

293 14 33· I ll3 15 22.8 Mustard 2512.5 3.4001o6 
3<>4 48 44.9 124 50 03. 0 Point Fermin 4407.1 3.644151 

Coyote 33 44 46.872 1444.0 210 48 37. 0 go 48 50. 4 j San Pedro 621. 7 2.793~ 
1870 118 20 31. 555 812.2 3~ 17 17.0 12~ 18 ·oo. ~ Cactus 2534.9 3.203 

3 46 25. 5 12 47 34. I Mustard 2116. 3 3. 14~ 
312 13 54. 2 132 15 31. 7 Point Fermin 103. 2 3. 7855 
330 25 20. 2 150 25 39. 6 Bench 1824.2 3. 261 2 

Unknown' I~~ ~~ ~:: ~~~ 1270.5 201 03 28.5 21 03 45. 3 , Coyote 2166.8 3. 335825 
1870 46. 4 255 21 16. 6 I 75 27 52. 8 Bench 1734.8 3.239237 

291 25 55. 7 111 27 50. o Point Fermin 56g1.5 3. 755225 

Knob Jg 42 52.678 1622.9 115 .. 50.1 295 21 42. I Unknown 3491.7 3.543037 
1870 11 18 59. 265 1526.0 I~ 37 45,0 322 37 13. 2 Bench 2430.7 3. 385739 , 1 44 02.0 ro~ 1g ~:~ Cactus 2014.5 3. 304175 

285 15 57. 2 Point Fermin 2220.9 3. 346532 

Portuguese Point ,i§ ~~ ~:~~ iJ8.4 ~~8 !~ ~:~ 70 50 55.6 Coyote 3004. 2 3. 486319 
1870 17.9 g8 42 47.9 Bench 3839.3 3.584256 

295 38 58. 2 115 39 43.9 Unknown 2347. 5 3. 37o612 

Ranchi ta ~ 45 2~. 278 778.8 304 17 20.6 I~ 17 58. l Coyote 2100.1 3. 322231 
1870 1 21 3 . g65 100>.8 316 24 58.6 I~ 25 55· 5 Bench 3823.3 3. 582436 

343 l2 50. 7 l 3 23 11.4 Unknown 3345· 0 3. 524401 
27 54 30. 3 207 54 05. 3 Portuguese Point 2477-0 3. 393920 

Sea Bench ~ 43 31.854 g81.4 102 52 15.5 282 51 48. 2 Unknown 12g8.6 3. 11346g 
1870 I 20 12. 630 325. 2 :~ ~~ ~u 32~ 32 21.9 Ranchita 4121.3 3.61713 

34 05 46. 3 Coyote 2~a::~ 3. 373290 
209 41 38. 3 29 41 47. 2 Beu ch ;:~~ 293 57 12. 2 113 58 39. 0 Point Fermin 44u. 6 

Long Point I~~~~ ~~:m 351.1 236 01 oo. 8 :~6 02 13. 6 Ranchlta 4073.4 3.~58 
1870 1292. 5 ~~~ ~~ !8: 9 

f 57 01.2 Coyote 5229. 0 3. 71 17 
7 45 16. 2 Portuguese Point 2220. 8 3.346510 

2~4 40 25. i 94 ~2 35.3 Bench 6o34. 5 3.78o644 
220500.4 !02 o6 33. 9 Unknown 4433.8 3.646773 
282 15 15. 3 102 17 16.1 Sea Bench 5732. 2 3. 758324 

Gus li~ ~~ ~t~~ 137.8 275 58 35· I ~ 00 26.5 Coyote 
;~~:~ 3. 1;;,6o2 

1870 1326. I 300 17 07. I 120 18 41..7 Unknown 3. 7 123 

~a~~;:~ I~ 16 00.9 Portu~ese Point 2749. 8 3.439~0~ 
17 o6 58.6 .Long oint 1636 2 3· 213 ~ 

Wash Rock Point• ,i~ ~ ~~:~1 ~-8 265 04 03 85 o6 20 Coyote . 6378. 2 3.8o4700 
1870 .4 284 48 21 104 50 21 I Unknown 5768. 8 3.761o82 

Portuguese Bend l~g ~ ~:~;~ 61~.5 82 54 18. I 262 53 47. 7 Portu'J,uese Point ~rs 3.1~11 
1870 75 .2 85 52 15. 2 265 50 57. o Long olnt 3.5 84· 

110 28 32. 6 2go 27 13. 3 Gus 39~.6 3.594021 
329 13 04. 2 149 13 19. 5 Unknown 1386.9 3. 142046 

I,ast ~ 45 27.614 850.~ ~~~ ~~ ~~:8 
91 26 32.0 Ranchi ta 28~.2 3. 459120 

1870 I 23 30. 766 791. 105 14 17. 3 Coyote 47 .2 3.6i,~6 
12 01 54.9 192 01 44.1 Long Point 2401.0 3.3 ~7 
37 51 33.0 217 51 21. l Gus go3.o ._955 I 

scoz;islon 1t~ ~ g8:6~8 1624. ~ 297 42 52. 2 117 44 15.8 San Pedro 4379.6 3.641436 
I 70 978: 299 04 38.8 119 og u. 6 Ranchita 1~39.5 3.~o~ 

301 55 23. 2 121 5 33. 5 Coyote 
311 00 34. 0 131 02 03. 7 Bench t;~:~ ~: ~4fo1~ 
6o 19 og.3 240 '18 40.0 I,ast 1561.9 3.193663 

Yonder ~ 44 47.002 1448.0 209 27 01. 6 29 27 o8. 2 Gus_ 618.2 2. 7~1105 
1870 I 24 04.1o8 105.7 ~l~ ~~ ~:4 34 26 43. 9 Last 1517. 2 3.1 l~ 

2~1 49 21. & 
72 29 29. 4 Ranchi ta 3917.3 3·~ 

IOI 50 47. 7 Portuguese Bend 4o6q.4 3· 529 
291 23 26.41 111 24 2T.9 Portuguese Point. 2767. g 3. 442o87 
293 20 17. 0 113 21 58. 2 Unknown 5111. 3.7o8554 
341 56 II. O 161 56 18.8 Long Point 1153. 9 3.o62152 

Buena vista :a 03 18.5~ M3·0 358 24 :i1. 61 178 24 44. 3 Dominguez Hill 21050. 5 . 4. 323262 
1870 I 14 34 3 1.8 35 27 49. 9 i 215 22 45. o I West Beach 24173.4 4.383338 I I 

•No check on this position. 
10277-04--39 
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Point Dume to Santa Barbara. 

I,atitude Sec- I Back Loga-
Station and ondsin Azimuth To station Distance 

longitude meters azimuth rithms 

0 I " m. 0 ' " 0 I " meters 
Point Hueneme I,ight- 34 o8 45.022 1~87. 3 46 40 44. 7 226 34 52.4 Anacapa 22181. I 4.345<)823 

house I19 I 2 34. 332 79.5 147 o6 35.4 327 02 30. 8 Chaffee 20483.4 4. 3114031 
1876-1898 . 287 OJ 02. 5 107 05 55. 7 I.aguua 14007.4 4. 1463578 

Santa Barbara Mission, 34 26 18.8is 580.8 342 o8 ~.6 :~2 :,g ~u Santa Cruz East 44692. 8 4. 6502377 
south tower I19 42 45· I I u53. o 3 o6 .o Santa Barbara 37~.6 ~J~~rs 99 o6 32.4 27g So 02. 9 Gaviota 451 .6 

73 00 40.9 252 56 14. l l?elican 126o5. 8 4. 100571 
55 42 17.0 ~5 40 58. 1 Hill i319.4 3. 635428 

103 ~ 32.6 " 3 03 12. 51 Cluster 500.4 3. 812942 
127 19.1 307 07 33· 3 Thompson 2~.8 3. 414442 
264 03 04. 7 84 03 23. 2 Mission 37. 3 2. 9228c)o 

Topographical 1 lna~:~ 644.4 139 17 09· 9 319 14 25. 2 Chaffee "U2. ~ 4.059657 
1867 1450.5 161 55 34.4 341 55 oo. 4 San Buenaventura 4 7. 3. 6<)7911 

239 19 09. 2 59 26 15.8 Santa Clara (old) 22521. 6 4. 352599 
3o6 27 52. 4 126 34 05. 8 I,aguna 2u90. 9 4. 326149 

Mesa 34 15 31. 258 ¢3.2 43 28 14.6 223 26 50.9· Topographical 1 5532. 9 3. 742955 
1867 .I19 12 27. 950 715. I 97 44 05.7 2l~ ~; ~~J 

San Buenaventura 5401. 2 3. 732491 
244 22 12. 6 Santa Clara (old) 17266. l 4. 237193 
321 28 20.0 141 33 10.1 I,aguna 21240.5 4.327165 

Martin 34 17 48. 000 1479.0 305 01 17. 7 125 03 30.0 Mesa b338.4 3.8656oi 
1867 119 16 22. 842 584.2 344 59 43.5 165 00 32. l Topographical I 519. 7 3. 93042 

349 19 46.7 169 20 01. 2 San Iluenaventura 3549. 3 3. 550139 
95 01 53.4 274 59 57. 3 Chafiee 5300.0 3. 724279 

Middle Point 34 07 oS.591 264.7 163 54 26.6 343 52-48. 5 Mesa 16120.9 
~:~''m~ 1867 Il9 09 33· 295 853.2 277 22 43. 9 97 25 55. 5 I.aguna 8827. 2 

Rabbit 34 07 44.861 1382.3 334 45 39· I 164 45 52. 5 ~i~::H~a Point ~~i~:~ 3. 368743 
1867 I19 04 15. 713 402. 7 2 12 21.0 262 09 22. 8 3. 914587 

138 47 11.5 318 42 34. 8 :llesa 19114. 5 4. 2~1363 

Pelican 34 24 19. o61 587.3 270 10 54.6 90 15 16.8 Santa Barbara 11853. i 4. 07384~ 
1862 I19 50 37.184 949.7 IO 28 42,3 190 26 12.9 Santa Cruz West 37443. 4.57337 

Hill 34 24 59.839 1843.8 291 01 45. 1 I III CX) 00.6. Ranta Barbara 3609. 2 3. 5574o8 
1862 Il9 45 04. 897 125. I 21 56 o8.6 201 50 32.3 Santa Cruz West 41036.6 4.613171 

81 36 14. 2 261 33 o6. 4 Pelican 8578.'} 3. 933422 

Cluster 34 27 o6.566 202.3 310 19 12. 2 130 21 27.9 Santa Barbara 8o43. 3 3.905434 
1862 II9 46 53.196 1358.0 324 41 20.3. 144 42 21.5 Hill 4784. b 3. 679854 

47 57 09.9 227 55 03. 3 Pelican 7703. 3. 886705 

Tho~on 34 27 09. 721 299. 5 340 35 19.1 16o 36 00.5 Santa Barbara 5623. 2 3.749982 
1 3 Il9 44 o6. 258 159. 7 203054.0 200 30 20.9 Hill 42b2. 9 3. 630721 

62 14 57.5 242 II 16. 6 Pelican II2 2. I 4. 052389 
88 42 20.9 268 40 46. 6 Cluster 4262. 4 3.629654 

Mission 34 26 21.663 667.5 15 09 27.4 195 09 04. 5 Santa Barbara 3cj;o.6 3. 597763 
1862 119 42 12.539 320, I 6o 12 19.8 240 10 42. 4 Hill 5071. 0 3. 705176 

117 02 o6. 2 297 01 01.9 Thompson 3258.9 3.513072 i 
Dens 34 2~ 5>.964 1632.0 63 44 ~.o 243 42 42. 2 Santa Barbara 6639.3 3. 822125 

1862 119 3 59. 946 1530.5 100 12 3 . 6 28o 10 47. 7 !'.1ission 4996. I 3.698627 

I White 34 24 58. 686 i 18o8. 3 79 37 19.6 259 34 46.9 Santa Barbara 7014.4 3.84~ 
1862 119 38 22. 942 i 585. 8 113 34 52.4 293 32 42. 7 Mission 6395.8 3.80. 2 

150 32 17 4 330 31 56.5 Bens 1920.9 3. 283509 
I 

Ridge 34 26 oo.~o6 \ 'l·4 68 24 31.9 ~8 22 45.8 White 5156.4 3. 712345 
1863 119 35 15. 1931 387. 9 87 45 36. 4 2 7 43 29. 4 Dens 5742.9 3. 759131 

Mound 34 24 52. 207 . 16o8. 7 92 09 05.3 272 07 o6. 8 White ~58.9 3.7~~ 1863 119 34 53. 243 , 1359. 7 1o6 34 12. 8 286 31 53. 5 Bens 571.9 3.81; 
165 02 47· I 345 02 34. 7 Ridge 2171.9 3.3368 

Boyle 34 25 46. 320 1427. 3 46 38 41.9 226 38 02.8 Mound 2428.5 3. 385335 
1863 "9 33 44. 099 1126. 0 100 30 15.9 280 29 24.4 Ridge 2365.5 3· 373915 

Sheep 34 23 47.657 j 1468.5 116 36 33. 3 2g6 35 05.4 Mound 4442. 5 3.64~0 
1863 "9 32 17. 709 . 452. 3 132 03 26. 1 312 01 45. 8 Rid~e 6rn3. 3 3. 78 2 

148 53 59· 7 328 53 10. 9 Boye 4270. 4 3. 630470 

Oregon 34 2b 52.48o i 1617. I 293 53 48. 6 113 54 59. 3 Cluster 3491.1 3·~~5 
18c)o II9 4 58.236 ! 1486.3 21 OI 21.J 201 00 25. 4 Pelican 7044. 7 i 3. 47 0 

I 
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Point Dume to Santa Barbara-Continued. 

i--- _________ L_a_t-it_u_d_e-~J-8-e-c--11 ____ ------,1,-----,-la._c_k __ l ____________ ~----
Station and •ands in Azitnuth nzimutlt To statio·n Distance rth~~-s 
--------r---10_1_1gi-·tud_e_ n1ete~~I------·' _______ , __________ , ____ -----

More 
190> 

\Viscousin 
'9"" 

Conover 
1900 

Olmstead 
1866 

Snake 
1866 

Rincon 
1866 

Monnt Honr 
1866 

Punta Gorda 
t866 

Las Peles 
1866 

Ridge 
1866 

Ord 
1866 

Snn Buennventurn 
c~~h, ~pire 

Cross 
1866 

Mill, chimney 
1863 

Gedney 
1890 

Crane 
18¢ 

Ledge 
1868 

llugu 
1868 

o / " '" o / " 0 / /1 tneters 

ln :~ ~:~~' ~l~:~ I~~~~~:~ ~~ ~~ g~:~ ~;~j~~~ 1:it~ 
207 56 58. 6 27 57 40. 1 Cluster 3995. o 

34 28 12. 8.54 
"9 47 50. 139 

34 27 28. 326 
ll9 47 54. 171 

34 22 42. 017 
"9 28 48. 591 I 

34 22 20. 844 
119 25 14. o63 

34 21 21. 414 
119 26 29. 535 

34 19 39.578 
ll9 23 23. 765 

I 
I 

J¢.1 
1279.ti 

872.81' 1382. 7 

644.0 
47.6 

642.3 
359.3 

659.8 
754.6 

32! ~~:~I :~ti~~:~ 
Cluster 
More 
Pelican 
Oregon 

30 38 20. 3 210 36 45. 9 
70 o8 38. 7 250 o8 oo. 2 

293 18 02. 7 
4 18 16.0 

35 31 40.9 

u5 28 32. 5 
137 15 12.6 

73 02 28. 4 
98 09 33.6 

110 12 42. 9 

109 23 48.3 

:~~ ~21U 
201 19 57.0 

¢ 48 17.1 
125 26 09· I 

124 57 49.6 
226 28 38. 3 

123 28 22. 7 
124 07 48. 5 
150 26 33. 2 
2!J8 27 42. I 

113 18 37. 2 
184 18 oo.o 
215 30 oil. 8 

295 26 21. 8 
317 13 40. 9 

~~g ~ ~:6 
290 09 34.0 

Cluster 
More 
Pelican 

Mound 
Boyle 

Olmstead 
Mound 
Boyle 

289 22 33. o Olmstead 
29:1 16 19. 2 :\found 
306 56 o6. 5 Boyle 

~ 21 20 18.9 I Su.ake 

276 46 16. o i Rincon 
305 24 29. 9 i Snnke 

304 56 31. 1 Rincon 
46 29 20. 9 Jllount Honr 

303 26 37. 9 
304 04 45. 2 
330 25 31.0 
118 29 43.0 

Punta Gorda 
Rincon 
Mount Honr 
Chaffee 

34 20 55. 149116<)<}. 3 
119 20 36. 431 ' 931. 0 

311 37 54. 8 
322 19 20. 6 

~; ~ 1i:~ 

131 40 '17. 2 ! 
142 21 58.0 ' 
167 12 II. I 
241 25 22. 8 
290 23 33.4 

ltartin 
Sn11 Buenaventura 
Chaffee 

342538.212 
119 31 59. 794 

34 16 52. 192 
"9 17 49. 515 

34 17 05. 288 
ll9 17 44. 234 

34 23 20. 897 
ll9 31 01. 117 

34 25 !2, 034 
119 49 12. 714 

34 24 52. 095 
ll9 50 34. 222 

34 o6 55. 367 
119 02 54. 881 I 

I 
34 05 34. 1641 

119 03 16. 540 

I 

JIO 26 IO. I I 
2¢ 10 13.3' 

3i~ ~~ ~~:~ I 
16o8. 2 , 125 28 5'- 8 I 
1266. 5 232 ll 29. 5 

' 301 35 33. 3 

l :~~: ~ I ~~~ ~~ ~~J 
3o8 24 10. 0 

370.8 
324· 7 

115 24 17. 6 
127 o8 41.6 
137 07 22. 4 

184 16 26. 9 

~:~ :,g ~:~ 
273 22 43. 2-
52 53 37.9 
73 33 40. 1 

203 47 03. 3 
23g 41 43· 2 
~~~L 

4 15 02. 7 

63 23 13.3 
126 22 00. 5 

1052. 7 1o6 47 46. 5 
424. 0 ; 153 00 48. 2 l 192 30 31. 7 

116 12 23. 2 
16o 43 50. 2 
252 14 21.5 

Las l'etes 
Mouut Hoar 

Snake 
Olmstead 
Mound 

305 27 44. 4 Chaffee 
52 12 18. 3 1 lllnrtin 

121 36 36.6 Snn Buenaventura 

299 04 42. 0 
57 42 14.4 

128 25 IO. 3 

295 22 o6. 5 
307 o6 18.0 
317 05 50. 3 

Chn!Tcc 
Martin 
San Buenaventura 

Mound 
Ridge 
Boyle 

4 16 3S· 2 Oregon 
45 16 39. 21 Cluster 
65 09 26. 5 Thompson 
93 25 03. 3 Hi!~ 

232 52 50. 2 Pelican 
253 32 54. 2 Crnne 

23 47 57.5 
53 43 48. 3 
66 51 13.8 
88 24 02. 5 

184 15 01.0 

Oregon 
Cluster 
'f/;'{J.mpso.1 

Pelican 

~ 22 41.4 l.atuna 
3 21 15.2 i Ra bit 

286 44 15. 1 I Middle Point 
333 oo 28. 4 I,agunn 

12 30 43. 8 !,edge 

25o6.9 
5587.1 
837i.6 
1847.9 

1694-7 
4211. 2 

7164.7 

6545.3 
6102.9 

3609.4 
10141.5 

~:i 
5519.8 
5507. 7 

~:~ 
5691.4 

10025.6 
5712.9 
6238.4 

86~.7 
11 .4 
543 .3 
4870. 0 
7570.1 

6546. 7 
4482. 2 

4650.5 

3.399135 
3. 747190 
3.922810 
3. 266672 

~:6~J 
3.855200 

3.815930 
3. 785534 

3.662425 
4.oI'z431 

3.958899 

~:~m 
3. 975220 
3.435639 

3. 741923 
3. 740972 

3.637001 
3.424787 

3. 755218 
4. OOIII:Z 
3. 756859 
3. 795071 

3.938353 
4.o67761 

~:~2~ 
3.879102 

3.816o25 
3.651492 
3.667497 

3761. 1 I 3. 575386 
2So5. 5 3. 448o10 
3374. 7 3. 528232 

3660. 2 
2462. 8 
3495. 7 

6562. 6 
8138.2 
6u5. 9 

4957.6 

~~t; 
6339.5 
2705. 2 
2170.3 

6o74. 5 
7001.0 

10775.0 
8413.5 
1020.7 

1630.0 
2572. 2 

loo85. 4 
1968.:z 
2562.8 

3. 563504 
3. 391421 
3. 543530 

3.817074 

~:i~'1i: 
3. 695275 
3. 7002o6 
3.935692 
3.8o2058 
3. 432194 
3. 336512 

3. 212198 
3.410307 

4.003693 
3.29846.\ 
3.4o8722 
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Point Dume to Santa Barbara-Continued.. 

Latitude 
and 

longitude 

I Sec- Back I 
,ouds In Azimuth azimuth To station Distance I: 

Loga
rithms 

j meters , 
-------------------i---1-----------1---------1---- -----

0 I II meters i 
¢92.6 
6445. 4 
4333.3 

Vista 
•89<> 

Hens 2 

1!19o 

Spring 
1!19o 

Ha8sler 
1!19o 

}·rout 
1!19o 

Peak 
1857 

·i-r.ueneme 
1857 

Thompson's house, south 
-gable* 

1862 

White house, chimney 
1862 

Sand 
1862 

Sand Hit!* 
1867 

Bluff 
1862 

Clay 
1862 

Niderer'e (John) house, 
west chimney * . 

1862 

Whitehouse,eastgable* 
1862 

Hartley's house, west 
gable* 

1862 
I 

Santa Barbara Latitude I 
Station* 

1852 

·------------- ·--· 

0 I /I 

34 27 31. 551 
119 41 18. 551 

m. 
972.2 
473.5 

1653.7 
1493.0 

34 27 12. !85 375. 5 
119 38 17. 639 450. 3 

34 .z6 15. 720 484. 4 
119 38 19. 774 5"4- 8 

34 05 47. 665 
119 02 02. 5~7 

34 o8 44.497 
119 12 31.665 

34 26 22.29 
"9 43 33· 28 

34 27 01. 450 
I19 45 42. 252 

34 25 o6. 953 
I19 47 49. 202 

34 10 12.61 
I19 13 37. 64 

34 24 19.¢4 
119 45 05. 785 

34 24 03.896 
119 44 15. 983 

34 25 03. 772 
119 39 02. 7¢ 

34 26 33. 20 
I19 45 43. 70 

34 26 16.42 
I19 44 40.49 

34 24 41. 17 
I19 41 24. 56 

1468.7 
65.0 

1371. 2 
Bn,2 

686.8 
849.6 

388.6 
¢4.0 

615. 2 
147.8 

120.0 

4o8. 2 

116. 2 
71.4 

1023.0 
1115.7 

so6.o 
1033. 8 

c ' ,, 

286 50 01.9 
22 00 00.2 
81 04 59.6 

63 43 26.7 

~g~ ~ :~:~ 

2;~ :~ ~:: 
52 36 32.9 
97 22 39-5 

55 29 19.0 
181 47 g8. I 
275 44 26.4 

74 15 55.6 
79 16 3'-9 

154 07 44. 3 
24901 21.5 

77 38 14. 7 
us 51 02. 5 
147 15 24.0 

18o 26 04. 4 
278 II 22. I 
287 02 10.9 
302 52 15. 7 

42 38 46 
150 03 36 

264 03 16.2 
319 26 20.0 
345 43 02. 4 

272 .sS 40. 0 
71 01 51.3 

. 201 12 01.0 I 
16o 46 43 
•89 17 32 

&<] 50 15. 5 
181 03 26. 2 
271 13 23. 0 
287 22 15. l 

92 46 39.4 
Ill 16 17. 1 
144 04 20.8 
2.<;8 ~~ 05. 9 
283 ~ 22.2 

69 16 38. I 
116 22 04. 3 
182 44 .sS. 5 
278 4~ o8. 2 

87 28 34 
120 30 49 

245 39 II 
340 59 39 

2o8· 00 59 
14 47 41 

1.sS 25 09 
239 03 59 

1o6 53 27. 2 Ridge 
• 201 59 o6. 7 Santa Barbara 
261 03 24. 7 Thompson 

243 41 14 1 Santa Barbara 
310 o8 o6: 2 Vista 
87 57 46. 4 Ridge 

IlS 26 47- o Ridge 
203 18 31. o Bens 2 
232 33 57- 2 Santa Barbaro 
277 20 57. 2 Vista 

235 28 57. 1 
1 47 39· ~ 

95 46 10.5 

254 13 II. 7 
z59 14 ot.4 
334 07 26.4 
69 03 09. 6 

257 37 3-l· 2 
295 50 01. 2 
327 14 54. 6 

36o 26 o6.5 
98 16 00.4 

107 07 02. 7 
122 53 55.9 

222 37 54 
330 03 17 

84 04 10.5 

:t~ ~~ ~:~ 
93 00 12.8 

251 00 16. 4 
21 12 32 .. 7 

34~ ~~ ~ 
269 47 o8. 2 

10326.7 
91 14 38 0 

107 23 16. 8 

~~~ g ~g:~ 
324 03 53. 2 

78 43 52. 7 
103 58 55-7 

269 13 13.4 
2¢ 20 17.0 

2 45 00. I 
98 45 30. 7 

267 25 35 
300 29 27 

65 40 o6 
161 00 01 

28 01 18 
194 47 27 

338 24 42 
59 05 21 

Bens 2 
SJ?ring 
Ridge 

Senta Barbara L. H. 
Santo Barbara 
Bens 2 
Ridge 

Mugu 
I,oguna 
Ledge 

Mesa 
Rabbit 
Laguna 
Middle Point 

Hill 
Thompson 

Thompson 
Santo Barbara 
Hill 

!tm 
Pelican 
Cluster 

'l'opographical 1 
Mesa 

Pelican 
Hill 
Santa Barbara 
SantoBorbamL. H. 

Pelican 
Bluff 
Hill 
Santa Barbara 
Santa Barbara L. H. 

Hill 
Mission 
Bens 
White 

Hill 
Mission 

{i~1~mpson 

~Mmpson 

Mission 
Dens 

*No check on this position. 

6682.6 
4678.0 
5704. 6 

5157.4 
2634.4 
8854.6 
4656.2 

II99. 2 
1740.7 
4736. 5 

7694. 7 
~22.9 

52~~:~ 

~ii~:: I 
248o. 2 : 

12533. s I 
12839. 3 ~ 
13937.4 
5442. 5 

$1.6 
.4 
-7 

420i.5 
4536. 7 
3953.3 

6144.6 
9978.9 

8464.1 
1228.9 
339"· 0 
2918.8 

9747.5 

!i~~:~ 
2159.0 
1559.8 

9247. 7 
54o6.6 
1517.5 
1029.8 

2730. I 
3042.7 

186o.4 
2440.7 

3.986439 
3.8o9249 
3.636815 

3. 824946 
3.67oo61 
3.756223 

U!~ 
~:m:,~ 
3. "788cJo 
3. 240727 
3. 675454 

3.~86194 
3. 840290 
3. 268468 
3.719198 

3. 288272 
3.492781 
3.394486 

4, 098o71 
4. 1o8540 
4.144181 
3· 73sSoo 

3. 538262 
3. 227033 

~:~~~~ 
3.587340 

3.623405 
3. 656742 
3.596957 

3.927.<;83 
3·o89505 

t~t~~~ 
3.988895 
3. 135117 
3. 328141 

~:m~~ 
3.¢0034 
3. 732928 
3. 181118 
3.012736 

3.43618o 
3.483263 

3· 269597 
3. 387510 

3.522435 
3.633952 
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' 

Point Dume to Santa Barbara-Continued. 

--------

Latitude Sec- Back I Distance Loga- I Station and onds i11 Azin1uth To station 
longitude meters azimuth r!thms i 

------- ---- -----··---- ··------ -·· 
- 111eters -----[ 

II >n ' II 

Burton 34 24 42. 8o 1318.81 16q 49 39.6 ~ 49 16.1 Mission 3225.1 3.5o8547 
1870 11941 31.05 793.0 240 43 37.6 45 03.0 Dens 4423. 0 3. 645712 

Burton's wharf, end 34 24 37 .18 1145. 5 • 116 4~ 48. 6 2~ 47 40.0 Burton 384. l 2. 584428 
1870 119 41 17.63 450. 2 ' 156 2 10. I 336 27 39· I r.fission 3511.4 3.545483 

• 236 23 56. 3 56 2.~ 14. 2 liens 4220.6 3- 625373 

Burton's house, north· 34 24 43- 09 ';~J 395 03 21 215 03 2I Burton 10.9 l,036229 
east corner• Ii9 41 30. 81 i 

1870 i 
River 34 16 31. 105 95'~· 4 145 33 07. 91 325 32 25. I Chaffee ~~:~ 3.53i 

1870 ll9 IR 33· 313 852. 2 229 59 56. 4 I~~; ~3:~ 
Cross 3.2144 

285 37 50. 6 San Buenaventura 4148. 4 3.61 2 

Monument 34 16 55- 276 1703.4 52 33 55- 9 232 33 34. 4 , River 1225.2 3. o88195 
1870 ll9 17 55- 281 1414.0 125 36 42.4 305 35 ~8. 2 · Chaffee 3586.4 3- 554667 

222 29 13. 2 42 29 19. ~ Cross 418.3 2. 621534 
301 39 03. I 121 40 09. San Buenaventura 3550.1 3.550240 

San Buenaventurti Azi- 34 17 ~·~ 175, 41 294 02 54 114 04 42 San Buenaventura 5356. 7 3. 728894 
rnuth Mark• 119 19 .36 213.8 

1870 i 
Plain 2• 34 16 35.82 1103. 6 : 23 19 18 203 19 o6 Sau Buenaventura 1376.5 3.138~0 

.1870 Il9 15 35. 85 917.0 99 37 28 279 35 28 San Buen. Az. Mark 5513.0 3. 7413 5 

San Buenaventura Lat!- 34 l~ 59· 20 I 1824, I 
tude Station 119 15 57. 15 1462.0 

1870 

Santa Barbara l,atitude 34 24 17.66 544 .• 
Station 1J9 42 52. 88 1350.7 
I~ 

Meigs Windmill 34 24 09. ~16 293.J 245 5> 47. 2 65 52 59,5 Santa Barbara 00<;. 3 2. 7848o3 
1890 ll9 43 14. 58 379.5 4 57 24.7 184 57 23. 6 Santa Barbara L. H. 552.0 2. 741915 

Align<od a4 24 31. 343 965.8 310 23 52. I 1~ 24 03.2 Santa Barbara 653.6 2.~92 
1904 II9 43 12.574 321. l 4 57 25.9 I 57 23.6 Santa Barbara :r.. H. 1227.0 

4 57 25.9 184 57 24, 7 :Meigs Windmill 675. l t829J~ 
M<oigs Field 34 24 2~.476 785.0 221 19 o6. 9 4i 19 l0.4 Aligned 240.7 2.~14r, 

1904 Ii9 43 l • 797 48o. l 290 17 22.9 no 17 37. 5 Santa Barbara 700, l 2. 51 7 
348 26 15.6 168 26 17;7 M<oigs Windmill 501.9 l.7oo6~ 
357 05 30.4 177 05 31.6 Santa llarbara L. H. 1~3.0 3. 0182 

Santa Barbara to Point Arguello. 

Latitude S<oc- I Back r.oga-Station and onds in Azimuth I azimuth To station Distance rlthms longitude meters 

-----
0 I " m. 0 I " 0 I " 11U/tl'S 

Fogg 34 27 32. 284 994.8 274 36 33.8 94 40 10.2 Cluster 9797· 5 ~:rs;~~ 1863 n9 53 15. 712 402.6 325 46 05. l 145 47 34.8 P<olican 7200. 2 

Bruce 34 25 42. 271 1302.5 2o8 50 ~-1 28 51 o6.5 ~~ff~n g8'7<>.l 3.~717 
1863 n9 54 28. 912 738.2 293 24 .9 Il3 26 37.9 449.2 3. 505 

Don 34 27 3~· lo6 lo81.7 271 00 32. l 91 02 20.0 Fogg 4866. 2 3.687194 

i 
1863 119 56 2 .395 673.7 319 12 30.9 139 13 37.4 Bruce 4591.7 3.661972 

Nicolas • 34 26 10.484 323. 0 ~:ii :u 27 53 35· l Don 29~.1 3·t~2 
1863 u9 57 20. 453 522. 2 IOI 14 23. 2 Bruc<o 44 5.3 3. 9849 

Alcatraz 34 27 ·03. 6~o 113. l 257 49 28. 2 77 51 07. 8 Don 4597. 9 3. 662562 
1863 119 59 22.4 5 573.9 297 44 15.0 117 45 23. 5 Nicolas 3520, 1 3.546557 

Buck 34 28 37. b35 1162. 8 300 16 ~·3 120 17 38,6 Don 3826.8 3.~2838 
1863 119 sS 35. 79 915.6 337 00 .o 157 00 48.7 Nicolas 4928.9 3. ~ 22 18 59.3 202 18 32.9 Alcatraz 3133.0 3.49 

•No check on this position. 



574 

Station 

---

Cap itan 
1863 

Ort 
~~3 

Go at 
1863 

Tai iuivas 
1863 

Ref ugio 
1863 

You ng 
1872 

Led ge 
1872 

Bia ck 
1872 

Que mada 
i872 

Roe k 
1872 

Sto w 
1872 

Cam 
1~72 

Ono fre 
1872 

llru sh 
1872 

Ran 1 
1872 

Bur ke 
1872 

llald 
1872 

Kuo b 
1872 

Alta 
1872 

Tur 11 
1872 

Ani ta 
1872 

1872. 

Gui I 
1872 

COAST AND GEODETIC SURVEY REPORT, 1904. 

Santa Barbara to Point Arguello-Continued. 

Latitude I Sec- I 
and onds inf Azimuth 

\ongi~ude 1neters ', i--1 i 
I 

0 I fl Ill , 0 ' " 
34 27 36.610 I128.1 I 247 28 30. I I 

12001 33.951, 866.6 I 286 49 o6. 4 : 

34 28 46. 715114 9· 4 ! 
292 16 43· 2 ' 

I 
273 03 05. 4 ' 

110 01 58. 220 14~5. 71 343 59 59.0 I 

34 28 07. 900 I 243. 4 . 243 40 18.91 
120 03 32. ¢1 I 841. 3 ~ 287 36 04. 0 

I I 290 58 25.3 ! 34 29 47. 717 1470.3 ! 
120 05 IO. 249 261. 5 I 321 05 03. 7 

34 28 27. ir:o i 842. 4 I 118 34 25.6 1 

120 05 07. 32 199.9 262 57 04. 5 

34 28 42. oo8 I 
283 53 20. 41 

1294. 4 221 16 15. 8 i 
120 o6 19. 9051 5o8.o 283 48 oo.8 l 
34 29 18. 272 r,3.0 244 55 18.8 i 

120 o6 26. z6o 70.0 3o8 05 So· 4 ~ 
351 44 34.0; 

34 29 05. 954 18~.5 249 25 10.4 ! 
120 07 24. 648 62 ·9 255 42 o7.8 I 

294 03 43· 5 : 
I 

34 28 22. 882 7~· 1 202 o6 i9.o ; 
'20 07 45. 775 ~ II · 2 254 56 27.51 

34 28 46.020 1418.0 261 05 00. 9 
120 09 ss. 291 I 1487. 5 281 53 40.9: 

34 28 ~.483 415.4 194 o,-; ~·I , 
120 JO . 123 207.3 24848 ·Si 

265 25 50. 3 I 

34 28 44. 843 1381.8 268 47 21.6 ! 
120 II 05. 821 I 148.5 303 16 17.5: 

I 

34 28 13. 925 429. l 194 28 54· I . 

120 11 15. 464 394.6 243 19 48.0 ! 
270 26 54. 5 I 

i 
34 28 54. 434 1 1677.3 276 20 49. 5 

120 12 19.8oo 1270.8 297 23 57· 3 ! 

34 28 17. 272 532. 2 186 SS 11.8 1 

120. 12 55. z86 14w.9 253 04 31.0 I 
272 18 36. 6 : 

34 29 II. 159 ~3·8 281 57 45· I i 
120 14 25. o63 39· 5 305 55 37· 3 I 

i 

34 28 24.049 ~41.0 229 34 o6.9 I 
120 15 31. 843 12,6 2j7 I~ 45· 7 

272 5 46. 1 

34 29 19. 393 
120 16 46. 0')7 

597.6 
1176. 2 

274 01 18. 2 
3!1 sB 55.2 

34 28 43·fi :~~:b 174 o6 16. I 
120 16 41. I 256 14 02. 3 

288 34 38.4 

34 28 39. 881 . 1228.9 ~ ~r ~:~ 120 17 54. 139 1:,81.6 

34 28 02. 770 85.4 198 17 34· 4 
120 18 o8.953 228.5 240 37 2z.5 

34 28 09.826 ·02.8 249 41 00. 8 
120 19 32.1¢ ~21.7 275 50 14. 3 

34 27 5r.46S 1585.9 143 59 38. 2 
120 19 16. o88 410.6 234 29 36.6 

258 30 22. 7 

!lack 
azimuth 

i 

To station 

0 • ,, I 
67 30 10. Buck 

1o6 50 20J Alcatraz 
112 IQ o6. 8 Nicolas 

93 05 00. 0 Buck 
164 00 12.7 Capitan 

63 41 12.5 Ortega 
107 .37 II. 3 Capitan 

:~: ~ ~~:~ 
Ortega 
Goat 

3~8 34 24. 2 Tnhuivas 
2 58 51.8 . Ortega 

103 54 13. 2 I Goat 

41 16 55.2 Tahuivas 
103 48 41. 6 Refugio 

64 56 01.8 Tahuivas 
128 o6 34.8 Refugio 
171 44 37.6 Young 

75 42 40. 9 Ledge 
69 26 26. 51 Tahuivas 

.u4 04 20. 2 Young 

22 o6 31.0 I Black 
74 57 16. I I Young 

81 o6 27. 9 Black 
101 54 55. 9 I Quemada 

I 

14 03 10. 7 Rock 
68 49 41.0 nlack 
85 27 I0.9 Quemada· 

88 47 59. 8 Rock 
123 16 50. 2 Stow 

14 28 59.6 Camp 
63 20 31. 8 Rock 
90 27 32. 6 Stow 

¢ 21 48.4 g~11~fre 117 24 50.7 

6 sB 14.9 Brush 
73 05 33. 0 g~'::fre 92 19 33· I 

IOI 58 3§· O Brush 
125 s6 2 , I Ram 

49 34 44.7 Burke 
77 15 17.4 Brush 
93 00 14. 7 Ram 

94 02 38. o 1 Burke 
lJl 59 37.21 Hald 

354 o6 13. 6 Knob 
76 15 19. 61 Jlurke 

Io8 35 17. 9 Bald 

54 57 57.6 Knob 
86 34 45· 9 Alta 

r8 17 42.8 Turn 
6o 38 11.9 Alta 

6<i 41 36.3 Tun1 
95 51 01.4 Anita 

323 59 29. I Low 
54 30 23.0 Turn 
78 31 00. 7 Anita 

Distance! Loga
rithms 

·:------
meierB r 

3. 6')1917 j~~§j I 
~:~:m 6994. 21 

5170.8 3. 713557 
2247. 2 3.351640 

~-4 3 .8 
3. 430947 
3. 503352 

5247. 9 3-7~~ 3952.6 3.5 7 

2477. 5 ~:~ 4875.3 . 
2494.1 3.3¢920 

26')4. 2 3. 430422 
1893.9 3. 277368 

2141. I 3.33o6~ 
2543. 2 3.405 
1129. I 3.052750 

3662. 7 3. 563797 
1537.4 3. 186794 
IBo\l.4 3. 257528 

1432. 5 
226'). 2 

3. •s6':>9:i 
3. 35586<) 

3968.3 3.5~7 
3456. 0 3. 538574 

1033.5 3.0l.43o6 
4474. 0 3.650695 
3644.3 3. 561617 

1723.6 3. 236442 
1761. 2 3. 245799 

9&1.0 
2203.8 

2. 992977 
3.343164 

1718.6 3. 235177 

2669. 7 3. 426461 
2711. 7 3. 433243 

1153.6 3.o62o60 
2919.8 3. 465350 
2549. 6 3. 4o6471 

2484. 8 3. 39.~292 
2829.4 3. 451692 

2238. 5 3. 349966 

!~J 3.627340 
3. 6o2146 

36a?.5 3. 557203 
2549.2 3.4o6400 

1112.6 3. 046329 
3~8~.4 3.554774 
I 7 ,5 3. 273817 

2120.5 3. 326448 
1853,9 3. 268o\12 

1204.4 3.~71 
2557. 5 3. 407 15 

2668,.2 3. 426226 
2135. 6 3. 329511 

~-3 2. 844650 
25 .9 3.409747 
1748.4 3. 242653 

I 

I 
I 
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Santa Barbara to Point Arguello-Continued. 

I 
--~~~S-ta~ti-o-n~~~~-,---L~a-tl-tu_d_e~-l/~o-1S1-de-sc--,.-,,.--~~~~-:--./;~-B-a-c-k~~-i ~~~~~~~~:l~~~~,~-I-,o_g_a--~, 

and Azitnuth , azimuth I To station Distance; rithms 
longitude / meters I . I 

~~~~~-1 !-~~~~~~~-.-~~~,~~~~-' 

Seal 
1872 

Ridge 
1872 

Duck 
1872 

Mound 
1872 

Undo 
1872 

Bank 
1872 

Lime 
I872 

Coxo 
1869 

Wildcat 
1869 

Point Conception East 
Jlase 

1869 
Coyote 

1869 

Point Conception West 
Base 

1869 
Mesa 

1874 

La Costa 
1869 

Black Point 
1874 

Feldspar 
1874 

Bluff 
1874 

Espada 
1874 

Prospect 
1874 

Flint 
1874 

Point 
1863 

0 I II 

34 27 33.4o6 
120 20 28. 785 

34 28 19. 165 
120 •o 39. 893 

34 27 27. 584 
120 21 44.970 

m. 
1029.4 
734.7 

59"· 5 
1018.1 

850.0 
u47.9 

34 28 13. 493 415. 8 
120 21 52. 678 1314. 4 

34 27 56. i<;S 
120 23 14.802 

34 27 21. 967 
120 23 10. 186 

34 28 07.439 
I20 23 55. 8I9 

34 27 01. 117 
I20 25 31. •83 

34 27 58.482 
120 26 12. 3I5 

34 27 05. 825 
120 26 47. 811 

34 27 28. 760 
I 20 27 39· 707 

34 28 26. 162 
120 •8 "9· 931 

34 29 28. 075 
I20 27 44. 527 

34 29 •2. 01.5 
120 29 04. 977 

I~ ~n~:~~ 

I736.6 
·377. 7 

676.9 
311. I 

18o2.o 
314.3 

179.5 
1220.5 

886. 2 
IOI3.5 

8o6. I 
253.4 

865. I 
I136. I 

684.5 
127.0 

1665. 2 
732.8 

0 ' ,, 

232 o8 54.6 
253 17 52.8 

279 27 05. 4 
291 44 48. 7 
348 37 48.4 

•26 15 21. 8 
264 43 24.0 

264 3l o8. 7 

~~ ~ ~:~ 
255 51 16. 7 
29I o8 03.6 

176 23 41. I 
231 57 16.4 
265 32 50. 6 

288 03 39.8 
321 31 05. 2 

89 15 43.8 
230 00 2J. 2 
243 s6 53. 4 
259 43 58. 2 

265 27 33.4 
283 44 14.4 
3~ ~~ iU 

84 38 48.5 
2"9 IO 33· 4 
274 I4 27.4 

JIO IO 37, 7 
322 51 16. 2 
359 28 16. I 

216 3I 36.4 
298 04 31. B 

•10 18 40.8 
336 26 05.4 

323 05 05. 5 
323 24 44,6 
358 05 oo.6 

18 46 og. 8 

264 57 58.5 
320 52 33. 7 

305 21 II. o 
349 57 21. 1 
43 I9 39. 0 

34 31 55· I09 1698. I 3II 19 44,4 
I20 31 14.957 381.4 324 51 It.5 

34 33 oS.036 247.6 337 17 29.4 
120 30 o6. 773 172. 7 347 13 57. 2 

34 32 35. 749 
120 33 18. 854 

44I. 7 
1418. 7 

1101.6 
480.8 

34 27 39. 624 1220. 9 
120 04 21. 944 56o. 0 

37 44 05.4 

173 21 34. 7 
214 55 04. 2 
258 30 07, 3 
291 36 40.9 

235 07 .,, 3 
271 I3 39.6 
278 IJ z4. I 

0 I II 

52 09 26.6 
73 18 33. 9 

Low 
Gull 

• 
99 27 43'·7 Low 

111 45 J6. I Gull 
I68 37 54. 7 / Seal 

46 15 58. 6 Ridge 
84 44 07. l Seal 

S4 37 49· 9 SeRladge 
ll9 59 12. 2 f 
l 72 05 oo. 7 Duck 

75 52 o~. 2 
111 o8 54-4 

356 23 39. 6 
51 58 01.3 
85 33 39. 9 

loS 04 03.0 
141 31 29. 9 

269 14 13. 7 
50 01 15. 3 
63 58 to. 7 
79 45 16.9 

85 28 50.6 
103 45 56. 3 
149 21 18. 9 
238 54 to. 6 

264 38 01.6 
29 10 53.5 
94 IS 10. 7 

132 10 58.3 
142 52 00.0 
179 28 16. 6 

36 32 05.3 
u8 05 or. 2 

90 19 26.S 
156 26 20.5 

143 o6 21. 0 
143 25 16. 2 
178 05 03. 3 
19B 45 55. 4 

84 ,s8 44. I 

140 53 04.9 

125 21 36.0 
169 57 31. 7 
223 19 18.5 

Mound 
Duck 

Undo 
Mound 
Duck 

Undo 
Dank 

Pt.Conception L. H. 
Lime 
Undo 
Bank 

Lime 
Dank 
Coxo 
Pt.Conception I,. H. 

Ft.Conception L. H. 
Wildcat 
Coxo 

Wildcat 
Coxo 
Pt. Conception :i;:. B. 

Coyote 
Pt. Conception :i;:. B. 

Coyote 
Pt.ConceptionW. B. 

Coxo 
Coyote 
l't.ConceptionW. B. 
Mesa 

La Costa 
Mesa 

I.a Costa 
Mesa 
Dlack Point 

131 21 18. 6 Feldspar 
144 52 25. 1 lllack Point 

157 18 25. o Feldspar 

me/en i 
1829. o I 
1937. 1 ' 

1751.5 
2302. 8 
1438.2 

2 298- 9 
1952. 8 

1865. 7 
2471. 9 
1428.2 

2161.4 
'2458.3 

lo6t.8 
2576.6 
2232. 9 

· IIO!. I 
1789.8 

4o68.o 
318o.1 
3877.2 
36o8. 2 

3494. 5 
4733· 2 
20.o;.i.6 
3526.4 

2123. 4 
IS58. 3 
I959· 2 

1253.1 
3272.8 
2464. 1 

2186.9 
1501.4 

2073. 0 I 

1929.6 

5662.9 

~ifs:~ 
2014. 9 

206o.6 
2226. 2 

1382. 6 
2750.0 
1348. 0 

5647. 6 
5700.9 

6479. 6 
7134.6 167 14 32. 3 mack Point 

217 43 26. 7 Bluff • 2841. 2 

126" 38. 9 
166 24 21.5 
297 33 13. 7 

353 21 23. 3 
34 55 51.4 
78 31 56.2 

lll 37 51. I 

I;;spada 
llluff 
Arguello 

Arguello 
Prospect 

~J'Nda 

55 07 49. o j Goat 
91 1~ 14. 7 Capitan 
98 1 13. 6 i Alcatraz 

J446.5 
4413.7 
2971.6 

4442.6 
3705.0 
499z.6 
J398.5 

1523.8 
4288. 8 
7723. 6 

3. 262219 
3. 287157 

3. 243404 
3. 362257 
3. 157820 

3. 361513 
3. 2cp667 

3. •7o844 
3. 393031 
3. 154792 

3. 334735 
3.390029 

3.026046 

u:~~ 
3.041826 
3. 2528o7 

3.609383 
3. 502447 
3.s88519 
3. 557294 

J.543388 
3.675156 
3. 312723 
3. 547332 

3. 327029 
3. 26<;124 
J. 292014 

3.097998 
3. 514926 
3.391651 

3. 339828 
3. 1764¢ 

3.316594 
3. 285-175 

n~~~ 
3. 505678 
J. 304249 

3. 313091 
3. 347571 

3. 140710 
3. 439322 
J. I29(>98 

3. 751863 
3. 76o493 

3. 8ns.~o 
3.853369 
3.453502 

~:~~~ 
3. 472992 

3. 647635 
3.568790 
3.698758 
3. 531091 

3.182930 
3.632336 
3. 887818 



Rtntion 

1-
i 
i 
I 

i 
I 

Curlew 
1863 

8 

Dwelling house, chim-
ney 

1863 

Sage 
1872 

Oats 
1872 

Ward 
1874 

Point Conception Astt'O-' 
nomic Station 

1850 

l'oint Conception 
186<} 

Abalone 
186} 

I,one tree 
186} 

Barone 
1869 

COAST AND GEODETIC SURVEY REPORT, 1904. 

Santa Barbara to Point Arguello-Continued. 

Latitude I Sec-and ondsin 
longitude .. n1eters 

0 I m. 
34 26 09. 333 287.6 

ll9 55 53. 197 13s8. 2 

34 26 49. 231 
119 57 44. 5o8 

1517.0 
1136,4 

. 3~ 28 09. 430 
120 o6 07.42.1 

2~.6 
I ·5 

34 29 10.655 328. 3 
120 lJ 49· 17 I 1254.6 

34 27 o~.8o6 
120 26 4 .023 

178.§ 
1225. 

I 

34 27 09· SSS I 294. 5 
120 26 45· 427 u59. 4 I . 

~ 26 59· 240 1825. 4 
120 28 IO. 025 255. 9 

I 
34 26 37. 743 , u63. o 

120 27 20. 534 ' 524· 2 

34 .29 25. 314 II 78o. 0 

120 27 25. 429 . 648. 8 
i 
I 

34 27 40. 327 i 1242. 6 
120 27 16.691 ! 426.0 

I 
i 
I 
I 

i 
i 

------

Azimuth' Back 
azirnuth 

0 I " 0 I " 
90 5.5 o6,o 270 54 16. 7 

162 13 26. 3 342 13 07. 5 
291 JO 26,5 JII lI 14. 2 

lsS 35 25. 6 338 34 56.~ 
234 39 34.6 54 40 18. 
332 46 40, I 152 46 53.7 

99 23 07. 5 279 22 11.8 
162 23 50. 2 342 23 43· l 
250 03 03. l 70 03 36.8 

285 00 32.9 105 01 35. 7 
304 19 56,3 124 20 53· 5 
305 42 44. 7 
333 47 48, 2 ~~~ !~ ~: ~· 
~~ tJ ~::~ 2'5 43 '5· 2 

252 05 27. 6 

u8 " og· 6 298 11 34.4 
t6J 47 4 ,6 341 47 14. 7 
119 M 49.5 359 35 49· 2 
209 1 44. 3 ~ ~~~n 274 12 43. 0 

16o 32 33·a 340 32 00.3 
177 57 43. ~~ i~ !~J 209 t6 25. 1 
2774~ 07.~ 97 4§ 49.8 
29 4 51. 209 4 50.4 

188 04 26.1 8 04 40.~ 
217 53 15. 6 37 54 OI, 
220 23 20. l 40 23 37.3 
~ 42 34.2 ~ 43 40.9 

28 I7.2 29 03. 7 
269 10 II, 8 89 11 41.6 

II7 40 17.6 297 39 49.6 
162 42 30. 6 342 42 19.7 
214 59 05.1 ~~~~u 223 59 22. 3 
255 30 43. 3 75 31 45· I 

326 44 26.~ 1i6 45 31. I 
347 24 21. I 7 24 42.9 

5 47 40. l 185 47 32.0 
14 II 38.4 194 11 13. 2 

4~ 04 56. l 22~ 04 25.9 
5 45 19.5 23 45 o6.5 

207 01 00. 2 27 01 16.o 
251 11 36. 4 71 12 12.9 

125 01 II.8 304 58 42;9, 
140 42 57.6 320 42 20.1 
I~ t6 13.2 325 14 14.0 
l 40 43· 2 0 40 44.3 

338 43 «? tsS 43 33 
352 II 40 172 11 53 

16 47 36. s I lg6 47 04. 8 
48462>.7: 228 44 21.0 
So 23 53.6 ! 230 22 09. l 

170 36 20.8; 3~ ~~ ~n 248 59 48.6 : 
271 03 55.8 91 09 26.8 
274 30 10.0 94 31 18. 7 

I 

! To station 

olas Nie 
Doi 
llru 

1 
ce 

k 
I 

Bue 
Dor 
Nie olas 

Que 
Yot 
Ref 

mada 
ID~ 
ug10 

k Roe 
Stow 
Cam 
Ono 
Ran 
Bru 

'f.:e 
1 
sh 

onception W. B Pt.C 
LaC osta 

~fi ote 
deal 

Cox 0 

LaC 
cox 
Wt! 
Cox 
War 

osta 
ote 
dcat 
0 
d 

osta LaC 
Coy 
Pt.C 
Wild 
Pt.C 
Cox 

ote 
onceptionW,B. 
cat 
onceptlon E. B. 

0 

it Cocception 
onceptionW.11. 

Po it 
Pt.C 
Wild 
Pt.C 
Cox 

cat 
onception E. B. 

0 

0 
onception l!. B. 

Cox 
Pt.C 
Pt.C 
Poin 

onceptionW.B. 
t Conception 

t Conception 
onceptionW.B. 

Poin 
Pt.C 
Coxo 
W1ld 

le 
cat 

el Grav 
Bluff 
.Argu 
Esp 

ello 
ada 

Wild 
Co yo 

cat 
le 

Coxo 
Poin 
Pt.C 

t Conception 
onceptionW. B. 

g Fog 
Tho 
Snnt 
Peli 

mpson 
a Barbara 

can 

171 16 05.6 : 351 16 01.9 . Coyo 
251 25 38.0 . 71 25 54.9 I Wild 

le 
cat 

3 52 45· I 183 52 43· 3 ' Pt. C 

·----------'------"--~----------L. 
oncep. Ast. Sta.

1 

•No check on this position. 

Distance Loga-
rithms 

meters· 
.i22q,o 3. 347918 
2775. 5 3°443.\39 
2307. 9 3. 363223 

3591.3 3.5~248 
2444. I 3.3 126 
134•.6 3. 127956 

2544.0 3.405509 
1053. l 3. 022486 
t617.9 3. 208g39 

2929.4 3.466775 
3122.a 3.494551 
1362. 4 3.~03 
1948.2 3. 29 
2i56. g 3. 372226 
l 25. 3. 211057 

14g6.9 3. 175195 I 
4614.9 3. 664160 

I 
2464. 6 3. 391748 
186t.5 3. 269862 
1¢4.3 3. 293198 

4526. 8 3.655794 
2350.4 3. 371144 
1728. 2 3. ~7004 
19w.4 3. 11,;4 
133. 26 2.1246¢ 

4632.0 3.66~1 
3379.4 3.52 0 

~~U. 3.077103 
3,549993 

21o8.t 3.~3g62 
4052. 3. 7738 

lt26.5 ~:~~~~ I 46.4 
3036.7 3.482398 
1202. 7 3.o8o164 
288o.5 3.459465 

5313.0 3. 725342 
4404.0 3.6438~ 
3~.8 3-~4 
4642. 7 3. 768 

1~9.1 3.26g291 
7. I 2.8370~ 

1572.4 3.1965 
t735.7 3. 239469 

8171.~ 3.912297 
2665. 3.4257g6 
9405.2 3.&73368 
4310.5 3. 34528 

~~:i 3.5~ 
3.3 2 

4g62.6 3. 6<)5705 
7294· 2 3.S62g8o 
6115. I 3. 786402 

5786.4 3. 762407 
14013.4 4,146~ 
14961. 3 4.174 
3115.0 3.493453 

1109. 7 3.045203 
8o2.o 2.904149 

1255.0 3. og8634 
I 
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San Clemente Island. 

I I.atitude I Sec- i Back 

I 
I . I.oga-

Station and onds in Azimuth I 'l'o statioh Distance 
longitude 11neters i azitnuth rithms 

1-- I 
0 I " I 111. 0 ' " 0 I II 

meters I 
Malva 32 59 31. 02> 955.6 233 34 16.9 53 34 37. 71 Harbor 1232.6 3. Q908<>.~ 

186o-2 I 118 34 19. 019 493. 7 

San Clemente Island : 32 59 57.4621 1770.0 279 19 28.0 99 19 38. 6 Harbor 509.8; 2. 707434 
North Base ' 

118 34 00. 19B 5· I 30 57 42.4 210 57 32. 1 Malva 949.8' 2.977640 
186o-2 

t ' ! i 
I 

San Clemente Island ' 32 59 34. 845 :~~u 
82 31 43.3 262 31 24.51 l\lalvn 905.4 2. 956..S47 

South !lase 118 33 44.441 I :~ r. ~n 32A 34 50.3 S.Clententeid.N.ll. 807.9 2. 907372 
186o-2 42 29. Harbor 621.3 2. 7932;3 

Ridge 32 59 14. Sos 4,56.0: 1o6 IO 29,~ 286 09 53. 4 Malm 1794. 0 3.25~4 
186o-2 118 33 12. 653 328.51 149 18 07. 329 17 52. 5 Harbor 1432. 2 3.15 I 

Clay 32 58 53.684 1653.6 136 18 20. I 316 1~.57.6 MRl\'a 159"· 9 3. 20165~ 
186o-2 118 33 36. 686 952. 7 223 48 03. I 43 4 16. 2 Ridge 901,5 2.954¢8 

Wall 32 58 35.887 uo5. 4 123 28 27. 7 303 28 10.4 Cl':f. 1m:; 2.~741~ 
186o-2 118 33 04. 753 ' 123.4 170 17 24.6 350 17 20.3 Ri ge 3. 504 

Rant 32 58 14. 8361 457.0 176 19 15.8 356 19 14, 2 Clav 1199.2 3.0788g3 
186o-2 118 33 33. 722 875. 7 229 14 II. I 49 14 26.9 wall 993· 2 2.997044 

Vulpus 32 57 2S. 581 88o.i 12~ 38 50. 3 3~ 38 05.4 Ram i 2572. 2 3. 410302 
186o-2 118 32 I l. 267 292. 14 11 I0.4 3 10 41.2 Wall ! 2495. 7 3.397189 

Gull* 32 57 51.o6 1572. 9 2~ 48 59 20J 48 52 Vulpus 

I 

2~~u 2.886166 
186o-2 I18 31 58. 37 1515.8 12 41 53 3 41 17 Wall 3.344150 

Black Point 32 56 45.989 1416.6 142 12 53· I 32> 12 oB.6 Rani ~63.5 ~:~~m; 186o-2 us 32 12. 004 311.8 I~ 58 25.7 337 57 56. 2 Wall 3 52. I 

I 50 13. 7 0 50 13.7 Vulpus 

I 
1312. 2 3. 117993 

Malva 2 32 57 09· b~ 300.1 :z6 42 56. 5 2o6 42 48.8 Black Point I 819.2 2.913~ 
186o-2 118 31 57 .. 1501.9 128 50 48. 3 3o8 ~ 56.1 Rani I 3197.5 

i 
148 58 19.6 328 12. 3 Vu I pus 677- 2 u~7II 

Snipe 32 56 45. 894 1413.7 90 o6 41. I 270 o6 Os. 2 Black Point 1568.6 3. 195507 
186o-2 I18 31 II. 617 301.7 121 28 27. I 301 28 01. 9 1 Illa Iva 2 1407.3 3. 148372 

I 
3025.41 Rock 32 55 45. 642 I 1405.9 127 55 II. I 307 54 21. I Black Point 3. 48o78g 

l86o-2 118 30 40. 121 1042.4 142 04 58.4 32' 04 16.1 Malva 2 32~.3 3.51~ 
156 12 50.0 336 12 32. 9 Snipe 202 .4 3.3071 

Martin 32 56 07. 1¢ 221.6 33 o8 04·§ 213 07 55· 2 Rock 792.9 2.899232 
186o-2 118 30 23. 439 6o8.9 133 36 37. 313 36 11.6 Snipe 1728.4 3. 237648 

Bluff 32 55 36. 926 u37. 4 140 37 23. I 320 36 46.5 Rlack Point 2752. 5 3.439731 
186o-2 us 31 04. 777 124. I 154 16 17. 2 334 15 48. 3 Malva 2 3174.0 3.501611 

175 13 10. 8 355 13 07. I Snipe 2132.0 3. 328789 
247 .15 26. 8 67 15 40. 2' Rock 694.6 2. 841712 

I.edge 32 54 58.813 18n.6 151 5~ 51. 6 331 ~ 35.5 Rocl,o. 1634.9 3. 21348<) 
1860-2 II8 ·30 10. 511 273. I 170 5 31.4 350 24. 4 Marltn 0133. 2 3. 329026 

.Peak 32 54 52. 405 1614. 2 
1U ~~ ~~:~ 277 ~ 37-5 i~~~e 1464.2 3. 165613 

186o-2 118 29 14. 676 381.3 3o6 47.4 276o. l 
ui~~: 142 12 49. 5 322 12 12. I Martin 2920.6 

Green 3~ 53 53·Wi 1644.7 144 53 26.~ 324 52 56. 6 ~!~~e i 236~. 6 3.39157~ 
186o-2 II 29 15. I 415.3 181 04 IO. l 04 11.3 I l , 2 3. 25¢3 

Boulder 32 ~ 45. 541 1402.8 9b 20 58. 7 27l 20 19. i Green 1892.0 3. 276916 
186o-2 118 2 03. 781 gS.3 13 II 38. I 31 10 59. Peak 2763. 4 3.44~ 

I~ 26 28. 8 322 23 25.5 Harbor 14~53.6 4.15 
I 33 29·5 63542.0 Catalina Peak 54 15.2 4.738<)01 

Sedge 32 52 24. 028 740. I 13! 35 47.8 328 35 12.6 Green 
~~~a:~ 3.5o86o3 

186o-2 1!8 28 II, 313 294· I I 27 25. ~ 4 27 29.9 J)oulder 3.401175 

Thirst 32 53 01.515 46.b 57 40 03.4 237 39 25. 3 ~~~~~er 2158.9 n~~~ 186o-2 118 27 01. 145 29. l/l9 48 04. 7 309 47 30. 7 2n9.o 

Vine· 32 52 oo. 039 I, 2 127 13 21. 6 307 13 01.3 Sedf.e 1221.i 3.o86g6g 
186o-2 118 27 33. 892 881.2 166 33 ~-5 346 33 09. 3 Bou der 3341. 3.523¢o 

I 
204 12 ·9 241226.7 Thirst 2076. 3 3. 3172;3 

•No check on this position. 



I 

I 
I 

Station 

Alta 
186o-2 

Dome Hill 
186o-2 

Fork 
186o-2 

Gray 
186o-2 

Gulch 
1S6o-2 

Res~ 
186o-2 

Kelp 
186o-2 

Slope 
186o-2 

Seal 
l86o-2 

Guds 
186o-2 

Knob 
l86o-2 

Cactus 
186o-2 

Mound 
1878 

Mesa 
1878, 

San c;lemente Longitude 
Station* 

1852 

North Head* 
l86o-2 

COAST AND GEODETIC SURVEY REPORT, 1904. 

San Clemente. Island-Continued. 

I,atitude Sec-
and ouds in 

longitude meters 

---
0 ' " '"· 32 52 35· 337 J088. 5 

118 26 37._205 <)67. 2 

32 50 50.971 1570. 1 
ll8 26 52. 1o8 1355.0 

32 51 59· 764 1840.9 
118 26 24. 573 638.9 

32 51 sS· 674 18o7.4 
118 25 49. 076 1275-9 

32 51 26. 573 818.5 
118 26 07. 510 195·3 

32 51 o6. 349 195.6 
118 24 42. 514 l!05. 5 

32 50'27.330 841.9 
118 26 o6. 8o1 176.9 

32 49 50.80<} 1565. l 
118 24 19.996 520, I 

32 48 14.828 456.8 
118 2 o. 53469179 2.6 

32 49 45· 162 i 1391. I 
118 21 55. 354 I 1439. 7 

32 50 32. 621 1004.8 
. 118 23 IO. 813 281. l 

33 00 25. 745 793. 2 
118 34 16. 229 421. 3 

33 01 07. 768 239.3 
HS 34 04· 004 119.5 

33 01 13.699 
IIB 35 21.,52 

422.0 
564.6 

lf~ ~ ~~j~ 1317.6 
489.4 

I 

Azitnuth 

----·-·· 
0 I " 
53 34 58.6 
81 54 JO. 0 

142 20 39. 9 

152 57 09. 7 
176 39 24. 2 
186 52 14. 9 

90 16 27. 7 
163 19 03.9 

92 05 II. 3 
132 04 26. 3 

156 32 43. 6 
159 sB 37.5 I 205 51 24. 5 

:~~ ~i ~~:~ 
132 58 10.0 

121 43 24. 5 
179 25 15. 4 
ll!g 18 OJ. 2 
241 15 13.4 

112 03 24. 7 
136 32 39. 7 
165 52 33. 8 

166 57 59. 2 
1 16 93 43 .o 
211 47 40. 2 

92 39 29. 5 
101 15 12.9 
119 55 28. 6 
124 00 14. 5 

M 24 28.5 
~7 58 2s. 6 

113 32 59.8 
122 48 oo.6 

316 03 27. 4 
2 27 36. 7 

344 38 37. I 
13 07 19.1 

275 12 27. 4 
310 58 24.4 

299 13 o8 
4 47 31 

318 02 21 
332 50 33 

Back 
azbuuth 

0 ' " 
233 34 2~. 8 

~~~ ~~ ~d 
332 56 47.0 
356 39 19. 2 

6 52 23. 0 

270 l~ 50. l 
343 l 57· 1 

272 04 52. 0 
312 04 00. 2 

336 32 34. 3 
339 58 21.3 

25 51 34.5 

285 44 n.8 
312 35 01.4 
312 57 33.9 

301 42 59· 9 

3sg ~g :n 
61 15 59· I 

292 02 26. 8 
316 31 41.4 
345 52 21.6 

346 57 39.5 
1 I .o 
3~ 4~ ~-4 

272 38 II. I 
281 12 56. 5 
299 53 sB.o 
304 04 07. 8 

I 
! To station 

1. 

Vine 
Sedge 
Thirst 

Vine 
Thirst 
Alta 

Vine 
Alta 

Fork 
Alta 

Fork 
Alta 
Gray 

Gulch 
Alla 
Gray 

Dome Hill 
Gulch 
Gray 
Rest 

Kelp 
Gulch 
Rest 

Kelp 
Rest 
Slope 

Slope 
Kelp 
Rest 
Gray 

234 2.1 51.0 Slope 
267 56 50. 3 Kelp 
293 32 JO. 1 • Rest 
302 46 34. 81 Gray 

136 03 46. 7 Harbor 
182 27 35. 2 · Malva 

164 38 50. 1 i Harbor 
193 07 12. 8 ; Cactus 

95 13 09.4 
130 59 00. I 

119 13 48 
184 47 29 

\Mound 
Cactus 

! 
l Mound 
\ l\feSR 

i Harbor. 
[Malva 

*No check 011 this position. 

i 
Loga-Distance I rithn1s 

-1----
meters j 

1831.4 
2471. 1 I 1018.6 

2389. 0 
4028.3 
3238. j 

1802. 2 
1144. 0 

l~;:g 
lll4. 5 
2254. 6 
1098. 9 

22¢. 2 
4050.4 
2365. I 

1385. I 1 · 
1825. 1 

~,,.I 2499. 8 

2996.9 
4004. 5 
2399. 61 
4189. 7 

.o 

3766. I 
6667. 4 
501.~.3 
7338. 6 

:2212.8 

4579. 7 ' 
26o1.2 
4895. 2 

l,)24.8 
1687.3 

2331. 7 
1329. 3 

2010, 6 
2252. 7 

22o8. 2 
8')8. 6 

476o.9 
48o1. 7 

3. 262790 
3. 392898 
3. oo8o12 

3. 378216 
3. 6o5121 
3· 510314 

3.25~10 
3.05 15 

2. ¢5427 
3. 226744 

3.047099 
3 .. 153005 
3. 040957 

3.361016 
3-007~ 
3. 373 2 

3. 141488 
3. 261268 
3.455054 
3 . .;97905 

3.476678 
3.609007 
3. 380137 

3. 62218i 
3. 73471 
3. 541440 

3. 575888 
3.823953 
3. 70029 
3. 865612 

3.:14~38 
3.66 34 
3.415168 
3. 689766 

3. 122134 
3. 227202 

3. 367673 
3. 12361! 

3. 303331 
3.352702 

3. 34404 
2.95355 

3.67769 
3.68140 
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Santa Catalz'na Island. 

,-------------,....--------;--·---,-----·~--~-·----------------

1,atitude I Sec- [ Back \ I I Loga-
Station and oud .. inl Azitnuth _nzitnuth ' 'fo station Distnnce

1

, rithnts 

----------- longitude lmetersl----- ·l·----!-----I 

Cliff 
1875 

Goat 
J875 

Red Peak 
1875 

Granite 
1875 

Ridge 
1875 

Stony Point 
1875 

Prospect 
1875 

Well 
1875 

llird Rock 
18;5 

Santa Catalina Island 
Latitude Station 

1852 

White Rock 
1875 

Santa Catalina Island 
North Base 

J875 

6 ' " \ m. I 0 o /1 · meters 
33 26 02. 133 I 65. 7 •

1 

3
1

13 o6o6 4Jo
6 

.. 4
5 

J33 o8 38, 8 Catalina Peak 76J4. 5 
u8 27 36. 630 • 946. 3 o6 286 02 42. 3 West Peak 10445. 6 

332456.62011744.4' 229233 vg~I·.45 43rn11.7 Cliff 2767.J 
118 28 49. 902 . 128g. 3 · o8 uo 113 Jo 47. 2 Catalina Peak S104. 3 

33 28 32. 737 ' 1oo8. 61 3o:i 56 07. 1 , 1 22 58 39. 8 Cliff 85~. l 
118 32 13.742: 354.8 321 38 56.31 J41 40 50.7 Goat 84 .2 1 

I 
sS 45 JI. J 238 44 09.6 West Peak 33 . J I 

33 26 46. 389 J429· 2 

1 

122 37 55. 8

1 

302 37 04. 8 West Penk 2835. 7 : 
u8 32 3>.770 846.4 188 31 40.3 8 31 50.8 CR

1
e
1
.dffPeak 3313.0 

28o 05 01. 9 100 07 45. I 7769. 9 

33 28 22. 996 : 
118 33 19. 250 I 

33 26 36. O~? : 
118 30 29. 700 \ 

33 26 04. 220 I 
118 31 14. "9 

33 27 48. 077 
ll8 29 28. 056 

33 26 29. 868 
I18 29 50. 259 

33 27 05. 158 
118.29 ] t. j21 

33 26 21. 612 
I i8 29 53· 538 

I 

uo6. 8 
954· 7 

7o8.5 
497.0 

130.0 
367.3 

J48I. 2 

724.4 ' 

I 
l~~~: ~ ! 

300 24 44. 2 120 26 47 J Goat fi677. o 

158 28 05. 0 I 
258 59 39· 2 

259 56 02. 0 

338 Cl 56. 7 , 
39., 27.81' 

95 43 54.3 
143 15 18.4 I 
283 o8 20. 7 I 

319 53 05.4 I 

122 38 14.41 
229 2~ 48. 0 
270 38 20. 5 
299 IO 34.61 

318 35 17. 7 
35 42 09.6 
68 17 30.q ' 

107 50 26.61 

69 S<J 15.9' 
100 34 52.3 
193 23 o6. 3 

422841.2 
66 01 59.9 

162 18 22. 3 

338 27 49. 4 
79 00 14.6 

West Peak 
Granite 

79 56 38. J Red Peak 
158 02 22. 3 Granite 
219 22 02. 4 West Peak 

275 42 46. 5 1· Granite 
323 14 21. l Red Peak 
!03 09 56. I Cliff 
139 54 oo. 5 Goal 

302 37 31. J I Granite 
49 29 12. 5 Prospect 
90 40 20. 4 Cliff 

119 11 54, 2 1 Goat 

138 36 J9. I 

2J~ 41 35. 6 

~~7 ~~ ~~:~ 
249 58 29. 6 
28o 34 30. 5 

13 23 18.s 

Cliff 
Prospect 
Granite 
Red Peak 

Well 
Prospect 
Bird Rock 

222 28 20. o s. C. Islaud Lnt. Sta. 
246 01 16. 9 Prospect 
342 18 13. 3 Bird Rock · I 
155 34 32. 7 : Well · ' 

13 s2 45. 7 Bird Rock 

1990. I 
It>Bg. 0 

1717.8 
3209. 2 ' 
1872. 41 

~~~:~I 
4593. 2 : 
4005. 4 ' 

2409. 2 
1509. 7 
5621. I 
4270. 6 

4351. 5 
2732. 2 
5135. 0 
4494. 0 

23o8. 2 
1038.6 
2476. 8 

1474.0 
22o6. 6 
1387.9 

2151.8 I 
1036. 7 

Santa Catnlinn Island I 33 25 59. 396 
South Dase I "8 30 o6. 059 

J830.o 
156.5 

75 35 17.2 
115 25 29. 7 
193 52 31. 7 
lyM 24 55. 4 
>18 50 01.8 

94 49 43· J 
151 30 52. 7 
205 17 39. 6 

295 25 09. 7 I Prospect I 
1~ 24 57. 2 J S. C. Island Lat. Sta. 
38 50 24. 8 . White Rock 1 

274 49 05. 5 Well 
3~~ f~ ~g: ~ ~~o~~f.~~se 

2™:? I J722. 3 

1767.0 
1285.0 
756.954' 1875 

Cactus Peak 33 20 14. 1 u 
1876 I 118 26 42. 331 

Slide 
1875 

West Point 
1875 

Black Point* 
1875 

Fish 
1875 

Bluff 
J875 

33 27 29. 270 
118 34 44. 345 

33 28 24.671 
ll8 35 49. 4g8 

33 28 30. 44 
118 34 44. 30 

33 26 32.113 
I18 34 J3. 864 

434. 7 
J094. 7 

901.8 
1145. 2 

159 15 32. 2 
172 32 48.4 
216 59 09.0 

258 22 09. 7 
291 14 03. 8 
313 21 15. 9 

76o, J 2j0 45 02. 3 1 
J278.o 299 06 J0.41 

315 24 26. 4 

1m:~. 2~~ ~~ ;~ I 
~:~ :~fl~:~ i 

262 5~ 10. 2 I 

339 14 21. 9 Goat 
352 32 18. 5 I Cliff 
37 oo 37. 4 Catalina Peak 

78 22 31. 2 . West Penk 
111 15 16. 3 · Granite 
133 21 53. o Ridge 

go 46 25. 2 
119 07 07.9 
135 25 02.4 

9.5 58 12 
263 58 02 

33.5 54 3.5· 7 
6 27 05. 3 

82 sS 30. 5 

288 19 56. 7 
28 50 01.6 

102 59 59. 8 

Stony Point 
West Peak 
Slide 

Stony Point 
West Point 

Slide 
West Penk 
Ridge 

Ridge 
Granite 
Well 

9307. 2 
1o813. 2 
6go7. 0 

Jo30.9 
;,645. 9 
2393.6 

3879. 8 
3o81. 3 
23¢.6 

2:io7. 8 
1692.9 

1928.9 
IC)<~!. 2 

g6o.4 

3.881640 
4.018934 

3. 442026 
3.go8718 

~:~~gr.~ 
3. 527381 

3. 452665 
3.520226 
3· 8<}0416 
3.824584 

3. 2g886<) 
3. 227640 

3. 234<)83 
3.500400 
3. 272387 

3. 504118 
3. 651go8 
3. 662118 
3. 6o2644 

>· 381876 
3. 1788<)8 
3. 74g822 
3.630492 

3.638638 
3. 4365o6 
3. 710540 
3.652634 

3. 363273 
3. 0164s1 
3. 393883 

3. 168510 
3. 343725 
3. 142364 

3. 332811 
3. 015636 
3. 438370 
2. 428274 
3.i36113 

3. 247227 
3. 1o88q5 
2. 879069 

3. g68820 
4.0339s6 
3. 839290 

3. 0132o8 
3. 5618o4 
3. 379052 

3. s88S<>-~ 
3. 488729 
3· 379.598 

3. 343¢8 
3· 228625 

3. 2ss3oo 
3- 2¢930 
2. 982436 

3. 120296 
2.925126 
3. 397749 

6g1.91 •o8 20 23.4 i 
u52. 3 208 49 52. 9 .

1 

.. 

282 59 07. 8 

---'------'----------'--~---'--~--~ 
•No check on this posltlo1i. 



580 

Spur* 
1875 

Cone 
1875 

Oak 
1875 

Pablo 
1875 

Cherry 
1875 

Silver 
1877 

Dakin 
1876 

Station 

East Peak 
1876 

East Mountain 
1876 

High Mountain 
1876 

Round Top 
1876 

WhitleyH Peak 
1876 

COAST AND GEODETIC SURVEY REPORT, I904. 

Santa Catalina island-Continued. 

I,atitude 
and 

longitude 

0 I I/ 

33 25 52.69 
1!8 31 59. 56 

I~§~~:;:!;; 

Sec· 
ondsiu 
meters 

m. 
1623.3 
1538.6 

715. I 
116g. 0 

33 27 II, 683 359· 9 
u83003.920 .. 101.2 

33 19 32. 162 990. 9 
118 22 24. 515 634.0 

33 21 31. 666 975. 6 
118 22 oo. 648 16. 8 

33 21 00.636 
us 21 o6. 874 

33 18 41.¢4 
118 20 00, 017 

33 19 37. 167 
118 21 41. 029 

33 22 31. 162 
118 25 o8. 957 

33 20 36. 416 
11!! 23 24, 443 

33 20 01. 744 
118 24 45. 470 

33 20 16. 135 
118 19 OJ, 76o 

33 22 43. 201 
II8 22 02. 878 

19.6 
177. 7 

172.6 
94· 7 

1145. I 
1o61. 2 

g6o.o 
231.5 

5·.7 
117b, I 

497. J 
45.5 

1331,0 
74.4 

Azimuth I 
--1 

0 I II 

117 54 15 
152. 35 31 

149 2I 33· 5 
190 05 2.1-9 
216 35 15. 7 
222 14 23.5 
285 2I 45· 9 

170 ll 28. 8 
237 :z6 40. 2 
267 05 22. 4 
314 19 39.3 

4I 44 09.7 
129 18 43. 2 
274 29 OJ. 2 
295 09 02. 0 

126 41 31.1 
219 33 16.1 
278 28 35· 8 

31 19 49.4 

169 05 16. 4 
181 26 41.5 
278 Yl 17.7 

350 51 03.6 
97 38 02.6 

ll9 43 59· 8 

100 59 19.5 
159 46 43.0 

9 31 o6.8 
71 51 36.6 

135 OJ 24·4 

36 22 58. 3 
124 30 54.0 
132 07 55. 3 

112 29 20. 2 
149 II 04. O 
157 sB 13.9 

63 27 27.31 
98 57 5.~.5 

134 31 37.4 ' 
138 02 58.0 I 
82 II 49· 7 

17f 49 02. 6 
1Q8 57 15.5 
283 25 26. I 

303 03 09.9 

233 23 20.5 
290 37 o.>· 9 

29 46 02.4 

82 22 or.8 
168 45 56.5 
231 50 25. 2 
321 s6 12.4 

97 It 40.9 
'2" 53 43. 3 
284 OJ 27.5 

I 17 52.4 
n 4S 47.2 

112 58 28. 5 

33S 22 40.5 
358 30 04.6 
1o6 45 32. 8 

'l'o station 

0 I II 

297 53 22 i Ridge 
332 35 13 , Granite 

329 21 17.51 Well 
JO 05 32. 4 Prospect 
36 35 4~. 2 S. C. Island N. B. 
42 14 45. 1 S. C. Island S. B. 

105. 22 49. 5 I Goat 

350 II 15. I ' Red Peak 
57 27 5;. 8 Bird Rock 
87 o6 o6. o Prospect 

134 19 58. 4 Well 

221 43 29. 2 Granite 
309 18 1~. 2 Red Peak 
94 30 o2. 5 · Bird Rock 

115 10 12. 31 White Rock 

3o6 40 19. 5 Red Peak 
32 33 36. o Dirq Rock 
9ll 29 04, 5 White Rock 

211 19 35. 1 Prospect 

34;~1;:; 
C)8 38 53. 3 

Goat 
Cliff 
Cactus Peak 

170 51 11. 2 Catalina Peak 
277 35 31. 5 CG

1
0
1
.fTnt 

299 42 09. 0 

280 56 57. 8 Cactus Peak 
339 45 49. 7 Catalina Peak 

189 30 53. 6 Silver 
251 49 01. 7 Cactus Peak 
315 oo 17.9 Catalina Peak 

216 22 15.6 
304 30 24.5 
312 o6 19.3 

292 28 00, 8 
329 09 57. 7 
337 57 37.2 

243 26 56. 4 
278 s6 05. 2 
314 30 oo. 2 

318 OJ 50. 3 

262 II 25. 8 
351 48 51.9 

tS 57 34.3 
103 26 52. 5 
123 04 05.4 

53 23 57. 6 
110 38 47.5 
209 45 I I, I 

262 20 I~."O 
348 45 3'(,, I 

51 51 11.3 
141 56 45.3 

277 10 36. 7 
10 54 07.5 

104 02 45.0 

181 17 51.3 

~~ ~ :~J 
155 23 ll.2 
17b 30 05.8 
286 44 27. 5 

Silver 
Timn1s 
Catalina Peak 

Silver 
Tin1mR 
Dakin 

East Peak 
Silver 
Timms 
Dakin 

Silver 
'fimms 
Dnk;n 
East Mountain 
E<\•t Peak 

Catalina Penk 
'rirnn1s 
Cactus Peak 

Cactus Peak 
Cat11Jina Peak 
Timms 
Silver 

Cactus Peak 
Catalina Peak 
Silver 

East Mountain 
Lone Tree 
Dakin 

Dakin 
Timms 
Catalina Peak 

\Distance 

I 
meters I 2846. 9 
1863.5 

1468.4 

~~~:a 
1505.9 
3090. 7 

3753. 3 

~~~~:~ 
1255. I 

2849.1 
1815.6 
2882. 4 
3641.1 

418o.2 

:~~:g 
1284.9 

8605.6 

l~~;:~ 

2268. 4 
71~2.9 

59ll3·o 

6791.8 
7256. 2 

~:i 
46o8.8 

1629.5 

~:~§:~ 
4765. 7 

~~:; 
271g,9 
4184,8 
3n7.5 

2170. 2 
5>01.8 
4863, 7 

5163.3 
4923.6 
2755. 3 
2514,0 

3045,9 
6oo5. 7 
3757. 8 

2173.4 
4290,4 
3513.8 

3475. 7 
2204. 6 
3203. 4 

I.oga- I rithms 

3.454372 
3 .. 2703JB 

3. 166856 
3. 357834 
3. 350412 

~:~~~ 

t~;~~~i 
3: 31!340 
3. 098674 

3.454710 
3. 259012 
3.459756 
3.561230 

3.621196 
3. 162650 
3. 134501 
3. 1o8867 

·3.93478o 
4. 02ooo8 
3. 227293 

3. 355710 
3. s.o;;.i85 
3. 771><)19 

3. 831986 
3.860711 

3.57.asB 
3.884539 
3.645540 

3.52¢00 
3. 22718<) 
3. 784470 

3.6o6go7 
3. 784485 
3.663586 

3.21>068 
3. 720912 
3.807428 
3.678129 

3.055o86 
3.551905 

~:im~~ 
3.493804 

3.336503 
3.7161~0 
3.686966 

3. 712924 
3.692279 
3. 440168 
3. 400370 

3.483719 
3· 778s6o 
3.574938 

~:g~;~ 
3· 545773 

u:;~ 
3. 505612 

I 

'-----------'------_;_ __ __: _____ ...:..... ____ __.: ______ ,, --· .. -----'-----__;, 
*No check on this position. 



APPENDIX NO. 9, TRIANGULATION IN CALIFORNIA. 581 

Santa Catalina Island-Continued. 

I,atitude Se~ I Back Distance! 
Loga-

Station nnd ondsin Azimuth Azimuth To station rithms 
longitude meters 

--1 
0 ' " 

; 
0 ' " 0 ' " .n. I meters I 

Corral 3§ 21 47.476 1462.6 75 o6 28.4 ~ 05 49.5 Timms 1894. 5 3.2774u 
1876 II 20 49.833 !288.4 118 oi 30. 7 01 45.1 Cntalinn Peak 5615.2 n~5 132 I 55.4 312 16 15. 2 Whitleys Penk 2552. 0 

North Spur 
li§ ~~ ;!:~~ 875.8 ; 341 35 47· I 161 36 18.0 East Mountain 4637.1 I 3·~ 

1876 6.8 359 55 41'. 9 179 55 46.9 East Peak 5128.4 3. 7 
63 34 17.0 ~~ ~~ ~~:i 

Dakin 1923.4 ' 3. 284070 
u7 22 18.3 Catalina Penk 7022. 7 . 3.8465o6 
126 00 57. 7 305 59 50. 3 Whitleys Peak 3918.4 3. 593114 

Fletcher 1i~ ~ ~:~~ 
284. 2 322 45 37. 0 142 46 19.9 Whitleys Peak 3328.6 3.522268 

1876 537.6 I 336 52 43. 2 156 53 27. 3 1'imms 5277. 7 3. 722445 
31 22 41.0 211 22 18. 6 Catalina Penk 2022. 7 3.305939 

Knob 3g 18 41.6~ 1282. 7 121 26 31.0 301 25 36.9 Silver 2984.8 ~- 474918 
• 1876 II 20 46. 05 1191. 4 ~ 16 23.6 320 15 53.4 Lone ·rree 2224. 6 3. 347252 

30 25.0 89 30 50.3 Enst Penk 1191.0 3.075900 

Pot* 3~ 25 ~.65 297.3 82 43 13 262 42 o6 Gont 3164. 21 3. 50026 
1876 II 26 4 · 43 1251.3 142 24 02 322 23 36 Cliff 2040.9 3.3og82 

Green• 3~ 25 02. tl 7~.8 88 ~ 51 268 07 52 Goat 5564.0 3. 74539 
1876 II 25 14. 37 .6 116 3 05. 2¢ Jb 47 Cliff 4102.6 3. 613o6 

Grope* 1~§ ~~ ~~:~ 532. 7 179 48 07 359 48 o6 Gont 4908. 7 3.~7 
1876 1272. 9 256 56 35 76 59 13 Catnlinn Penk 7632. 9 3. 26g 

Carlos• 3g 21 21.46 661. 2 176 38 17 356 38 09 Goat 6640.0 3. 82217 
1876 II 28 34.83 900.5 305 29 27 125 30 29 Cactus Peak 3573. 2 3.553o6 

While Bluff• '~ 2g 31. 16 g6o.o 176 17 36 356 17 32 Goat 2638. g 3.42133 
1876 IJ 2 43. 30 II t9. I 274 19 55 94 n 30 Catalina Peak 7302. 3.86349 

Edge• 33 19 02.92 go.o I I~ o8 44 336 o8 34 Lone Tree 1153. 7 3.o6208 
1876 Ilb 21 22.99 594.6 2' 44 02 1o6 44 48 East Peak 2241, 2 3. 35049 

Long Point• 
1ig ~~ ~J~ 164, 21 356 II 45 176 II 49 Whitleys Peak 2535.S , 3,40412 

1876 242. 7 61 00 22 

I 
240 59 21 Catalina Peak 

I 
3314.51 3. 52042 

White• M 23 26.g6 830.6 i ~I~~~ 177 24 02 Whitleys Peak 1349.5 3. ·~017 
1876 I 22 05. 25 135. i I 261 56 45 Catalina Peak 3036.0 ' 3. 4 230 

I ' 
Southeast Point• 3~ 18 12. 27 3~.o I 140 o6 50 320 o6 34 East Peak :;~~: ~ 3. 07632 

1876 II 19 30. 46 7 . I 202 52 38 22 52 53 East Mountain 3· 25123 

Northeast Point• 3, 18 41. 52 1279. 2 go 22 32 270 21 47 East Peak 2132. 7 3. 328g3 
1876 118 18 37. 57 971.9 137 43 07 317 42 53 ·East Mountain 1003.0 3.00130 

SoutheastRock,•highest 1~§ :~ ~~: ;~ 1547. 2 125 54 46 305 53 14 Silver 
5356. 0 I 3. 72884 

part 

I 
951.9 159 21 o8 339 20 55 Ensl Peak 1703.6 3. 23137 

Sugar Loaf Spur• ~ 20 54.oS 1666.1 342 42 25 162 42 47 Uasl Mountain 3500.1 ·3. 544o8' 
1876 I 19 43· 8<} 1134. 9 95 22 53 275 22 07 Dakin 

2155. 31 
3. 33350 

Black Ridge• I I~~ :3:~~ 591.6 ~ 41 22 3~ 4• o8 .Cactus Peak 18o3.8 3. 2~619 
1876 I 468.6 12 05 14 13 Silver 6055. 3 3.7 213 

i 
•No check 011 this positiou. 



COAST AND GEODETIC SUR VEY REPORT, 1904, 

San Nicolas Island. 

I 

I 
I 

I Latitude Sec- Back I,oga-
Station and ondsin Azimuth To station Distance 

I longitude meters azimuth rithms 
I 

I ---

I 
-

0 ' " m. 0 ' " 0 I If meters 
San Nicolas 33 15 IJ. 974 368.9 164 26 11. 0 344 16 32.5 Devils Peak 8<)389.6 4. 9512870 

1879 "9 31 26. 015 673.4 188 45 22.6 8 50 or. I . Anacapa 84756. 6 4. 9281736 
241 29 12. 2 61 45 o8. 5 [ Santa Barbara Id. 51099.2 4. 7o84142 

Azimuth 33 16 27. Oll 832. 2 341 29 27.5 161 29 43. 9 J Snn ~icolas 2437. 7 3.38698 
1879 "9 31 55· 910 1447.0 

:26o 30 oo. 6 i San Nicolas Slope 2 33 15 18.700 576, 1 So 30 26.81 1255. 7 3.09889 
1879 119 30 38. 170 988,.o I 136 17 28. 5 316 16 45. 9 i Azimuth 2<)11. 6 3. 46413 

i Summit 2 33 14 59.000 1817. 7 I 1~ 4~ 28. 7 I 336 45 25. 1 / San Nicolas 435.0 2. 63832 
1879 119 31 19. 383 501.81 I 4 46.0 340 46 26. o I Azimuth 2871.5 3·~ 

240 21 46.91 6o 22 09. 5 Slope 2 1227.4 3. 

i Jlcgg Rock 33 21 45. 791 1410.8 3025407.7. 122 59 29. 5 Azimuth 18057. 6 4.25666 
1879 119 41 41. 748 1079,3 307 14 55. 5 127 20 33,6 San Nicolas 20022. 6 4, 30152 

307 50 55. 2 127 56 37· I Sutnmit 2 20402. 8 4. 30969 

Ridge 33 14 29· 277 902.0 116 02 13. I 2¢ 02 33.2 Summit 2 2o85. 2 3.31915 
1858 119 30 07. 018 181. 7 152 05 40. I 332 05 23. 0 Slope 2 1722.9 3. 23627 

Port 33 lg 26. ;o6 822.8 45 34 14. 6 225 33 36. 4 Ridge ~~~~:~ 3.40262 
1858 119 2 57· 312 1483.5 84 36 40.6 264 35 45. 3 Slope 2 3.41868 

Bluff 33 14 48. 770 1502. 5 79 49 43. I 259 48 32. ~ Ridge 3397· 3 u~:1 1858 119 27 57· 854 1497. 7 127 12 55.4 307 12 22. Port 1932.5 

Cliff· 33 13 54. 365 1674.9 llO 30 56. 7 290 29 55. s m~Ne 3070. 2 3. 48716 
1858 ll9 28 15. 951 413. 0 195 37 00.0 15 37 09.9 1740.3 3.24o63. 

San Nicolas Id. N. Base 33 14 25.o6~ 772. 2 51 37 51.4 231 37 26. [ Cliff 1523.5 3. 18285 
1858 "9 27 29. 81 772.0 135 IQ 47. 3 315 IQ 31.9 Bluff rn29. 6 3. 01268 

San Nicolas Id. S. Base 33 14 oS. 717 268.6 76 02 40. 5 256 02 02. 8 Cliff 1832.8 3.>6311 
1858 119 27 07. 256 187.9 130 46 02.4 310 45 50.0 San Nicolas Id.N.ll. 771. 3 2. 88720 

Kelp 33 'g 46: 3o8 1426.7 ¢ 59 00.5 276 sS 17.6 Cliff 2043. I I 3. 31029 
1858 119 2 57. 628 1492. I :~ ~ ~~:t 325 04 53. 7 San Nicolas Id.N. B. 1456. I I 3. 16319 

340 o8 47. 4 San Nicolas Id. S.B. 734. 0 2. 865£'9 

Spur 33 14 05. 900 183. 6 23 o8 41.4 20,) o8 35. 9 Kelp 6s8.4 2.8184§ 
1879 ll9 26 47. 634 1233. 4 99 29 43. 3 279 29 32, 6 San Nicolas Id.S.11. 515. I 2. 7118 

Bonn 33 13 's1. 266 j 1579. 4 75 02 27.6 ~~~ ~; ~u 
Kelp ~t.8 2. i7214 

1879 ll9 26 35· 549 920. 4 123 13 19. 2 San Nicolas Id.S.D. l.;l 2.9918o 
145 20 47, 8 325 20 41. 2 Spur ~So· 3 ! 2. 74057 

San Nicolas Id. Astro- 33 14 00. 42 12. 9 6R 38 02 248 37 46 no1111 ;;4 2. 8886q 
nomic Station 2* 119 26 07. 71 199. 7 99 22 44 I 279 22 22 Spur 1048 3. 0201S 

1879 

Spring JI< 33 17 03. 8o J 17. 2 305 31 32 ~~ ~~ ~! 
Port 5146 3. 71150 

1879 "9 31 39· 12 1012.4 20 58 II Azimuth 1214 3. o8416 

Slope 
I~~ ~~ ~~:~i 586. ~ 264 50 27 84 51 22 Port 2629 3.419-'lo 

1858 995. 332 01 32 152 01 50 Ridge 1736 3. 23953 

sun1n1it 33 14 58.98 i 1817. 0 239 37 32 I 59 37 55 

1 

Sl.c:f.e 1223 3.osz27 
1858 ll9 31 19.221 497. 6 2¢ 04 41 u6 05 21 RI ge 2o81. 3· 31 28 

North Head• 33 16 13. 86 426. 9 3ll 16 24 .131 17 ~ I Slope 256o 4.4o819 
1858 Ir9 31 52. 79 1366. 4 339 21 20 I 159 21 3 . Surr.n1it 2465 3. 39183 

*No check 011 this position. 



APPENDIX NO. 9. TRIA~GULATION IN' CALIFORNIA. 

· Santa Barbara Island. 

I ' 
Distance! I Azimuth Back To station Loga-

s azimuth rithms Station atJd 011ds Ir 
longitude meter 

I 

11uters J 

I 
Latitude Sec-

1-.·-I 

Mer Slope 
1871 

Southwest Ridge 
187.r 

Santa Barbara Id. South 
Base 

1871 

Santa Barbara Id. North 
Base 

1871 

East Mound 
1871 

Corral 
1871 

Middle Ridge 
1871 

Cave Point* 
1871 

Fisherman 
1871 

j 0 , ,, 

l 
33 28 25. 942 

119 02 18. 303 

33 28 o6. 824 
ll9 02 19. 666 

'33 28 15. 50.5 
, II9 02 ().\. 656 

33 28 54. 707 
119 02 IO. 043 

33 28 19. 762 
119 01 55. 930 

33 28 40.374 
119 02 11.914 

33 28 37. 14 
119 01 40.63 

33 28 55. 6o8 
119 02 39· 215 

m. 
799. 2 
472.6 

210. 2 
507.8 

477. 7 
120.2 

1077.2 
95· 3 

1685.4 
259.3 

6o8.8 
1444. 2 

1243.8 
307.6 

1144. 3 
1049. 0 

1713. 2 
1012.4 

I 

! 

-

0 I II 

52 47 20.7 

I~ 28 15 
I 3 25 07 

55 23 37 
132 22 55 

2 22 46 
53 37 20 

344 54 42 
13 31 52 

~ 48 02 
I 14 34 
156 so 00 
161 18 07 

20 :u 20 
186 14 34 

70 28 12 
125 28 31 

272 o6 30 
303 39 22 
329 25 33 
343 SI 09 

0 I II 

232 47 15. 9 

335 28 II 
3 25 o8 

~~~ ~~ ~ 

182 22 45 
233 37 12 

164 54 45 
193 31 47 

~~ :J ~~ 
336 49 55 
341 17 59 

200 21 16 

6 14 35 

~~~ ~~ i~ 
92 o6 46 

123 39 37 

:i~ ~~ ~~ 

Santa Cruz Island. 

Santa Barbara Id. 283.5 1 2.45248 

Santa Barbara Id. 459.0 I 2.66:,M 
::Iler Slope 590.0 2. 77 

South West Ridge 470.9: 2. 67292 
Mer Slope 477.0 I 2. 67855 

S. Barbara Id. S. B. 6oo.o I 2. 77815 
Mer Slope 468.6 2. 67079 

! I S. Barbara Id. N. B. 630.0 ! ~:~~~ Mer Slope 911.5 I 

I s. Barbara Id. S. B. .00.71 2. 41618 
Mer Slope oos.3 I 2. 78409 
S. Barbara Id. N. B. 509.4 i 2. 707o6 
East Mound 

1136. 61 
3. 05s61 

Mer Slope 474. 2 2. 67s99 
East Mound 444. 2 2. 6476o 

:ovrer Slope 1032. t '. 3. 013j2 
F..ast Mound 

'"'I 
2.¢964 

East Mound ~5g· 7 2.87718 
Middle Ridge 4 .8 2. 92779 

l ~~t:1~~:'bara Id. 
1o61.5 3. 02594 
1130.0 . 3. 05307 

I I 

I I 
'Latitude I Sec- i 

0 

I Dack I 
Station . and 

1

.onds in: Azimuth azimuth To station Distance ·~t~~~: 
----------- longitude ~J i-·----l----------l-----.. ·-----

1 

0 / ,, m. ; o , " I o / 11 me/e1·s I 
Summit Peak (Anacapa 34 oo 40.316 · 1242.3 Ill o6 10.0 I 291 01 35.0 Santa Cruz East 13507.6 4, 1305770 

1 Island) 119 25 39.510 • 1013.8 233 22 09.8 , 53 29 29.7 Pt. Hueneme L. H., 25o66.2 4.39')0877 
1876 252 oo 32. 7 72 12 45. 1 I.nguua 35241.5 ! 4.5470~.44 

J 274 13 47.2 94 15 14. 6 Anacnpa 4021. 813. 6044190 

i Dixon 335911.745 361.9 851639.2<) 2651240.94 SandPoint 1og83.7 4.o.io7471 
1873 119 52 oS.053 206.7 104 01 30.44 J 283 SS 16,82 Corrnl 17665.6 4.2471289 

: 155 02 10. 3 1 335 oo 30. 5 Santa Cruz West 1o614.2 4. 02s8888 

John 
1857 

Ragged Mountain 
1857 

Devils Peak 
1857 

Flagstaff 
1874 

Center 
1856 

Red Peak 
1857 

Grouse 
1857 

34 02 42. 079 
119 51 20, 976 

33 59 21. 911 
119 49 12. 507 

34 01 45. 792 
119 47 01.859 

34 Ol 23. 926 
119 52 09. 337 

33 59 42. 238 
119 45 o8. 455 

34 00 54. 956 
ll9 43 02. 511 

I I 
12¢.6 103342.6 l'<JU3316.3 Dixou 6592.213.819031 
~38. 1 118 55 33. 6 2.,S 53 29. 4 Santa Cruz West 6497. 413· 812738 

675. 1 86 02 12. 4 266 oo 34. 3 Dixon 4516. s 3. 654807 
321.0; 136 02 19.7 315 59 03.7 Santa Cru7. West 12937.5 4.111852 

! 151 53 13.5. 331 s2 01,6 John 6993.0 1 3.844661 

Ragged Mountniu 55sB.o I 3. 744918 J410.9; 37o62~.2 
47.7, 104 38 36.7 

737. 2 141 17 50. 4 
239. s 207 15 12. 6 

265 05 40. I 

1301.4 84 18 33.0 
217. 0 142 36 54. 0 

I 

16Q3. 3 ' SS I~ 41. o 
64. 4 104 19 39. 6 

i2r70515,1 
JI 284 36 II, 7 

321 16 13.4 
27 15 39. 7 

I 
85 o8 32. 2 

:z64 16 16.6 
32~ 35 50. 6 

235 15 30. 6 
284 17 25. 8 

John 6869. 3 1 3. 83hc)15 

Snutn Cruz West 7111, 7 3. 851972 
John 27o8. 8 3. 432772 
Devils Peak 7917. 1 3. 898565 

Ragf\'ed l\fountain 
Devils Peak 

Center 
Devils Peak 

6294. 9 I 3. 79"l<><Jo 
4791. 6 j 3. 6.'lo48o 

33 59 14. 284 440. I IOI 35 03. 9 281 33 32. 3 
119 42 24, 561 i 630. s 162 ;14 19. 7 342 33 58. 5 

Center 
Red Peak 

3932.6. 3.594676 
6337.4, 3.8o1911 

4293. 1 I 3. 632831 
3251. I I 3. 512031 

*No check on this position, 



Cave 
1857 

Station 

Valley Peak 2 

1857 

Harbor 
1857 

Mount Pleasant 
1857 

Coche Point 
1857 

Ridge 
1857 

High Mount 

Azimuth Mnrk * 
1874 

East Point• 
1857 

Platts Horhor* 
1857 

Punta Dinhto* 
'1874 

Punta Gorda* 
1874, 

Posa* 
1874 

Alta 
1873 

White Hill 
1874 

Black Hill 
1874 

Gull* 
1874 

Bluff* 
1874 

Bench Mark* 
181a 

Kinton* 
1874 

Black Point 
1874 

Mesa 
1874 

Toro 
1874 

COAST AND GEODETIC SUR VEY REPORT, 1904, 

Santa Cruz Island-Continued. 

Latitude I Sec-
and onds in 

longitude meters 

o ' 11 I m 

I 
Back 

Azimuth . azimuth To station 

33 57 43. 99" 1355. 5 
119 45 35. 4691 910. 8 

33 59 ss. 882 : 1814. 2 
I 19 40 58. 321 I 1496. 7 

34 00 54.055 
119 40 26. 202 

1665.5 
672.3 

287.4 
1355.9 

34 02 22. 428 691. 0 

"9 rs 55. 1~ 1415. 9 

34 00 22. 362 68<). 0 
119 36 18. 797 48>. 3 

,\4 01 35. 847 1104. 5 
I 19 35 01. JOI 28, 2 

I 
I 

34 03 53. So , 1657. 7 
!19 53 :26. 64 l 683. 2 

34 01 59· II 1821. I 
ll9 33 Jl.00 282.3 

o ,, I 
118 21 11.s 1· 

190 46 27. 7 
240 24 09.3 i 
SS JO 23.9 I 

118 28 25.5' 

25 52 o8. 6' 
90 24 33. 6 

B.i1809.o 
102 23 44.6 
119 54 49.2 

48 01 57.4 
68 l8 02.8 

241 48 18. 5 

&i 12 40.9 
,ag •7 35. 6. I 
41 22 o8. 6 ' 

135 s8 01.9 
209 48 22. 8 

336 45 21.8 
!JO 42 16. 9 

75 46 16 
157 09 29 

34 02 n.31 
119 42 42.51 

687.5 307 51 28 

34 03 26. 23 
!19 45 39· 73 

34 04 Ol. OJ 
119 51 07.46 

1090, 3 10 47 44 

1~:~ ri :i ~~ 
31.7 8 o6 48 

191. 2 ¢ 42 53 

33 58 33. 62 i 1036. 0 i 
"9 51 15. 40 I 395" : 

34 02 26. 212 1 8o7.6 I 

"9 50 36. 36o I 93" 1 i 

130 59 37 
244 44 23 

282 44 oS. 2 
339 14 30. 3 

34 oo o6. 116 I '90·3 I 
I 19 51 40. 733 1045. 3 I t86 OJ 20,4 

246 4S 41.8 
28g 42 42. 2 

33 59 54. 934 1692 • 6 'i 
119 52 IO. 930 2$o, 5 

33 59 56.52 11741.4 I 
119 52 49. 04 ' 12,58. 5 

193 s8 16, I 

282 30 49. 0 
356 49 28.9 

34 ()() 55.99 
119 52 49.04 

34 01 16.93 
119 52 34· o8 

34 00 28. 23 
119 53 05. 42 

! 

157 24 51 
203 53 00 

1725. 0 151 51 35 
1258. 4 214 38 40 

521.6 146 31 32 
874. 4 215 33 07 

86g. 7 157 30 19 
139. 2 213 00 17 

0 

2g8 25 10.5 
10 46 42,8 
60 25 55. 9 

238 09 35.7 
2g8 27 16. I 

Ragged Mountain 
Center 
Grouse 

·Grouse 
Red Peak 

205 51 50. 6 Valley Peak 2 
270 23 06. 2 Red Peak 

264 16 sB· 81 Valley Peak 2 
282 21 24. 9 Red Peak 
299 53 57.0 I Harbor 

228 00 18. I 
248 35 31.2 
61 49 28. I 

l\fount Pleasant 
Harbor 
Santo Cruz F.ast 

264 11 14. 8 :Mount Pleasant 
9 17 48. 8

1

1 Coche Point 

221 21 25. 2 Ridge 
315 57 J.I .6 , Coche Point 

29 49 02. 1 i Santa Cruz East 

156 46 05. 1 : l'lagstaff 
290 41 23. 1 Santa Cntz West 

255 45 14 
337 09 07 

127 52 44 
190 47 33 

214 14 17 
261 o8 17 

188 o6 40 
276 40 41 

310 59 o; 
64 45 32 

High Mount 
Santa Cruz East 

Harbor 
Red Peak 

Devils Peak 
John 

John 
Santo Cruz West 

Dixon 
Ragged Mountain 

102 46 o8. 3 Devils Peak 
159 15 17. 2 Ragged Mountain 

6 01 31.4 I 'John . 
66 48 17. 8 ' Devils Peak 

109 44 05. 1 ! Ragged Mountain 
I 

13 58 44. o . John 
rn2 32 28. H I Ragged Mountain 
176 49 30. 6 Dixon 

337 23 36 I Santa Cruz West 
23 53 49 I John 

331 50 20 J Santa Cruz West 
34 39 29 , John 

326 30 09 l Santa Cruz West 
35 33 48 John 

337 29 13 Santa Cruz West 
33 01 15 i John 

34 02 17.91 551.9 142 26 43.7 322 05 38.41 Santa Cruz West 
119 53 o6.24 I 16o.1 254 34 30.6 74 35 29.5. John 

312 o6 o6. o 1132 o8 16. 8 j kogged Mountain 

Distance 

meters 

Lo~a
rithms 

6335. 9 3. 8o18o6 
37o8. 7 3. 56g224 
5635. 3 3. 750917 

26o5. 2 3. 415840 
3625. 0 3. 5593o6 

188g. 2 3. 276270 
4010. 7 3. 6o3222 

3236.4 3.51oo62 
6559.2 3. 816853 
2763.9 3.441526 

397~.2 
.374 .6 

3016. 7 
1996. 4 
3623. 5 

5025, 4 
2634. 9 

2913.9 
2633. 9 

~i;~:§ 

~~~:~ 
2457.1 
6o75.1 

1790.6 
3487. 6 

5611.6 
6o72. 4 

4830. 2 
7786.0 ' 
4041. 21 

5307. 0 I: 

1~J 
6927. 3 
5579°1 I 

7269. 1 \ 
3973.6 

'6g11.7 
3225.0 

7863.9 
4918. 2 

3. 787526 
3.8;3130 
3.55&140 

3.599136 
3. 573865 

3. 479533 
3. 300247 
3. 559124 

3. 701167 
3. 42076o 

3,464476 
3.42o600 

3. 646376 
3. 437726 

3,573302 
3. 947302 

~:~rs~~~ 
3. 253004 
3. 542527 

3. 7~14o6 
3. 783358 

3.683¢8 
3. &)1312 
3. 6o6512 

3. 724&i7 
3.671252 
3. 124754 

3. 950722 
3. 746563 

3,861515 
3.599185 

3. 83958!l 
3. 5o8525 

3. 895637 
3. 6g18o5 

3. 6<)o353 
3. 447296 
3.907707 

3. 514'l70 
3. 934334 
3. 518993 

In ~~ ~;: ~~~ 14~~: ~ ~~~ ~b ::&: ~ I :;~ ~~ ~;: ~ i b'i~~n I IlO 07 21. 1 290 o6 13. 3 Santo Cruz \Vest 

34 0305.140 1 1sB.4 3"9 34 51.7 129 35 rn.5) John 1115.1 3.047299 
119 51 54.482 ! 1397.3 2 46 23.61 182 46 16.0 ·1 bixon 7199.5 3.857305 

. _____ ! ___ -~1-6_4_4_0_2_._o--'--2<)6--4-2_1_6_._6__:_S_a_n_t_a_c_ru_•_· _w_e_s:...· t--'---54_0_5_. 5.....!.l-3_. 1_3_2_83_5,-: 

*No check on this position. 



APPENDIX NO. 9, TRIANGULATION IN CALIFORNIA. 585 

Santa Crwz ls/and-Continued. 

' 
Distance[ 

Latitude Sec- Back Loga-
Station and ondsin Azimuth To station 

longitude meters azimuth rithms 

0 , 
" m. 0 , 

" 0 , 
" meters 

West Point• 34 03 28.33 873.0 20J 58 22 2g 58 ~ Santa Cruz West 1Rn~ 3. 213673 
I874 Il9 5.'I 32. 52 834.0 3 25 04 I4 26 Dixon 9487. 3.9nI65 

Vall?.; Peak 1 33 59 56. 399 J737·7 59 I9 02.3 239 I8 J4. 7 Grouse 2,542-4 3. 405252 
J 56 119 40 59· 372 I523. 7 II9 44 o6.o 2~ ~ ~~:; 

Red Peak 3638. 6 3. 56og38 
262 59 47.9 Mount Pleasant 3271. 713· 5J4770 

Val1~ I 33 59 56. ~6 J~,6 270 J5 58.5 go I6 47,4 Valley Peak I ~~:~I tri;tU I 56 119 42 26. 7 .9 357 23 J4·4 ·In 23 J5·7 Grouse 

vane;,; 2 33 59 07.474 230.3 g6 J7 20.9 216 J6 39.4 Grouse I9J6.8 3. 282579 
J 56 119 4I IO, 330 265. 2 127 4148. I 3~~ 4J :;g:i Valley I 2483.0 nrsm Jgo 34 00.~ 

6J ~ 20.7 
Va11ey Peak J J533·4 

24I 37 03. Mount Plea.sant 40Io.5 3.003202 

Shaw 33 59 I9.13I 589.4 2J4 30 32. 3 34 30 49.7 Valley I l~J 3. I48J39 
J856 119 42 57.936 I487. 2, 279 53 J3°4 99 53 32. J Grouse 2.939297 

Santa Cruz Id. W. Base ·1~ ~~ ~u;: 1476.4 255 50 oo.o ,,~ ~ ~u 
Valley I Il II. 2 3.oa58•3 I 

I856 227. 7 312 20 26.0 Grouse J538.7 3.~42 l 
I 342 26 34.3 1i2 26 40.4 Shaw 930.4 2. 70 
' 

Santa Cruz Id. E. Base 33 59 44.799 J38o.3 3~ 46 28.6 J~ 46 38.~ Grouse J~8,J 3.0203~ 
I856 119 42 42. 6o5 J093.5 27 J2. 4 2 27 03. 3haw 3.3 2.~611 

g8 07 31. J 278 07 J6,4 Santa Cruz Id. W. B. 68o.9 2. 3JJOJ 

Sugar Loaf* 33 58 Jo,87 ~·9 J97 J8 II 17 18 26 Shaw 2202. 9 3.342994 
J856 Il9 43 23. 46 2. 4 217 43 50 37 44 23 Grouse 2470.6 3. 392794 

Santa Cruz W. Lilt. Sta. 34 04 24. J5 ,7~J 1874 119 55 02. J7 

Santa Rosa Island. 

i 

i Latitude Sec- Back 
i Logn-

Station I 
and ondsin Azimuth azimuth To station Distance! rithms 

longitude meters 

' 
0 , 

" m. 0 I " 0 I " meUrs 
Farro11 33 57 45.658 I4o6.6 113 43 37. Bo 293 36 31.Bo New San Miguel :~~:: 4.329~ 

I86o 120 IO 27. 711 7II,5 114 12 34. 88 294 o6 13.42 San Mifo'el 2 4.283 

- 152 45 37. 55 ~~; ~~ ~ui 
Argue! o 7~~~J 4.88g143J 

177 54 25. II GaViota 4.~7 220 45 II, o8 il 00 ~·37 Santa Barbara I,. H, ~J~.8 4. 21 
242 34 51.01 2 43 .47 Santa Cruz West 7J ,2 4.4 5 

Brockway 34 00 53.382 J644.il ~; ~~ ::g:~ 
21> 09 44.26 Farrell 6833. 2 3.8346236 

186o 120 o8 05. 948 152. 275 3J 25. 57 San Miguel 2 2J239. 5 4. 327J437 

Gulch 34 00 14.~27 ~.8 246 54 10.73 66 55 1I.61 Brockway 3~.o 3.~24389 
186o 120 09 54. 2J J4 .8 JO 25 04, 2J Jgo 24 45.83 Farrell 4 ·9 3. 3o63 

I,a Mesa (F) 33 59 41.401 12~5·5 ~ 53·35.00 22~ 52 09. 13 Farr<'ll 53J7.3 3. 7256872 
1872 J 20 07 54, o62 13 7.5 !12 ~~ ~:~ 28 19 20.00 Gulch 3264.7 3.51~g8 

352 10 04.14 Brockway 2238,6 3.34 55 

Black Mountain 33 .'18 44.154 JJ6o·g 78 Jg 56.37 ~ 30 42.8<) Farrell 9070.2 3.9~76145 
J872 J20 04 41. 444 I Jo63. J03 2 J8.42 3 J7 58.67 New San Miguel 29226. J 4<4~ 

I J09 38 59.95 289 37 J2. 30 r..a Mesa (F) 5249· J 3.~2 

I J27 12 04.44 307 JO J0,09 Brockway 6587.8 3. 187381 

Pecho 33 57 52.317 J61I.8 Jo6 56 01, 65 286 45 59.92 New San Miguel 28851.3 4.46o16s6 
1872 120 05 J3. 477 346.0 J29 J2 16.74 

3; !~ !l:~ 
La Mesa (F) 53J8.7 3.~8o44 

232 20 54.94 Santa Cruz West 19778.4 4. 1907 

Soledad 33 ~ oa.945 .121.5 I JO 52 JO, J9 i 290 :'42 44· 79 New San Miguel 27759. 5 4.4434119 
1872 I20 I , 272 469.2 J5~ 07 39. 00 3~ o6 45. 4~ La Mesa (F) 5439.0 3.7~5200 

Black Mt. 3963.8 3. 5 1167 

I !~8 ~ ~:~ ~8 ~ ~Hs Pee ho 2233.6 3.3490040 

Summit 33 ~ 09.8871 304.6 110 09 35.47 290 o8 30.13 Farrell 3~·4 3.~oso6g8 
1872 120 30. 732 789.I I91 23 50.go 11 24 11.39 I,a Mesa (F) 4 2, 2 3. 778J21 

I 273 04 I4.27 93 oS 28.25 . Soledad 34o6, 2 3. 5322685 
I -

*No check on this position. 
10277-04--40 



586 COAST AND GEODETIC SUR VEY REPORT, 1904. 

Santa Rosa Island-Continued. 

l,atitude I Sec- / nack I~ogo-
Station and oudsin Azimuth To station :Distance. 

longitude f~:~~~sl 
azimuth 

--1111elas-

rithms 

--- ------ ------

0 ' ! 111. 0 I 0 , ,. I 
Divide 33 56 03. 952 121.8 115 02 24. 95 294 53 17. 51 New S!'n Migud 27726. 3 4.4428<)15 

1872 120 o6 50. 162 1288.4 128 II 47.27 3o8 10 51. 14 Sutnnut 3285. 9 3. 5166saB 
203 53 JS. 34 23 53 56. 15 I Soledad 2021. 7 3. 3057250 

Grouse 2 33 55 29. ll6 897.0 [ 19 52 3.1- 35 299 44 27. is New San Miguel 256<F1. 4 4. 4099230 
1872 120 o8 40. 728 1046.1 146 51 44. 6o 326 50 44. 6 Farrell 5024.6 3. 7010972 

184 43 37. yo 4 43 4~- 51 . Summit 3115.4 ~::§;~~ 249 17 16. SS 6<) 18 1 . 27 Divide 3035. 9 

Alta 33 s6 35.622 1097.4 83 04 54. 43 263 02 00. 38 Divide 8o72.8 3. lk:70262 
186o 120 01 38. 124 979· l cf> s6 17.41 276 53 41. 14 Soledad 7246. 7 3. 01381 

[ 13 "9 19. 75 293 07 19. 47 Peclto 6013.4 3. 7791175 
215 04 32.46 35 o8 13. 59 Santa Cruz lA'est 17640.9 4. 2465214 

Sand Point 33 sB 42. IS' 1299.8 43 24 43. 95 223 23 23. 68 Alta 5367. 3 3. 7297540 
186o 119 59 14.4 7 371.9 211 29 46. 46 31 32 07. 32 Santa Cruz West 12354. 5 4.0918239 

Ridge 33 s8 53. 198 1638.9 273 52 o8. 93 93 54' 07.61 ~and Point 5002.9 3.6w2247 
186o 120 02 28. 940 74'-9 342 53 17. 79 162 53 46. 18 .\ltn ~;~:~ 3. 6468978 

66 04 01.91 246 02 29.97 Pee ho 3.6647995 

Corral 34 01 30. 193 930. 3 247 Ol 10. 83 67 05 47. 05 Santa Cmz West 13740. 0 4. 1379876 
1859 120 03 16. 098 413. 0 1309 50 16. o6 129 52 31. 17 Sand Point Bon. 0 3. 9072503 

345 57 0[. 56 165 57 27.92 Ridge 4¢.6. 2 3.6977723 

Black Hill 33 59 40. 516 1248. 2 2o8 38 42. 0 28 39 22. 2 Corral 3850. 7 3. 585544 
186o 120 04 28. 050 719.9 295 29 10. 5 115 30 17. [ Ridge 3387. 0 3. 52(/811 

Santa Rosa Island West 34 01 01. 271 39. 2 250 31 09. 3 70 32 04.3 Corral 2673. [ 3. 427020 
Base 120 04 54. 327 1393.9 344 50 05.8 ~~i ~ ~~J . Black Hill 2577- 9 : 3. f 1261 

186<\ 87 11 04.0 Brockway 4922. 1 I 3. 92200 

Santa Rosa Island East 34 00 :,6.146 1730.0 326 57 25. 8 146 58 19. 5 Ridge 4518.6 : 3.6~oo8 
Hase !20 04 04.928 126.4 ~; ;,l :~: ~ 194 17 02. 2 Black Hill 2404. 6 ~ 3. 3 1042 

186o 277 05 48. b S. R. Id. West Base 1277.3 3. 1c6283 

Round Top 33 59 37. 128 1144.0 92 18 17.3 272 17 05. 7 I,a Mesa (G) 3291.5 3. 517390 
18So 120 05 45. 932 n78. 8 207 03 03. 2 27 03 42. [ S. R. Id. West Base 2911. 2 3. 464c.68 

267 00 12.4 87. 00 55.9 Illack Hill 2001.5 3. 301362 

I,n Mesa (G) I~~~~:~~~ 1275. 7 1o8 20 29. 6 288 19 22. l Gulch 3264. 3 3. 513794 
1860 1387.9 172 10 47. 5 352 IO 40. 9 Brockway 2238.5 3. 349955 

l.,in1e Point• 34 or o;.23 222.8 274 :l2 03 94 22 55 S. R. Id. West Base 2405.4 3. 38n86 
186o 120 o6 27. Bo 713. 3 338 50 16 158 50 39 Round Top 2976. 7 3. 473737 

Spur _ 33 57 18. 013 555.0 165 21 43. 4 3~g ~~ !~:~ 
Gulch 5627. 5 3. 750313 

186o 120 o8 59. 403 1525. 3 200 46 49· I I.a Mesn (G) 4725. 5 3. 674452 

Grouse I• 33 55 57.81 1781. 2 '7g o8 24 355 o8 18 Farrell 3334. 8 3. 523o66 
186o 120 IO 16. 71 429. [ 21 46 18 38 47 Ol Spur 3169. 7 3.501013 

Hast Point* 33 56 35. ~ 1!05. 8 89 54 58 26<) 53 13 Alta 4818. 7 3.682928 
186o 119 s8 30.4 ;82. 7 163 48 48 343 48 24 Sand Point 4052. [ 3.607679 

Corvron 33 57 30. 236 931.6 226 51 21.4 46 52 20. 8 Ridge 3738. 5 3-~7:z6<J4 
186o 120 04 15. 207 390.4 292 37 57. 7 ll2 39 25. 4 Altn 4370. 5 3. 40527 

Harton 33 56 55· 166 i I6w. 7 155 59 54. 3 335 59 43. 8 Corvron l!82. 8 3. 072926 
186o 120 03 56.468' 1450.0 2114221.0 31 43 09.9 Ridge 4274. 9 3.630928 

279 36 33. 8 99 37 SI. I Alla 3603. 2 3. 5566<j2 

Vaca• 33 56 34. 62 1o66.7 232 03 30 52 04 18 I Corvron 1787. 4 3.44~ 
186o 120 05 40. 82 1048.3 256 42 03 76 43 01 Barton 2753. 5 3.43 

nor~~· 33 55 00.05 1.5 169 29 z6 349 29 12 Barton 3607.3 3.557178 
120 03 30.84 792.3 224 30 22 44 31 25 Alta 4129. 4 I 3. 615891 

nald Hill* 33 56 01.Bo 55.5 213 sR 43 33 59 o8 Harton I9R2. 913· 297293 
186o 120 04 39. 62 1017.6 317 o6 56 137 07 34 Borrego 2596. 3 3. 4 [ 4348 

South Point* [~ ~~ ~j~ ' 1703. 8 221 42 2[ 41 44 o8 narton 1424. 1 I 3. 87o678 
186o ! 227. I i 250 22 31 70 24 33 Borrego 5945. I I 3. 774156 

I 
Fox• 34 00 02. IO 64.7 i 26o 43 51 Bo 44 43 Gulch 

~!~U 
3. 383332 

1872 120 II 27.';9 713. 2 [ 339 51 02 159 51 36 Farrell 3.651o65 

•No check on this position. 



APPENDIX NO. 9. TRIANGULATION IN CALIFORNIA. 

Santa Rosa Island-Continued. 

--'------------,--------.--- .. ---·· ···-·-----. ·------

1 

Latitude ; Sec- \I Dack 
Station and !ouds iu Azin1uth azimuth 

____________ : longitude : meters ________ 

1

. _________ _ 

Sand* 
1871 

Blunt 
1871 

Point* 
1872 

West Point* 
1860 

Bee Rock, northwest enc\ 
1872 . 

Bee Rock, southeast end 
1872 

Station 

-- -- - ···------------' 
i 

San Miguel 2 
1871 I 

Harbor 2 
1871 

Gu11 Islnnd 
1871 

Green Mountain 
1858 

Seal Point 
1871 

Brockway 2 
1871 

Black Point 
1858 

Cape 
1858 

San Miguel 
1858 

Ill. 0 I II 0 I I ' 
J4 00 00. 31 9• 6 266 00 26 I 86 02 45 

120 14 03.97 .101.9 3o6 45 25 126 47 26 

33 58 53. 8o2 
120 12 44. 537 

34 00 "9· 93 
120 13 02. 37 

33 59 50. 65 
120 13 14. jO 

33 57 01. 544 . 
120 .12 48. 356 : 

I 
33 56 58. 879 ! 

120 12 45.014 : 

Latitude 
and 

longitude 

34 02 00. sos 
120 21 49. S79 

:\4 03 52. 918 
120 21 33. 002 

34 03 29. 532 
120 19 59. 870 

34 02 27. 350 
120 23 14, 88<} 

34 04 25. oS4 
l~O 21 57. 753 I 

34 02 50. 746 i 
120 24 59. 391 I 

34 01 48. 7o8 I 
120 23 32. 235 

34 02 08. 188 
120 19 32. 022 

I 

34 02 oo.6oo ; 
120 21 49. 8881 

I 12 23 t8. 1 
240 ll 56. l 

2,58 50 56. 4 
300 51 28. 3 
315 ll 31.2 

3o6. 0 268 13 32 
6o.8 i 348 57 17 

I 

156o. 61261 ·45 17 
377. 2 311 5.'\ 28 

47.6 . 181 37 24 
1241. 61249 21 50 

294 o6 13 

1814. I t8o I I 53 
1155. 8 i 247 45 IO 

i 293 46 14 
I 

I 
0 
8. 

292 18 13. 
6o 13 31. 
78 53 38. 

120 52 44. 8 
135 13 47. 4 

88 15 17 
168 57 27 

81 47 O<J 
I 131 57 02 

I 

I 

I 37 27 
69 23 O<J 

l 14 o8 32 

0 II 53 
67 46 27 

113 48 30 

-----·--------- ---

San Miguel Island. 

se:T· Back ondsin Azimuth 
111eters 

azimuth 

----------

"'· 0 " 15. 6 IO<J 20 18. 51 289 19 33.96 
1279. 5 163 ~ 26.41 343 22 46. 61 

196 I 48.17 16 24 24.00 
263 45 o6. 17 84 00 o6, 10 

1630.6 284 53 51.87 105 01 23. 63 
846.3 303 29 15. 16 123 35 27. 32 

7 07 29. 12 187 07 19. 66 
42 00 47. 33 221 59 53. 30 

910.0 284 47 52.9 104 54 32. 2 
1535. 4 305 46 22.4 125 51 42. 3 

~5 49 o3.9 225 48 02. 3 
7 23 23. 0 247 21 36. 9 

1o6 47 45.S 286 46 53. 6 

842. 7 224 44 12.4 44 45 O<J. 4 
381.9 249 01 33. 4 69 og 22.6 

290 45 54. 3 110 4 41.~ 
3o8 34 39. 7 128 34 42. 

l~~bJ 299 30 36. 8 1!9 31 42. 8 
327 21 46. ~ ~~ ;~ ;:~ 28 36 39, 

1563, 7 238 OJ 18. 0 58 02 59. 8 
1523. 3 250 05 IS. 3 70 07 13.9 

285 02 41.4 105 03 40.0 

1500.9 x:w 32 11.2 310 31 22. 4 
827. 0 200 29 32. 3 

2o8 24 12. 6 
20 29 42.0 
28 24 25.5 

262 o6 41.9 82 07 39· 3 

868.6 76 27 00. 5 256 25 43. 4 
821.4 88 36 48.6 268 34 47. 0 

89 45 30. 7 269 43 25. 9 
130 05 Io.6 310 04 02. 9 
159 I~ 02, I 339 17 46. 6 

18.5 82 03 51. 3 . 262 02 54.0 
1279.8 110 42 46. 7 

256 28 27. 2 
1290 41 59.1 

76 29 44. 5 

*No check ou this position. 

I 'ro station 

Gnlch 
Farre11 

Sau :liiguel 2 
Gnlch 
La Mesa (F) 
Farrell 
Grouse 2 

Gulch 
Blunt 

Gulch 
Farrell 

Jllunt 
Farrell 
Grouse 2 

B"luut 
Farrell 
Grouse 2 

To •talion 

New San Miguel 
Argue11o 
Gnviotn 
Santa Cruz West 

Brockway 
Farrell · 
San Miguel 2 
New San Miguel 

Brockway 
Farrell 
San Miguel 2 

I New San Miguel 
Harbor 2 

Harbor 2 
Gu11 Island 
San Miguel 2 
New San Miguel 

1 Gu11 Island I Harbor 2· 
Green Mountain 

Sen\ Point 
I Harbor 2 Green l\otountain 

Brockway 2 
'1 Green l\tountniu 
j New San Miguel 

San Miguel 2 
I 

1 

San Miguel 2 
New San Miguel 
Grecu :Mountain 
Hnrhor 2 

I Gull Island 

! llluck Poiut I Green Mountain 
Cape 

\ 

Distance I Loga-
rithms 

I 
' . 

meters I 
6409. 2 3. 8o68o6 

!::::: I :: ~=: 
5~.o. 3.~13 
7 . 41 3. 720 I ~- 2 .3· 611954 

• I : 3• 948713 

I 4815. 3 I 3. 682619 
2389. 7 : 3. 378351 

5182.8 3· 714566 
5762. 3 3. 76o597 

*8· I 3· ~9"9 
~-5 3. 42 

. 0 I 3. 3ll 

~- 9 ' 3. 549ll 
3 .6 i 3·~77 
6856. 3 I 3. 360<} 

Distance I Loga-
rithms 

I 
-1 meters 

2163. 7 3. ~2028 
636oo. 4 I 4. 346o1 
54171. 9 I 4. 7337740 
41454.2 ' 4 .6175689 

21428, I : 
0

4· 3309838 
2048o. 5 I 4· 3ll~99 
m".6 3.~2 53 

7. 2 3. 5 78749 

1rz48. 2 4. 279854 
I 2~6.9 4.26o~ 
~~~:: 3.594 

3· 721680 
2494. 7 3. 397013 

3712. I 3.~5 
5356. 2 3. 72 0 
23.'\2. 3 3. 367776 

'77- 7 2. 249768 

34n8 3. 54o8o9 
1176. 9 3. 070721 
4131.9 3.616148 

5490.6 3.73¢19 
5629. I 3. 750437 
2775. 7 3. 443376 

2941.4 3.468556 
1271.0 3. 104149 

~~~:~ 3-o89o~ 
3. 4233 

3637. 7 3.56o827 

~~J 3. 746593 
3.~150 

4055. 0 3. 992 
2020. 6 I 3· 305472 

2~3 ! • 0 3. 367545 
2651.013.423413 

3 37. 2 3. 56o770 
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San Miguel Island-Continued. 

Latitude 
Sec-1 Back . I Log a-Station and onds in Azimuth To station Distance' 

longitude meters azimuth rithms 

' 
0 I " "'· 0 I II 0 I ,, 

meUrs 
Harbor 34 03 35.620 1097. 6 3<>4 34 42. I 124 35 48.0 Cape 366o.o 3.563479 

1858 . 120 21 29.503 756.7 10 07 JS.8 190 07 27.4 San Miguel 2974.0 ~:~3g~& 52 07 03. 8 232 o6 04.8 Green Mountain 3425.0 ' 

Cactus 34 01 28.m 88o.o 107 03 51.2 287 02 41.0 San Miguel 3~66.1 3.52;125 
1858 120 19 44. 1140. 3 18g 50 31.6 9 50 JS.6 Cape I 4• 7 3. 27o6o3 

San Miguel Island 34 01 42.123 1298.0 218 52 o8. I JR 52 33· I Cape 1823.0 3.26cJ?97 
South Base 120 20 16. 623 426.4 2g6 50 58.8 116 51 16. 8 Caotus 925.2 2.966236 

1858 

Sau Miguel Island 34 02 01.595 49.1 237 47 30. I 57 47 58.5 Cape 1537·4 I 3. 186788 
North Base 120 20 22. 735 583.3 316 01 05.9 136 01 27. 3 Cactus 1

i~~:i 3.15o6o7 
1858 345 21 09· l 165 21 12.6 S. Miguel Id. S. Base 2. 792483 

Rlchardsons Rock, high-I 34 o6 o8. 38 258. 2 282 39 13.9 102 44 22. 7 Seal Point 1448o.4 4.16o~1 
est point of northern 120 31 oS,78 :32J. :.I. 285 44 34.6 :~~ 1§ ~:~ Harbor 2 15340. 3 4.185 34 
rock 299 13 54. 9 Green Mountain :~~~j 4.143934 

1858-71 302 42 34. 2 1224601.2 Brockway 2 !:~~:~ 304 18 49. 2 124 23 05. 0 Black Point 14179. 7 

Wilson& Rock, central 34 o6 19.052 lf!J:6 321 10 41.6 141 II 43• 4 Seal Point 45o6.6 3.653847 
point 120 23 47. 934 322 27 15.0 142 28 30.6 Harbor2 s6~.o 3.7~g6 

185B-71 353 13 43. 0 173 14 01.6 Green Mountain 71 .2 3.ll 78 
15 56 15.7 195 55 35. 7 Brockway 2 6674.6 3.824422 

Rock Awash 34 o6 34·~ 1o6g. 2 
~~ :~ :~~ :3 

Harbor 2 6~~-4 3. 83183 
i8s8-71 120 24 32. 822.2 Green Mountain 7 7 .o 3.89642 

5 38 185 38 Brockway 2 6932.8 3. 84091 

WestPoint* 34 01 53. 13 1~7.1 218 16 37 38 17 o8 Brockway 2 2261.i 3· 354381 
1871 120 25 54.01 1 S. 6 272 o8 o6 92 09 25 Black Pomt 3639. 3.561052 

Bench Mark" 34 03 22. 09 68o.7 339 ~ 48 159 35 01 Cape 1772.0 ,3.248366 
1871 120 19 s6.12 1439.3 110 5 00 290 55 o6 Harbor2 26_.;9.9 3.424 59 

Cactus 2* 34 01 19.76 6o8.9 1o8 22 3g 288 21 13 San Miguel 2 3984.7 3·~ 1871-3 120 19 22.47 576.6 17J 22 l 353 22 11 c_apc 2122. 6 3.3 

Castle Rock, point near 34 03 18.66 575.0 169 07 26 349 03 ~ Arguello 59630.6 4. 775469 
west erid* '120 ,6 17. 55 450.1 203 57 52 24 05 Gaviote 54274.9 4.734599 

187S-76 

Brockway* 34 02 14.95 46o.7 264 21 47 84 23 12 Green Mountain 3898.3 3.5go876 
1858 120 25 46. 13 u83. 3 283 14 04 103 15 19 Black Point 3528.7 3.547609 

New San Miguel Lat.Sta. 34 02 23.6o 727. I 
1873 120 23 09. 34 239.6 

' 

Point Arguello to Point Sal 

. --·· 

I 
Latitude Sec- Back Loga-Station and ondsin Azimuth To station Distance 
longitude meters azimuth rithms 

0 ' II m. 0 ' II 0 I II ntelers 
Gravel 34 33 20.259 624.2 203 38 45. 7 23 39 15. 3 Arguello 3320. 1 ~:~~~~~~ 1874 120 34 31. 26<> 797.0 ~~ ;~ ~:3 67 lg 37.7 ProRpect 

~~:~ 1 1263 54.9 Flint 3.361693 

Spur 34 ~ 17.663 544.3 253 05 54.6 73 07 27.8 Arguello 4379.9 3.64~66 
1874 120 3 23.441 597.5 301 4~ 44. 1 121 44 47. 7 Gravel 3362. 6 3. 52 73 

Point Arguello 34 3g 18.718 576.8 2~ 03 10.8 ~ 03 2S.8 Spur ~-0 ~:~ 1874 120 3 55. 246 14o8.7 ~ 17 24.6 19 15.8 Arguello .9 
14 51.8 16 13.4 Gravel 3671.2 3.5648o8 

Rustad 34 34 15.~ ~5·9 2f 25 07.8 ~7 27 21.6 Arguello 6164. 2 3.78g879 
1874 120 37 35· 3.9 2 7 51 02.6 14~ ~: ~:~ 

Spur 1827.0 3. 261741 

I 
329 51 03.4 Point Arguello 2021.3 3. 305641 

*No check on this position. 
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Point Arguello to Point Sal-Continued. 

·Latitude \ Sec- Back . I.,oga-
Station and ands in Azimuth azimuth To station Distance rithms 

longitude meters 

0 I ,,f 
"'· 0 I II 0 I " melers 

Sage 34 33 48.7<Jb J5~.6 •o~ 46 J9.o ~ 46 •8.7 Rustad cµ8.o •.967~ 
J874 120 37 5"· 031 J3 .6 24 29 43.4 30 33.7 Spur :i~:~ 3.385 

30• 37 31.0 Jn 38 03.2 Point Arguello 3.23526<> 

Pedrenales ' 34 ~ 26.779 825.2 290 23 36.6 110 23 ~.6 Rustad 1002.0 3.ooo878 
1874 120 3 ll.9J4 303.6 336 34 57. 0 J56 35 . 3 Sage J275·3 3.1056.S 

Alvord 34 35 ~.67J J068. 3 282 JO 26.8 102 12 20. 2 Arguello 5211.5 3.7J696l 
J874 120 36 5 . 9"4 1501.2 20 41 J2.8 000 40 52.4 Rustiid "6o9·i 3.4J6545 

4J 39 ::z6.6 221 38 45 .• Pedrenales •799· 3.447127 

Promontory 34 36 J6.~2 5o6.6 ~~~u :~ ~ ~;:~ 
Alvord 26<>7.4 3.416216 

1874 120 38 27. 5 710.8 Rustad 3¢4.0 3.598J32 
353 07 35.4 173 07 44.5 Pedrenales 3403.6 3. 53J937 

I.,omr,::' 34 36 47. 241 lass. 6 3o8 o6 40.4 128 o8 J5.0 Arguello 5404.5 3. 732756 
J 74 120 36 25. 970 59" 20 37 46. 7 •oo 37 •7·9 Alvaro 2389.3 3.378~ 

73 02 03.5 •53 00 54· 2 Promontory 3250.6 3.511 

Sand Hill J~ ~~ ~::rx 1145. 9 31~ 39 20.6 l~ 39 56.6 I.,ompoc 2229.4 3.348190 
J874 743.4 34 26 59.3 J 27 16.5 Alvord 3853.3 3.585836 

31 01 02.4 211 00 29• I Promontory 2903.3 3.462879 

Powell 34 37 24.268 747.8 JO 04 51.5 I~ 04 4~.o Lompoc 1156. 9 3.004042 
1878 120 36 17. 908 456.3 :02 n 29.2 2 2J 4 '7 Sand Hill J858. 7 3. 269213 

Bald 34 38 oS.986 276.9 311 58 01. l J3J 58 35. 3 Powell 2o6o.4 3.3J3950 
1878 J20 37 18.046 459.6 332 10 38.0 

:~~~u 
Lompoc >848. J 

~:~~~ 26 o8 42.8 Sand Hill 1020.0 

Blank 34 JS 49.600 15.S.4 3 o• 54.8 183 02 51. 7 Powell ~:! 3.420471 
1878 J20 36 12. 411 316 .• 53 II 04· > >33 JO ::z6.9 Bald 3. 3J9772 

Bear Valley 34 3i 25.¢8 Soo.2 323 16 03.0 J~ 16 21.7 Blank J398.2 . 3.145577 
1878 120 3 45. 247 1152.• 349 28 43.9 l 28 59.5 Powell 38J4.1 3.58J395 

19 24 03.5 199 23 44. 9 Bald •5J4.9 3. 400517 

Slope 34 40 17.127 &,27:7 . 13 s6 50.4 193 56 20.9 Powell 5488.2 3.7!t28 
1878 J20 35 25.980 1.4 , 23 40 ::z6.8 .03 40 00.4 Dlank ·~·8 3.4 57 

52 00 48.9 232 00 03.8 Bear Valley 2 1.0 3.4 04 

Hammer 34 40 49·~ J532.7 307 J7 49. 3 127 18 J8.8 Slope 1658.4 3.2~ 
J878 J20 36 27. 453.• 357 52 37. 7 177 52 42. 2 Blank ~~:: 3.5 700 

15 18 59.3 195 o8 43. 7 Bear Valley 3.427221 

Vall'?, View 34 42 02,6J4 So.6 
~~ ~ ~:: 194 33 43. 3 Sfope 3358.4 3.526J33 

l 78 120 34 52. 8o2 J343.8 223 55 4J.o Hammer 3118. l 3.493895 

Marsh 34 42 oS. J40 250.8 •76 ~ 48.0 g6 18 22. 5 Valley View 1551.4 4. J90?20 
J878 120 35 53. 392 J358.8 348 o6.8 J68 28 24.5 Slope 3490.7 3.542917 

J4 25 27.5 J94 25 J3.6 Hamn1cr 2494.4 3.3¢957 

Burned 34 43 J8.888 582.0 

"l ~ ll:l I 
J49 23 26.8 ~~;;r, View ~rn~:~ 3.436320 

J878 120 35 47. 454 1207·5 J83 57 50.4 3.~11 

I 
9 3~ 29· 2 189 32 11.9 Hammer 466o.2 3. 09 

Bluff 34 42 52.~ .1612.• 227 50 J9·4 47 50 39.6 Bu med uJ9.6 3.o86232 
JR,S 120 36 22. 585.0 303 42 46. J I :~i ~~ ~u ~~::&View •759· 2 3.440790 

331 02 51. 6 1555.9 3.19J978 
357 59 53.0 I 177 59 55.9 Hammer 3779.5 3.577435 

!,anding 34 ~ 59.8o5 1842.8 30§ 59 00.3 i 1~ 59 39, 1 Bil rued 2145.6 3.331559 
1878 120 3 55.692 1417.1 33 11 14. 2 l 11 32.9 Bluff »39.8 3.350203 

350 38 49·5 I 170 39 11.0 Hamn1er 5935.5 . 3.773457 

Chaparral 34 ~ •3·~3i 719.1 330 54 42.4 I 150 55 07. 1 Burned n7•.6 3.356519 
1878 1"0 30. 7 785.5 355 54 18.9 I ;~~ ~ ~~j Bluff "811.8 J.~8983 

41 02 34·91 Landing ¢J.5 2. 2930 

Rancheria 34 44 28. 570 ! 88o. 41 276 09 51. I g6 •o ~H Chaparral 1500. 0 3.176101 
1878 120 37 29. 502: I 750. 4 . 315 51 29·~ 135 5J 4 ' Landing 1235.1 3·~ 330 17 o6. 150 17 44. 7 Bluff 3414.7 3.5 

Tangent 34 44 58.407 I 2799. 7 I 323 45 33. 1 143 45 50.8 Chaparral lg39.8 3.~031 
1878 120 37 02.012 / 51.2 354 54 41.9 174 54 45.5 Landing 1 13.7 ~:2 ~~~ ,. 37 15 25.• 217 ~5 09.5 Rancheiia 1155.1 

I 

Brown Hill 34 45 28.-8571 889.2 317 27 46. 8 137 •8 o6. l Tangent 1273· 4 ~:~~ 1878 120 37 35. 857 91".l 355 01 35. 5 175 OJ 39. I Rancheria 1864.7 . 
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Point Arguello to Point Sal-Continued. 

Latitude I . c- l i I ! 
Station and ;'J,. I Azimuth I Back 

i 
To station Distance Loga-on s 111, azimuth rithms longitude meters I : 

- ... ·--- _. ________ 
0 , ,, m. 0 , ,, 

0 , ,, I 1neters 
Gulch I~ i~ ~:w,j 

16~2.2 351 47 41.0 171 47 46. 6 Tangent 1749.3 3.2.12859 
1878 300.9 37 37 "9· 8 217 36 56. l Brown Hill 1001.2 3.000529 

I 
Dune 34 46 02. So2 86.3 285 24 4g.6 !OS 25 o4. 2 Gulch 951.6 2.978442 

1878 120 37 47.900 J2J8. I 
343404.51 163 40 53. 4 llrown Hill lo&).9 3. 037393 

Beach 34 46 45.812 1411.61 205 46 41.0 254700.8 San Antonio 2032. 3 3.307995 
1878 120 37 31. 799 8o8.6 342 O<) 40. 9 162 O<) 52. 3 Gulch 1658.0 3. 219574 

17 10 05. 2 197 O<) 56. 0 Dune 1387. I 3· 142115 
I 

Prominent 34 46 44. 037 1356.9 10 29 20. 71 190 29 14. 4 Gulch 1549.5 3. 19018o 
1878 120 37 oo. 735 18. 7 43 20 59. 3 223 20 32.4 Dune 1747. 2 3. 242353 

93 57 49.6 27~ ~~ ~;J Beach mn 2. 898577 
182 51 35. 7 San Antonio 3. 275793 

Outer 34 47 46.881 1444.6 I 233 15 26. 6 Prominent I 3237. 8 M 16 24.s I 3. 510247 
1878 120 35 18. 672 474. 8 49 15.4 268 48 19. 3 San Antonio 2500. 9 3.398100 

195 44 17. 0 15 44 39.4 Edge 3679. 8 3. 56582~ 

Corral 34 33 26.416 814.0 79 49 21.3 259 48 51.9 Point Arguello 1341.8 3. 12768o 
1874 120 3b 03.445 87.8 162 o6 40. 2 342 o6 28. 9 Spur 1659.4 ~:6~~ 232 13 48. 0 52 15 O<). 8 Arguello 4656. 8 

274 36 27. 5 94 37 19. 7 Gravel 2357. 8 3. 372516 

Cam~ 34 47 10. 656 328. 3 37 30 18. ~ 217 30 04. 4 J>rorninent io34. o 3. 014_,04 
I 78 120 36 35· 977 914.7 153 18 24. 333 18 12.8 Snn Antonio 1191. 5 3. 070085 

240 23 49. 9 6o 24 34.0 Outer 226o. 2 3. 354142 

Hollow 34 47 14.430 444.6 206 29 20. 4 26 29 31.0 San Antonio 1059.4 3. 02,,o61 
1878 120 37 15.619 397· I 276 34 46. 2 9(j 35 o8. 8 Camp 1014.5 3. oo6271 

337 59 5c1.4 157 59. 58.9 Prominent JOJO. I 3.004377 
25 00 33. 7 205 00 24. 5 Beach 973· I 2. 9S8158 

Middle 34 4S 14. 771 455· I 22 31 53.3 202 31 34. 9 Camp 2138.9 ~:~~~~ 1878 IW 36 03. 739 95.0 56 04 39.8 236 04 09. 4 Snn Antonio 1632.6 
218 37 24. I 383812.2 Edge 3433. 7 3. 535762 
3o6 52 24. 6 126 52 50.3 Outer 1432. I 3.155980 

Pond 34 48 50. 248 1009.9 ! 158 03 oo. 7 338 01 29. 3 Point 1o862. 2 4. 035919 
1878 120 36 45. 249 1!50. 0 I 162 24 23. 8 342 23 30. 9 Reef 1 7790· I 3. 891542 

184 oy ~9- 0 4 lO 13.4 J..,ospe 8843. 6 3. 946627 
244 27 ~-5 64 28 51.3 Edge 3544. 5 3. 549551 
312 27 39· I 132 2~ 28. 5 Outer 2983. 3 3. 474695 
317 34 51.8 137 35 15. 5 Middle 1564. 2 3. 194301 
355 41 35· 5 . Ii~ 41 40.~ Camp 

~~~:i 3. 496R44 
8 14 53. 3 I 18 14 46.6 Snn Antonio 3. 319654 

Purisslma Point 34 45 22.356 688.9 204 53 05.0' 24 53 18. 0 Dune 1373.9 3. 137962 
1878 120 38 10. 634 270. 5 257 14 05. 5 77 14 25. 3 Brown Hill 900.9 2. 957556 

292 54 49. 5 1!2 55 26. 2 Tangent 1895.0 ·3. 277002 

I 327 44 04. 3 147 44 27. 8 Rancheria 1¢o.o 3. 292251 

Lompoc W a rehouse, ! 34 44 or. I08 34.1 220 22 20 40 22 33 Chaparral 899. 2 2. 953863 
north gable I 120 36 53. 773 1368.0 I 336 10 48 I,56 II 22 Marsh 38o5. 0 3. 58o355 

1878 339 42 53 159 43 II Bluff I 2259. 7 t~~~~~ 5° 34 53 230 34 52 
I 

Landing 63. 2 

Lompoc Warehouse, i 34 44 00.5~ I 17.8 '218 28 o6 38 28 18 ' Chaparral 895.9 ~: ~~;~~~ south gable i 120 36 52. 7 1342.8 336 25 44 156 26 18 · Marsh. 3779. 9 
1878 

34 43 56. 9121 1 1753. 6 

340 IO 28 100 IO 45 i Dluff 2235. 7 3.~410 

I 72 II 51 252 II 49 ; !,anding 77-7 I. 377 
; 

L<>mr,g. Wharf, derrick 

I 
248 32 47 68 32 52 i Landing ~3-8 2.387o86 

l 78 120 37 04.612 ' 1I7. 3 316 ·~ 22 136 24 37 · Valtey View 4 3.4 3.686943 

I I 331 5 38 
I 

151 59 02 I muff 2254. 5 i 3. 353052 
I --
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Station 

Green Peak 
1872 

1 Bare Hill 
1872 

San Luis Hill 
1871 

Valley View 
1871 

Indian 
187:z-3 

Price 
1872 

White Rock 
1871 

Mallagh 
1871 

San Luis Obispo East 
Base 

1871 

San Lui• Obispo .West 
Base 

1871 

Meierhoff 
1873 

Arroyo Grande 
1873 

Nipomo 
1873 

Avila 
1871 

Cienc.-ga Sand 
1874 

Burnt Sand 
1874 

Dune 
1874 

Steele 
1874 

Point Sal to Saddle Peak. 

Latitude Sec- Dack I Loga 

I 
I 

and onds in Azhnuth azimuth To stations Distance rithm~ 

_1_o_n_g_it_u_d_e_
1 
m_e_t_e_r_s ------[------- --··· ------- ____ j _____ _ 

0 ' o /1 ~ o , /1 mi!ltrs I 
35 12 23. 900 

120 49 37· 536 

m. 
736.6 
949.4 192 37 04. 2 12 37 18. 1 Schumacher 2783.8 3.444634 

240 33 50. 2 6o 35 02. 1 Saddle Peak 3621. 7 3. 558908 

134 52 34.61' 314 51 46.8 Pecho 2957.7 3.470949 

1533. 1 101 32 52. o : 281 30 54. 4 Green Peak 5265. 1 35 II 49.746 
120 46 13. 599 344. o 113 25 19. 21 293 22 33. 8 Pecho 7904. 5 

129 39 09. 3 309 37 25. 6 Schumncher 5908. 2 
144 43 30. 2 . 324 42 44. 5 1 Saddle Peak 3469. o 

35 JO 07, 388 
120 45 53. 181 

227.7; 1263341.0; 3o63131.1IGreenPeak 7o65.3 
1345. 8 157 10 26. 5 337 09 29. 1 I Saddle _Peak 6495. 2 

35 IO 46°.947 
120 42 44. 884 

170 42 01.9 350 41 50. 2 I Dare Hill 31¢._4 

1446. 8 75 39 48. 4 255 37 59. 9 San Luis Hill 4918. 3 
1135.7 1o6 oo 14.8 285 56 17.0 Green Peak 10858.8 

35 II 5.1· 803 
120 39 29. 234 

35 oq 51.636 
120 40 15.694 

35 10 28. 572 
120 41 .32. 774 

35 IO 05. 538 
120 41 37. 834 

35 IO 27. 736 
120 42 04. 204 

I~ ~6 :i,u~~ 
35 o6 40. 728 

120 37 48. 378 

35 o6 00. 281 
120 34 39. 532 

35 JO 40. 203 
120 43 17. 319 

35 04 oo. 774 
120 37 09. 227 

1658. I 

739.5 

1591.4 
397. 2 

15o8.o 
627.3 

880.6 
829.3 

170.7 
957.5 

854.8 
1o6.4 

114.31 
172.8 ' 

1255. 2 
1225. l 

8.7 
1001.2 

23.8 
233.8 

35 03 35.743 1101.6' 
120 32 27. 717 702.4 ' 

35 02 l6.s88 ! 511.2 I 
120 36 53. 423 1354 l 1· 

35 Ol 42. 48o I' 1309: 2 
120 33 09. 6o6 243. 51 

I . 

110 o8 39. 3 .,r;, o6 39. 1 Bare Hill 5624.0 
123 13 40. 4 303 10 54. 4 Saddle l'eak 8704. 9 

67 25 02. 8 
712238.3 

102 31 02. 0 

93 16 48. 2 
114 18 39.4 
197 20 13. 4 

¢ 24 41.3 
123 41 o,,. 7 ' 
170 12 30.2 I 
268 36 47.3; 

51 o8 53.61 
107 14 49.3 i 

69 46 13.3 I 
90 31 32.9 

114 44 11.6 
126 57 10.0 

190 13 27. 7 

268 o8 27. 7 
315 42 27. 0 

31 05 07.8 

86 38 19.6 
123 32 23. 5 

117 27 51.5 
128 53 04. 9 
147 38 26. 0 
202 20 02, I 

104 37 20. 4 
129 58 48. 4 
163 35 29. 8 

75 37 54. 2 
115 40 46. 7 
277 42 26. 3 
281 43 31.3 
292 59 o6. 7 
324 26 20. 4 

168 37 38. 3 
188 02 II.I 
225 49 35· 4 

¢ II 39.0 
143 09 02.4 

172 53 25. 8 
2o6 II JI. 7 
250 03 58. 9 

100 30 49. 5 
125 04 43. 5 
J(>4 00 12. 4 
196 54 54.4 

247 23 10, 2 
251 18 57. I 
282 26 23. 5 

273 13 33· g 
294 17 13. 5 

17 20 40. 2 

276 22 45. 8 
303 38 56. 5 
350 12 2~. 2 
88 38 o6. 2 

231 oS 19. 1 
287 14 07. 8 

Valley View 
San Luis Hill 
Saddle Peak 

Sau Luis Hill 
Vnllev View 
Indini1 

San Luis Hill 
Hare Hill 
VnlleyView 

, Price 

White Rock 
.Valley View 

249 45 41. 7 White Rock 
:r;o 29 05. 8 San I,uis Hill 
294 41 32. 7 Dare Hill 
3o6 56 31.4 ; Valley View 

IO 13 30. 6 Mallagh 

83 o8 45.8 
135 42 42. 2 
211 04 51.4 

~&4 ~~ ~:: ~ 
327 37 01. 2 

241 21 00.5 

284 35 31.8 
309 55 35· I 
343 34 39.6 

255 36 24. 4 
295 39 05. 2 
97 43 26. 4 

101 44 13. 4 
113 00 04.0 
144 26 46. I 

348 37 15. 8 
8 02 46. 9 

45 51 01.4 

276 o8 57. 3 
323 07 46.6 

35·2 53 16. 8 
26 12 48.6 
70 o6 ·'I.5 

28o 28 41.0 
305 02 25. 8 
21i ;§ :8:~ 

Mallagh 
S. Luis Obispo E. D. 
White Rock 

Price 
Indian 

San I,uis Hill 
White Rock 
Price 
Meierhoff 

Arroyo Grande 
Price 
Meierhoff 

San Luis Hill 

Mallagh 
Bnre Hill I 
~· I,u!s Ob!spo W.B. 
S. I.ms Obispo E. B. 
White Roe.I< 

Arroyo Grande 
Meierhoff 
Nipo1no 

Cienega Sand 
Nipomo 

Cienega Sand 
Nipomo 
Burnt Sand 

Dune 
Cienega Sand 
Nipomo 
Burnt Sand 

5361.6 
10253. I 
12~27. 3 

8554.5 
4142. 3 
3944.1 

5105.6 
6716. 0 
1814. 2 
3468.1 

1947. I 
1910.5 

1479.6 
6462.1 
7681.0 
212j. 0 
721. 3 

795. 7 
955. 643 

13¢.3 

6309.1 
6143. I 

13826.8 
9243. 6 
6<)65. 6 
6762.9 

4942.4 
I 1102. 5 
7820.4 

4071.6 
4948. I 
266<}. 6 
1BB9.6 
2734. 8 
1942.1 

5028. 0 

l~~:i 

7174. 7 
5566.9 

~~~:~ 
7162.0 

5769.9 

bm:~ 
3648. 2 

3. 721404 
3.897875 
3. 771453 
3. 540205 

3. 729294 
~· 01o855 
4- 097859 

3· 932197 
3- 617237 
3. 595946 

3. 7"'~047 
.1. 827uo 
3. 258696 
3. 54oo88 

3· 289387 
3. 281144 

3. 79'4>7 
3. ;88388 

4. 140723 
3.¢5841 
3. !42900 
3. 830134 

3. 693941 
4. 045420 
3. 893231 

3.009769 
3. 694442 
3. 426.!42 
3. 276361 
3.436916 
3. 288271 

3.7013¢ 
4. 052g07 
3- 723140 

3.8558o6 
3· 745614 

3.509944 
3· 885528 
3.855037 

3. 761167 
3.870348 
3. 9172;!3 
3. s62084 
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Station 

Guadalupe 
1874 

Oso Flaco 
1874 

Smith Sand 
1874 

Rock 
1867 

Peak 
1867 

Grttn Ridge 
1874 

Point 
1867 

Reef 1 
1878 

Edge 
1878 

San Antonio 
1878 

Valdez 
1873 

South Point 
1872 

Camp Hill 
1873 

Caballo 
1872 

West Point 
1872 

Cove 
1872 

COAST AND GEODETIC SURVEY REPORT, 1904. 

Point Sal to Saddle Peak-Continued. 

Latitude Sec-
and ondsin 

longitude meters 

---
0 I " m. 

34 59 52,074 16o4.6 
120 35 12, 749 323.3 

35 00 40.ru 
120 37 53. 

1"40·9 
1366.3 

34 55 59,482 183"8 
120 39 JI, g83 304. J 

I~~:,:;:~~ 330. 2 
241.9 

I~~ ~~:~r; 671,4 
744.3 

34 5~ 11.4~ 353.5 
1203 52.9 1344.2 

34 54 19.162 
~~:; 120 39 25. 179 

34 52 53. 213 1639. 7 
120 38 17. 969 456.3 

34 49 41.818 1~.51 
120 34 39. 394 1001,2 

34 47 45.200 1392.8 
120 36 57. 031 1449.8 

35 09 IO.g64 325,6 
120 40 20, 37 522.3 

35 o8 35.919 uo7.o 
120 38 14. 624 370.2 

35 II sS. 215 1177- 7 
120 48 17. 204 435. 2 

35 12 30.639 944. 2 
120 50 03. 521 Sg. I 

35 12 32. 626 1005. 5 
120 51 26. 767 I 677. 2 

Back Azimuth azimuth To station 

0 ' II 0 I ,, 
150 II 22. 8 330 10 25.0 Dune . 
158 56 25.0 338 55 18.2 Cienega Sand 
211 14 33.0 31 16 07.6 Bun1t Sand 
222 31 55,5 42 33 o6.1 Steele 

190 22 40, 4 10 23 o6. l Cienega Sand 
2o6 32 23. 8 26 33 15.5 Ni porno 
207 18 25. 3 27 19 oo.o Duue 
236 47 11.4 56 So 18.6 Burnt Sand 

·~ 04 50.5 75 07 33.7 Steele 
2 57 39. 7 109 59 12. l Guadalupe 

192 53 22. 4 ~~ ~ ~::~ 
Oso Flaco 

220 ~ 14.0 Guadalupe 
220 51.8 41 02 19.5 Steele 

• 
137 JO OJ, 9 317 o8 51. 8 Smith Sand 
174 JS 50, 7 354 JS 25. 3 Oso Flaco 
195 43 20, 8 15 44 27. 7 I Guadalupe 
203 35 46.0 , 23 38 03. 5 I Steele 

16o 13 03.0 340 12 35. 6 \ Smith Sand 
279 33 26. 7 99 34 12. 4 Ro~k 

12 39 48.9 192 39 39·4 Rock 
57 57 s6.i 237 57 01. I Peak 

112 45 27. 292 44 oS.o Smith Sand 
171 19 51. I 351 19 16. 2 Oso Flaco 
t¢ 22 35.8 16 23 3~· 3 Guadalupe 
205 09 55.2 25 II 4 · 3 Steele 

186 IO ~·9 6 [J 05.5 Smith Sand 
lu o8 ,I M:~:~ 

Oso I'laco 
2 43 36.7 Peak 

147 ,. ~,8 327 II 59. 3 Point 
173 sS ,6 ~3 58 22. I l'eak 
245 02 03. 8 5 03 11.3 Lospe 

1:¢ 44 41. 7 315 42 36.8 Reef 1 
1~9 40 48,6 319 38 14.8 Point 
104221.8 340 41 24. 3 Lospe 

162 47 14,4 342 45 49· 7 Point 
16~ 46 52. I ~ 46 05.~ Reef 1 
17 28 12.0 28 03. Rock 
184 56 37.4 4 56 5 .6 Lospe 
2 I o6. I 2 . J Edge 5, 4445 

51 30 22.2 231 29 32. 8 Arroyo Grande 
125 ~ og.9 305 04 55· 6 Price 
I~ 23.2 4 sS 32. 2 Meicrhoff 
31 49 35. 7 138 50 ~·~ Nipomo 

!O o6 13. 7 190 05 4 . Cienega Sand 

129 o8 ~·g 31 ~ ~~:6 Valley View 
185 38 . Price 
320 07 53· I 140 09 20. 7 Arroyo Grande 

1o8 30 59·g 288 2z 46.8 South Point 
127 17 49. 307 I 39·9 Price 
302 35 39. 2 122 36 4~· Valdez 
349 23 41.5 16g 23 5 . 6 Arroyo Grande 

124 43 ~.8 304 42 29·5 Green Peak 
199 24 ,5 19 24 34• I Saddle Peak 
263 30 24. 0 83 31 35·3 Bare Hill 
307 30 57. 4 127 32 20.4 San Luis Hill 

137 o6 10.4 317 04 55.3 Last 
142 33 32. 0 322 32 59.2 Pee ho 
2o6 45 3$· 3 26 46 04.2 Schumacher 
247 34 46.9 67 36 13.8 Saddle Peak 

161 09 ~,8 341 ~ 16.8 Last 
200 07 .9 20 14. I Pee ho 
271 39 33. 5 91 40 21.5 West Point 

Distance Loga-
rithms 

mders 
~132. 9 3. 710367 

213• I 3.914505 
8o62.~ 3.906491 
4617. 3.664433 

62¢.3 3. 799082 
11023.2 4.04~o8 
~0.7 3.52 40 

79.0 t~J:~ 7457.8 
4347. 5 3.638240, 

8876.5 3. 948243 
9391.9 3.972755 

14007.3 4- 146355 

4571. 2 3.66oo30 

:~~:6 4.o81~ 
4.0 

15193.9 4.1r. 70 

319'). 3 3.505053 
2054. 2 3.312650 

l~g8-9 3.2B3o68 

~8~:~ 3.46o~ 
3.582 

10249.3 4.010094 
9004·~ 3.954469 

13314. 4. 124336 

3109.5 3· 492691 
11970. 3 4.078105 
1420.5 3.152435 

3150.7 3. 498410 
2744. 7 3.438496 
3305. 7 3. 519258 

811x>.3 3.908502 

.1;;~:~ 4·~ 3. 

12710.0 4. 104146 
9711. 7 3.g87~ 

11884. 0 4.074 
10927.0 4:o~m 01 . l 5 5 3 7 

2782.6 3.44~8 
7218.8 3.858~ 
4540. I 3.657 
g9~·7 U5~~~ 7 .3 

47o6. 2 3.672670 
1271.9 3.104444 
6015.0 3. 779235 

~63.6 3.526810 
51.6 3·sBt44 

lm:: 3.52 ~ 
3.557 

2472. 2 3.39~078 
3379.2 3,52 JO 
3147. I ~:~mz 4595.0 

48u.4 3.684612 
2~.7 3.37~ 
2 .9 ~:t5203 4122.9 

3676.1 3.5~:JS 
193 .o 3. 2 16 
2106.5 3. 323564 
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Point Sal to Saddle Peak-Continued. 

Station 
Latitude Sec- aack I 

and onds In Azl,muth azimuth To station Distance I I<foga· 
rlthms longitude meters 

---'-----------!·----- --- ______ , ______ , _________ ,, ____ ! _____ , 

Santa Marla 
1874 

Norrlss 
1874 

Whaler Point 
1871 

San Luis Obispo I,at. 
Sta. 1852 

1871 

San I,uls Point Island, 
shanty 

1872 

Pecho Rock, highest 
point 

1872 

Bird Rack, highest point 
1871 . 

Boat Rock 
1871 

Hump, center of rock 
1S74 

Substitute 
1878 

Station 

----

Piedras Blancas I,. H. 
1883-<)0 

Stone 
1883 

Lane 
1883 

0 I II 

34 SS 03.832 
120 38 o6. 749 

m. 
u8.1 
171. 2 

34 57 28. 459 876. 9 
120 34 44. 913• n39. S 

35 09 39· 073 12<14. 2 
120 45 21. 643 557. 8 

35 10 43.557 
120 44 45. 256 

35 09 35.4o8 
120 45 14. 550 

35 10 47.586 
120 48 58. 182 

35 o8 55. 378 
120 41 Ol, 050 

35 10 14. 214 
120 43 25. 753 

34 50 07, 39 
120 22 59. 34 

34 53 41. 776 
1.20 36 31. 542 

1091.2 
368.2 

17o6.7 
26.6 

438.0 
651.6 

0 I II 

183 52 11, 1 

~i§ ~~ !;:i 
232 54 14, I 
340 34 29. 2 
348 34 03, I 

23 22 02, 7 

~~ ~ ~:~ 
102 02 01. 5 
170 56 15. 2 
197 09 05,5 

~g~ ~ t~:~ 
2Q6 38 10,6 
384 51 51, I 

236 02 51 
239 47 o6 
264 10 38 

204 27 o8 
213 36 01 
~5 16 57 
284 48 26 

:o6 ~ t~ 
l~ 42 23 
164 22 59 

194 55 l2 
225 42 30 
275 34 54 

130 43 52 

:~ ~ ~~ 
144 10 41 

338 55 17. l 
2 14 o8.5 
3 22 2,7.9 

61 01 57.2 
104 39 33, 3 
112 25 o8,3 
132 45 41. I 

0 , ,, 

3 52 18.5 
13 25 55.3 
48 13 15.9 
52 55 53,8 

16o 35 11.3 
168 04 35, 7 
203 21 25. 3 

217 34 39.0 
247 57 02. 2 
282 00 05.8 
350 55 59, 2 

17 10 00,0 

59 05 52,3 
85 56 54,8 

u6 39 27. o 
204 51 30.2 

56 03 59 
59 48 32 
84 12 II 

24 27 57 
33 36 25 
65 18 32 

104 So 13 

286 40 59 
313 o6 59 
336 42 01 
344 22 42 

14 55 17 
45 42 54 
95 35 56 

Oso Flaco 
Dune 
Steele 
GuadaluP.e 
Green Rtdge 
Rock 
Smith Sand 

~~1~~~~!e 
Santa Maria 
Guadalupe 
Steele 

Avila 
White Rock'. 

White Rock 
Whaler Point 

Avila 
Valley View 
White Rock 

Saddle Peak 
caballo 
Bare Hill 
San Luis Hill 

San Luis Hill 
Avila 
S. Luis Obispo :E. B. 
Mallagh 

Avila 
Valley View 
S. Lms Obispo :i;:. B. 

Oso Flaco 
Guadalupe 
Dune 
Steele 

ltdge 
Pond 
Snn Antonio 
Reef 1 

Point 
Peak 
Rock 

Saddle Peak to Piedras Blancas. 

I Latitude and Sec- Back ondsln Azimuth To station · longitude meters azimuth 

0 ,, m. 0 I ,, 0 I ,, 
35 ~9 57, 367 1768.0 161 31 27, 6 341 28 50, ~ Silver Peak 

121 17 01, 187 29.9 270 OJ 03, o6 90 10 54. 3 Rocky Butte 

~~~ ~~ ~:~ 123 28 51.~ San Luis 
137 s6 13, ·Saddle Peak 

35 29 14, 76o 454.9 123 19 09· l 303 07 30.4 PiedrasBI. I,.H. 
120 57 00, 244 · 6, l 153 30 12. l 333 26 24, 1 Rocky Butte 

303 12 04. 6 123 25 35. a San Lui• 
333 57 13.5 154· 02 41, Saddle Peak 

I 
35 28 36.66J 1130. 0 343 4• 28.8 163 45 37. 2 Saddle Peak 

120 52 58.6 1479· 2 :~ ~~ ~:~ 28o 5~ 33.0 Stone 
322 3 ~7·7 Rocky Butte 

-
' 

meters 
4831.6 
8oo7. 8 

lo1o8.3 
5,532.0 
5631.8 
7329.0 
4174. 2 

5327. 2 
7310.6 

~~:i 
Si.P.6 
3667.0 
4286,7 

3753. 3 
2190.1 

828.9 
·1444.7 
>744• I 

29931, 2 
2~7.9 

k~~J 

Distance 

mtlers 
21316. 7 
20350. 6 
784~,7 
663 . l 

36146,9 
22o88. 7 
42288. 7 
3268o.7 

29374.9 
6202.0 I 26320. l 

3,553405 
3.641709 
3,614642 

3. 717295 
3. 272599 
3, 661192 
3,685o66 

3,887SS8 
3, 674432 
3, 371811 
3,474522 

2.918494 
3.15r8 

.3·43 394 

4,476124 
4,413432 
4, 4119544 
4.<122144 

3.872324 
3, 950787 
4,~70 

~:i~ro 
3,5097¢ 
3. n8427 

Loga-
rithms 

4.32872U 
4·~7 
4. ~ 4.82 

4, 558o71 

tm!~ 
4.514292 

, 4. 467976 
3.7925~ 
4.4202 
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i 
I 

I 

I 
I 

Station 

Villa 
1883 

}TVing 
188.j 

Estrada 
1883 

Gordon 
1885 

Field 
1885 

Gillespie 
1885 

Fork 
1885 

San Simeon 
1871 

JJare Riage 
1885 

Pico 2 
1885 

Hearst 
1871 

Corral 
1871 

San Simeon North Dase 
1871 

l.,eitner 
1871 

San Simeon South Dase 
1871 

Moro Rock 
1881 

1883 

1

1 Cass 

I 
Hall 

1883 

COAST AND GEODETIC SURVEY REPORT, 1904. 

Saddle Peak to Piedras Blancas-Continued. 

-------··--
Latitude Sec-

and ondsin Azimuth 
longitude n1eters 

0 I II m. 0 . II 

35 28 04. 472 137.8 ~~~ ~ ~u 121 00 20. 312 512. 2 
246 44 28. 9 
264 52 21. 5 

lr, ~~ ~~:~~a <fo5. l 116 49 09.8 
sBo.3 164 41 35. 9 

320 Q2 05.8 
351 04 37. 2 

35 31 51. 152 1576.4 127 39 54· 6 
121 04 o8. 272 ! 2o8.4 183 29 14.9 

! 
233 25 26. l 
294 02 32. I 
320 32 49· 7 

35 37 27.348 642.3 105 27 34. 7 
121 05 54. 236 1365.0 217 57 50. 0 

316 47 36. 3 
345 33 03.8 

35 36 18.402 s67.1 224 18 12. 3 
Ill 07 52.416 1319.4 234 26 51. I 

297 40 46. 8 
325 33 32. 6 

35 36 58.386 17rs:i ~~21~ ~;:~ 121 09 03. 400 
259 2.1 53. 2 
304 35 23.6 

35 37 55. 410 1707. 7 287 52 o8. 5 
121 07 40. 789 !026. 4 5 35 27.3 

49 47 46. 2 

35 38 33.958 1046.5 258 34 59· 3 
121 II 51. 788 1303. 0 304 47 31.0 

35 38 55. 4o6 1707 .. 5 . ~~i g~ ~i:6 121 09 23. 472 590.4 
79 57 57.9 

35 38 15. 250 470.0 IOI 54 19.0 
121 10 03.c:x:h 75.6 218 47 07. I 

279 41 o8. 2 
327 39 16. 5 

l~n& ~~:~~ 
1402.2 310 o6 07·i 
914.1 343 13 20. 

40 43 46. 4 

35 39 40.562 1250. 1 265 39 03. § 
121 II s6. 004 14o8. 7 357 02 30. 

35 39 18. 29"' 563. 1 I 19 29 51. 9 
121 !' 32. 559 819. o I ,39 20 05. o 

239 19 46. 5 

35 39 ~.470 1154.8 264 5~ 24.6 
121 12 .3¢ ¢5.8 2893 17.7 

329 04 n.9 

2 6 o6 35 38 5~· 038116<)6. 135 5 . 4 
121 II 48.072, 1209.4 j 171 54 24.4 

208 34 07. 5 

35 22 ll.000 I 339,0 337 :z6 04.7 
120 52 00.838 21.2 130 52 58.9 

149 58 55.4 
152 o6 11.3 
173 00 24.6 

35 26 56. 4s6 
l 20 53 29. 205 

3.5 25 43. JOO I 
120 52 19. 534 

1739. 91345 46 14. 4 
736. 6 IOI 27 51. 8 

128 42 47.8 
193 59 52. 3 

I 
llack 

azimuth 

0 I II 

310 59 52. 2 
347 3g 58. 8 
66 4 25.0 
84 s6 37.8 

2<f> 40 03. 4 
344 40 20. 7 
140 04 38. ~ 
171 05 13. 

307 32 24.6 
3 29 36.0 

53 27 02. 2 
"4 o6 40. i 
140 35 02. l 

285 21 o6. 0 
37 59 12. 8 

136 50 14. I 
165 34 05. 5 

44 20 44.0 
54 27 59.9 

117 44 33. 4 
145 35 43· I 

2~ 36 39.1 
5 43 55. 2 
79 23 43.4 

124 36 05. 0 

107 53 10. 6 
185 3i 20. 5 
229 4 58. I 

78 39 50.6 
124 49 09· I 

125 36 04. 0 
172 01 48. 3 
259 56 31.5 

281 53 15.6 
38 47 30. I 
<J9 42 31. I 

1473951.2 

130 o6 49· 9 
163 13 40. 0 

"220 43 02. 4 

85 39 50. 3 
177 02 33. 3 

199 29 40. 7 
319 19 51.3 

59 20 19. 2 

84 5~ 49.3 
109 3 56. I 
149 04 55. I 

.o 315 55 37 
351 54 19.8 
28 34 16.5 

157 28 39· 4 
310 48 09.4 
329 56 01 .8 
331 59 29. 5 
352 59 51. I 

165 47 05.6 
281 23 53. 3 
3o8 40 45. 3 

14 00 I0,0 

To station 

Piedras Bl. L. H. 
Rocky Butte 
Stone 
Lane 

Piedras BL I .. H. 
Rocky Butte 
Stone 
\'ilia 

Piedrns lll. L. H. 
, Rockv Butte 

lrviug 
Stone 
Villa 

Piedras Bl. L. H. 
Rocky llutte 
Irving 
Estrada 

Rocky Butte 
Gordon 
Jn;ng 
Estrada 

l'iedras lll. L. H. 
Rocky Butte 
Gordon 
Field 

Gordon 
l'ield 
Gillespie 

Rocky Butte 
Gillespie 

Fork 
Gillespie 
San Simeon 

Sau Si111eo11 
Jlare Ridge 
Fork 
Gillespie 

Bare Ridge 
Pico 2 
San Situeon 

Hearst 
San Simeon 

San Shneon 
Corral 
Hearst 

Corral 
San Simeon N. Base 
San Shneon 

i ner Let 
I Corral 
\ San Si in eon N. Dase 

; Saddle Peak 
\ Villa 
1 Stone 
J Rocky llutte 

I
' :;::: Rock 

Villa 
Stone 
Lane 

Moro Rock 
Villa 
Cass 

L _______ _:____ 1 

1328. 3 i 355 52 12. 2 
492. 7 ·1 109 48 13. 2 

' 142 o8 49.8 
1169 32 59· I 

175 52 23. I 
289 4:1 34. 4 
:122 "'~ 09. 5 
349 32 36.4 l,aue 

I Distance I Loga-
rithms 

I . 
·----: 
I meters 

! 4. 524214 33436.0 
22454.6 

i ~:~~~;~ 54~.2 
1117 . 8 4.048394 

26439. 7 4.~6 
12293. I 4. 2 
10313.0 4. 013383 
10196. I 4. oo8435 

24557. 7 4. 390!88 
14971. I 4. 175255 
51ht.9 3. 714492 

11814. 3 4. 0724o8 
9045• I 3. 95641J 

17404. 3 . 4. 24o657 
5812.9 i 3. 764390 
9976.4 3. 998974 

10099. 2 4. 029352 

9375. 3 
3655. 3 

3. 971983 
3. 562921 

11073. 8 4. 044295 
<)984.8 3. 99'J340 

13225.9 4- 121424 
~7J. I 3.~32 

43.3 3. 5145 
2170.3 5. 336524 

2817. 2 3. 449815 
3004.0 3.477697 
2722. 2 3. 434915 

12822. 4 4.107971 
5160.3 3. 712675 

3177.0 3. 502012 
3641. 7 3. 561301 
378<).4 3. 578570 

2~7.0 3. 446685 
I 7· 7 3. 20078o 
3 30. 2 3.559931 
2803. 8 3. 447749 

23¢. 4 3. 379563 
2905. l 3.4631~ 
2909. 3 3. 46:i7 

2009.6 3-303118 
2055. 4 3. 312902 

1449.4 3. 161183 
904·9 

I 
2. 956621 

1644.2 3. 215944 

1070.6 3. 02¢09 
17t4 ~: ~~~~~~ 22 I. 7 I 

1820. I ! 3.26o095 
1417. I I ~:;~:u; 815.gS 

:lr,66U 4. 247073 

15~.2 t;;8~~ 
37157. 5 t~~~i~ 11974. 7 

907~-4 3.957864 
1057 •i 4.02~35 
6817. 3.83, 33 
3182.8 3. 502813 

6553.5 3. 81647~ 
12883. 9 4.11004 
2%3.4 3. 456878 
5439· 3 3. 735540 



APPENDIX NO. 9, TRIANGULATION IN CALIFORNIA. 595 
Saddle Peak to Piedras Blancas-Continued. 

I Latitude Sec- Back I 
Station and ondsin Azitnuth azimuth To station 

I longitude meters 

----

I 

I Distance 
Logn-
rithms 

0 ' " 1/l. 0 ' " 0 ' " meters 
San Simeon Lat. Sta. 1874 35 38 33.9s8 1046.s 

121 II 52.030 1309. I 

Mack 35 26 30. 231 931. 7 SI 02 36.0 ~~! ~~ i:: ~ Hall 
1883 120 SI o8. 327 210.0 102 4g 36.4 Cass 

q4 2 46.9 324 27 42. 9 Lane 
~~ot~ 3.36359j 

3.561551 
4787. 9 3.68o147 

Rock I~~ ~ltm 
1214. 1 6 55 44.g 186 SS 31.8 Moro Rock 

1883 979.s 152 23 II. 332 22 48. 0 Hall 
192 41 21. 2 12 41 38.9 Mack 

46o6.8 3.663403 
n15. 7 3· 345515 
JSOI.3 3.s44231 

Toro 3S 2S r1.938 367.9 rs 3S 35. 6 198 34 s2.6 Moro Rock 
1883 120 50 46. 532 I 1174. 0 I~~~~ ~u 232 4S 12. b Rock 

35 21 31.9281 ~.o 
292 IS 12. 9 Hall 

167 09 55.6 347 09 43· 0 Mack 

Black Hill 110 16 50, 8 290 IS 36. l Moro Rock 
188r 120 49 51. 693 · 130S. I 154 SS 43. o 334 54 41.0 Rock 

168 28 02. 9 348 27 31. I Toro 

5883. 0 3. 769S97 
1657.2 3· 219372 
2535. I 3. 403997 
2474. 7 3.393524 

347~.6 3.54rn28 
637 . 7 3. 8o4735 
6920.1 3. 840I10 

Chaparral 35 17 48. 211 r48s.8 172 52 17. 0 352 SI S3· 8 Moro Rock 
188r 120 51 20.716 523.4 19~ 0,'I 18. 8 18 04 10.3 lllnck Hill 

8161. 7 3.~78o 
7251. 8 . 3. 446 

Sand Dune . 35 r1 28. 619 882.0 2ro 27 37. 7 30 29 18.7 Black Hill 
188r 120 52 46. 382 1172. 0 254 24 27. 7 74 25 17.> Chaparral . 8700. I 3. 939523 

2247. 2 3. 351647 

Haznrd 35 r1 OJ. •38 38. 2 115 r6 rs. 7 295 r5 34.8 Sand Dune 
1881 120 51 3S· 62') 900.3 194 3S 25. 7 14 35 34. 3 Chaparral 

1977.0 3.2¢016 
149s.8 3. 174886 

Valencia 35 rs 48. 536 i195.8 166 28 21. 3 346 28 04· I Sand nuue 
1881 r2o 52 17. 017 430. 2 205 01 24.1 25 01 47.8 Hazard 

3172. 3 3. 501379 
• 2472. 6 3· 393158 

Oats 35 IS 2s. 446 784. 2 Ill 37 18.3 291 36 37. 3 Vnlenciu 
r88r 120 51 os. 97S 151.0 16s 45 23. 3 345 4S ao.o Hazard 

r93t.6 3.28s924 
3045· 7 3.4836€9 

Last 3S 14 25.612 789.3 178 "9 01. 0 358 o8 59· r Vnlencia 
r88r 120 S2 r3. 752 347. 7 222 S3 41.9 42 54 21.0 Oats 

285 29 17. 0 105 31 59. l Snddle Peak 

2s56. 8 3.407702 
2517. 2 3. 4009ll 
7372. 4 3. 867bll 

Pee ho 35 13 31. 6!0 974. 2 131 54 44. 0 3Il 54 OJ. 7 l~ast 

r872 120 51 00. 416 . 10,5 177 42 23. 2 357 42 20. I Oats 
273 19 S9· 7 93 21 59.4 Saddle Peak 

2491.6 3. 396486 
3s10.9 3. 545424 
5259. 0 3. 720903 

Beach 35 18 22. s2s 703.5 182 58 03. 9 2s8t2.2 Moro Rock 
188r I 20 52 r5. 279 386.0 2115251.7 31 54 .14· 7 Blnck Hill 

I 
307 43 so. 9 127 44 22. 3 Cltapnrral 
338 16 22. I IS~ 16 44. 9 llaznrd 

25 11 45· 7 20s 11 27.6 Sand Dune 

~~:~ 3.8476t 
3. S36s 3 

1743. I 3. 241326 
27o6.6 

~:~~~~ 1846. 2 

Schumacl}er 35 13 S2.0~ 16o4, I 76 53 42. 3 2~6 52 40. 6 Pee Ito 
1881 120 49 r3. 4 341. r 102 47 sR.4 224614.4 Last 

r35 21 o8. 0 JIS :20 OJ. 2 Oats 
290 12 07. 3 llO 13 OS·4 Saddle Peak 

2776. 3 ~·iun 4673.9 J• 7 
4046.3 3.6o7054 
2712. 9 3.433429 

Castro 35 39 09. s28 293.6 251 19 '3· 8 7r 20 12.8 Leitner 
1871 . 121 14 19. 7o6 495.8 286 24 10, s 100 25 36. 7 San Sin1eon 

Oak Knoll I 3;; 39 53.416 1646. 2 l4S 44 26. 6 32s 43 04.2 Cinnabar 
1872 I2r r4 20. S26 516.3 28o 49 20. I 100 50 19.6 I,eltner 

3590731.4 179 07 31. 8 Castro 

2689.9 ~:~~~~ 3879. 3 

6go6. 7 3. 7<J9&>4 
2 •S·4 3· 4r7538 
1352. 8 3. 131218 

1 Piedra Blanca 35 39 58. 186 1793. 2 16o 50 44. 9 340 50 "9· 7 La Cruz 

/ 
1872 12r 17 00. 078 2.0 I6S IO 15.~ 34S 09 35. 8 Yellow Hill 

185 ll 35. 5 ll 46.& Cinnabar 
\ 272 os o6. 6 92 o6 39· Oak Knoll 

290 22 46. 6 110 24 20. l Castro 

i62~. 3 3.66s140 
3.82981~ 5~5:~ 3. 7o634 

4015. 7 3.6o3l56 
4303.6 3.633 ~6 

Scott 35 34 36. 736 JJJ2. ;z 120 56 52.4 JOO 54 51.5 Field 
1885 121 04 24. 7r4 622. 2 1~6 48 31. 8 33b 47 39· 7 Gordon 

1 7 39 51. 7 7 40 22.4 Rocky Butte 
293 46 o6. l 113 47 51.9 Irving 
355 21 33. 2 175 21 42.9 Estrada 

6o9S·7 3. 78!'025 
s720. 6 3·~ 9929.1 3. 
4999.6 3.(,,SO~ 
51!9. 9 3. 7092 

Rosa 35 gg s1.910 I 1599.8 149 07 11.2 329 o6 o8. 8 Field 
188S 121 05. 141 r29. s ~~~ ~~ ~u 

6r 2r 37.8 Scott 
95 07 40.9 ~~::.'fta 

14. 252 I 
321 38 49. 8 141 39 58. I 

Cambria Rock 35 34 439., 167 25 09. 7 347 24 50. 0 Field 
1885 12r 07 18.491 I 465.6 290 2b 18. 5 IIO 27 Ol. 2 Rosu 

312 36 49. 9 r32 38 40. 8 I-:strndn 

526o.9 3. 721o62 
2881.6 3.~5;.633 
7132.8 

3. ~-4745• I 3. 67 244 

3920.4 
~:~~=~ 1971.3 

6363.6 3. 8o37o6 
-·-- --·- ·-
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Saddle Peak to .Piedras Blancas-Continued. 

I I 
' 

I.atitude Sec· Back· I Distance l,oga-
Station and onds in Azimuth To station 

longitude meters azimµth rithn1s 

-
0 ' II ,,,, " I II 0 I II meters 

Pico Rock 1~ ~ r.:;;~ 1544.6 148 46 49. 8 ;¢l 46 20.4 Giilespie ~~:~ 3.390985 
1885 320.4 210 23 43· I I~~ ;i ~:~ Field 3.00456o 

318 35 04.0 Rosa 4857. I 3.68638o 

Blank 3s 39 22.654 698.2 141 51 24. 9 321 51 16. 6 Leitner ~.6 2.763893 
1871 121 12 24· 140 007,2 

:~~ ~ ~:~ 
52 03 II, 3 Corral 7.5 2.953029 
95 55 18.4 San Simeon N. Base 1304.4 ~:~~3;g 313 09 59.5 133 IO 20.5 San Simeon S. Base 1244,0 

331 31 35.1 · 151 31 53.9 San Simeon 1707. 2 3.232295 

castro's house, north 35 39 17. 728 546.4 ~nn~ f 54 56 Leitner 145.4 3.058939 
chlmn.,y 121 13 16. 974 427. I 3 29 19 Blank 1337.7 3.126~ 

1871 302 10 56 122 II 46 San Simeon 2532.2 3.40 

Pico 35 38 o6.725 207. 2 105 42 29. 2 285 41 20. 0 San Simeon 3102.0 3.i91641 
1871 121 09 53. 095 1336,0 133 05 44.6·· 313 04 3>.9 Corral 4233.7 3. 26721 

I6o 20 23.8 340 19 :;8. 6 Hearst 3232. 7 3.509564 

Fairview 35 40 47. 056 1450. 2 313 o8 24.1 133 09 05.0 Oak Knoll zj:.l:i 3.383346 
1872 121 15 30.658 771.0 ':{> II 44·3 236 10 52.1 Piedra Blanca 3.i32425 

127 15 13.9 307 13 46. 5 La Cruz f30,8 3.~34 
141 39 15. 7 321 37 43. 4 Yellow Hill 410.2 3. 75 
153 19 55• 6 333 19 14. I Cinnsbar 398>.5 3.6oo153 

Buryar 35 39 51. ,s86 1589.8 cfi ~ .s.2 276 JS 47. 7 Piedra Blanca 17~6, I 3. 244550 
1872 121 15 50. 727 1275. 9 ~ 49.6 16 27 01. 3 Fairview 17 2. 5 3.251032 

34 05.6 88 34 58. 2 Oak Knoll 2269. 4 3.355914 
299 30 29.6 119 31 22.5 Castro 2631.0 3.420117 

Chaparral Hill 35· 40 43,845 l~:: 312 5~ 16.6 :~; ~i g~:~-
Oak Knoll 2283.4 3·~ 

1872 121 15 27. 044 3294 008 Castro 3364. 2 3. 2 
20 17 48, I 200 I~ 34,3 ~red':: Blanca 

1717. 2 3.~23 
:;85901.7 238 5 ~.2 2730. 3 3·i3 2o8 

152 49 12,0 332 48 .3 Cinnabar 4111.9 3. 14038 

Point 35 26 54- 176 1669.6 113 11 59.4 2~ 10 03.0 Villa 5503.0 3.740598 
1883 120 56 59. 704 1505.7 26!) 13 ~· 2 

107 ~n~J cass 53~.1 3.~020 
287 II .4 Hall 73 .3 3. 130 

R"d Rock 35 26 52. 513 1618.4 ~ 3143.1 ~ 29 19.1 Villa 6640. 7 3. 822212 
1883 120 s6 12.o82 304,7 11 M·4 19 07.s cass t!~:i 3.6~783 

290 01 .o 110 03 22. Hall 3.7 410 

Black Rock 35 26 40.3o6 1245. 2 109 11 56. 8 289 09 ~·4 Villa 7~.7 3·8cfi94J 
1883 120 55 24. 73 627.3 26o 22 01. l So 23 .2 Cass 29 .7 3.ml 

290 40 51.5 IIO 42 38.9 Hall 4997. 3 3. 735 

Cayucos 35 27 03.~ 104. 4 220 57 sS.1 40 s8 55.5 Lane 38o?.5 3. sSo637 
1883 120 54 37. 950.4 277 02 44.4 97 03 24• I Cnss 1740.1 3. 240571 

305 21 04.3 125 23 24.4 Hall 4273. 6 3.630790 

Cayucos Presbyterian 35 27 07. 112 219. 2 :~ ~g ~:: I~:~ ~~:i Lane m~:~ 3.524405 
Church 120 54 13. 630 343.8 Cass 3.o67234 
1883 311 sB o8.1 131 59 14. 3 Hall 3871.0 3.:;87822 

Willow 35 25 40. 09<' 1235.5. 16o 03 10.6 ~ 02 50.0 Cass ·2503,8 3.398591 
1883 120 52 55. 336 1395.9 264 O? 55.0 o8 25. 7 Hall 907.9 2. 9,s8oa1 

314 05 30.6 134 o6 14.9 Rock 2687.9 3.429419 

Whale Rock 35 26 07. 015 216.2 109 18 46.5 28<) 14 41l.5 Villa 1o627.3 4.026446 
1883 120 53 29. 964 755.7 18o 43 01.4 0 43 01.9 Cass 1523. 3.182936 

292 31 33.9 112 32 14. 7 Hall 1§;3·3 3. 26405g 

~~ ~ ~~:~ 233 55 54.5 Rock 3 2. 7 3.59024 
147 00 i7. 3 Black Hill 10109.9 4,004746 

Ring 35 24 31.812 9Bo·4 171 35 32.6 ~~ ~~~~I 
Hall 2220.8 3.~17 

1883 120 5• o6. 661 168.1 251 35 48.5 Rock 740.3 ~. or 
328 25 07· 2 148 26 ~·3 Black Hill 65o6. 7 3.81ms 
358 03 34·7 178 03 , I Moro Rock 4342. 0 3.63 2 

Merri!l 35 23 55.989 1725.5 195 II 20.3 15 11 28.6 Rock 1386. I 3. 141799 
1883 120 51 53. 216 1342. 7 325 20 sa. 7 ~tg ~ ~:~ 

Black Hill 5396.2 3.732090 
3 24 12.2 Moro Rock 3241.2 3. 510711 

Fisherman 35 16 24. 278 748. 2 214 27 2~.o 34 27 s6.1 Sand Dune 
~:i 3. 381091 

1881 

I 
120 53 40. 230 JOI~.7 250 o6 I ,3 ·70~28.g Hazard 3.524868 

297 38 01.5 117 49. Val.,ncia 2374, 2 3· 375524 
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Saddle Peak to Piedras Blancas-Continued. 

-

I Distance 
Latitude Sec- Back Loga-

Station and onds in Azimuth azimuth To station ritbms 
longitude meters 

--·· 

0 I " m. 0 I ,, 0 I " mekn 
Buckhorn 35 14 46.370 1429.0 155 21 :26, I 335 20 54.2 Fisherman 33'i·7 3. 521099 

1R81 120 52 45. 464 1149. 3 200 34 20. 7 203437.1 Valencia ~:g 3.3109~ 

~;!~U 63 25 24.8 Oats 3.4453 
12 35 13.3 Last 1025.7 3.011025 

Duchon 35 15 19. 556 • 6o2. 7 191 30 40.2 II 30 49.1 Fisherman 2935·5 3.3o8668 
1881 120 53 56.304 1423.4 250 24 16. 4 70 25 ~·z Valencia 2663.9 3.425524 

299 43 25. 7 II9 44 . Buckhorn 2062.3 3.314357 

Hollister Peak 35 20 ~.496 1217. 2 2 33 55,5 182 31 41.2 Saddle Peak 13fil. 2 4.130~ 
1883 120 47 .915 225, I llO 57 37· 3 290 54 46.3 '\!oro Rock 7 1.5 3. 89~1 

136 So 02. 0 316 44 19. 2 Stone 217 .4 4.33 225 
149 03 37, I 329 00 14.4 Lane 17150.0 4. 234265 

Pico's house, west gable 35 37 57.547 1773.5 100 4g II 286 ~ 45 San Simeon 3895.8 3.5905~ 
1871 121 09 23. 512 591.6 IIO 4 37 290 4 21 Pico 7¢. 3 2.901 

151 09 59 331 09 17 Hearst 3798.1 3.579565 

Pine Mountain 35 41 24.512 755. 4 298 48 42. 2 II9 17 26.6 San Jose 8s6o5.o jJt,7~ lo/4 i 121 05 37. 585 945· I 310 48 52.5 130 50 05.~ Rocky Butte ~·4 
333 09 50.3 153 26 45· Lospe .9 4.9950246 

Piedra• Jliancas E. Rock I 35 39 ~.626 x68u 166 II 23 346 IO s6 La Cruz 46u.3 3.663917 
1872 lll 17 I ,650 41 . l~ 37 o6 J 37 26 Cinnabar 5248.4 3.720024 

2 46 03 47 <>5 Fairview . 3117. 2 3.493759 

i Rocky Peak 35 42 19. 450 ~·4 63 13 36 ~t ~ ~~ 
Castro 12976. 9 4. 113170 

i 1871 I 21 o6 39· 121 3.5 ~; ~: ~~ 
Jluryar 145~.7 4. 164345 

257 26 30 Chaparral Hill 135 .7 4. 133434 

i Creek• 35 33 52.09 16o5.3 154 37 26 334 36 37 Field 4~1.3 3.69821 

I 1885 121 o6 27.44 691.0 270 35 28 90 35 41 Rosa 1.7 2. 74951 

Leffilif."el! • l~~ ~~~:~a 158.4 rsS 39 57 338 ~ 37 Field ~·~ 3.38461 
I 5 437.1 321 07 33 141 15 Rosa :9 3. 46223 

Woody Top Hill 35 43 09.984 307. 7 44 40 20 224 38 39 Fairview m2·7 3. 791882 
1872 121 12 37. 524 943.3 48 10 44 228 o8 II Piedra Blanca l.l ,,.947487 i9 16 13 ~~~~ 

La Cruz 8262.4 3.917104 
2 10 15 Cinnabar 6197.2 3. 792197 

I 

Camp• 35 30 37. 99 II7o.8 114 49 19 294 47 27 Estrada 53~·3 3.73032 
1884 121 00 54.66 1377.4 172 22 46 352 22 30 Irving 53 .3 3. 73153 

Gence 35 30 28. 77 886.6 138 o~ 24 318 02 31 Estrada 3413. 9 3.53325 
1884 121 02 37. 70 950.0 198 2 51 18 29 34 Irving 5932. 0 3.77320 

Murphy* 35 30 46.~ l~ttg ~ o8 19 324 07 47 Estrada 2381. 7 3.37689 
1884 l:Jl 03 12. 52 20 28 ~' 24 Irving 5729. 7 3.75813 

Perry* 35 31 22. 12 68t.b 150 00 36 330 00 24 Estrada 1032.9 3.01405 
1884• 121 03 47. 78 1>03. 222 28 15 42, 29 39 Irving 5398.7 3. 73229 

White.Rock• 35 31 5i·~ 1842.0 278 49 sS 98 50 37 Estrada 1729.0 3. 2378o 
1884 121 05 I , 405.1 314 II 09 134 14 01 Villa 10399.7 4.01702 

Allen• 35 32 02. 70 83.2 238 15 31 s8 17 I~ Irving 5193.1 3. 71543 
1884 121 04 18. 40 463.5 324 22 32 144 22 3 Estrada 437.9 2.64137 

While* 35 20 50. 36 1~2.0 139 00 46 318 59 56 Moro Rock 3292.5 3.51~ 
1883 120 50 35. 29 I. I 220 40 20 40 40 45 Black Hill 1689.0 3.22 3 

Larsen• 35 19 55. 8~ 1720.6 151 14 33 331 13 43 Moro Rock 4752.0 3.67688 
1883 120 so 30. 2 764.9 198 12 25 18 12· 47 Black Hill 3117. 7 3.49383 

Baker• 35 20 41. 26 1271.6 i67 47 53 ~~~~ii 
Moro Rock 2829.4 3.~o 1883 120 51 37. IS 938.1 239 36 15 Black Hill 3o86.7 3. 9 

Pine 2• 35 34 05.67 174.7 28:z 00 o:z 102-01 57 ~t1;:.~a 5o85.5 3.7o63~ 
1885 121 04 40.55 1021.0 348 54 10 168 54 29 4224.5 3.6257 

; 

I 
Lone Tree 35 41 It. 72 361,.2 354 29 26 174 29 32 Hearst 2~.4 3·4~ 1872 121 10 46. 52' 1169. 9 31 53 13 211 52 33 Corral 33 .3 3,51 I 

I 
Oak Top Hill 35 41 07.94 2~.7 29 51 02 209 49 59 San Simeon 54~·9 3·~ t872 121 10 03.55 .3 54 24 41 234 23 II Leitner 47 .5 3. 29 

I 
Sha~j./olnt San Simeon i 35 39 22. 32 687.9 83 07 14 263 02 29 123~.I ' 4.09248 

I 2 121 03 43· sS 1o¢.3 92 01 59 271 56 47 Leitner 134 .9 : .4· 12901 

•No check on this position. 
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Pine Top Hill to east
ward 
1872 

Bare Top Hill 
1872 

Castle Top Hill 
1872 

I.,one Pinc 
1872 

San ~irneon Lat. Sta. 
1852 

Tepusquet Latitude Sta. 
1882 

I,ospe I,atitude Station 
1883 

COAST A~D GEODETIC SURVEY REPORT, 1904. 

Saddle Peak to Piedras Blancas-Continued. 

Latitude 
and 

longitude 

1 ·~;;-------

!onds in Azitnuth 
11neters 
I 

~~c~- - - -----~o s:-at-io-,:---1-D_i_s-ta_n_c~r-nJ,.tohgm:.s-
azimuth 

·-------/·· 1------1 ·····-·--·--- ----------)-meters 
0 ' 

35 41 25.66 
121 05 39. 17 

35 40 38. 26 
121 09 26. II 

35 39 56, 22 
121 03 30. 65 

35 43 16. 52 
121 14 54. 02 

35 38 36. 3 
Ill II 26,4 

34 54 ;i8. 02 
120 II 10.03 

34 5.1 38. 47 
120 36 20, 01 

Ill. 
790.8 
934.9 

·;~;I 
1732.6 
770.8 

509. I I 1357.8 

J118. 71 664. 2 

1171. 71 254. 7 

1185. 51 
507.9 

0 I II 

81 o6 30 
98 o8 48 

43 44 J2 
Ii<) 42 o6 

go 14 09 
104· 30 45 

JI 18 36 
lie) 36 21 

. ------------

0 I II 

26o 59 53 
278 02 21 

223 42 47 
249 39 15 

270 o.:) 17 
284 23 04 

191 18 15 
249 34 32 

Piedra.Blanca 17332 I 
Cinnabar 16826: 7 

San Sitneon 
Castro 

Piedra Blanca 
Cinnabar 

F·airview 
La Cruz 

5301. 3 3. 72438 
7874. 4 3. 8q622 

20358. 2 4. 3o874 
. 0541. 4 4. 31263 

4697. 6 3. 67188 
4999. 8 3. 69895 

Piedras Blancas to Point Sur. 

------s-ta-t-io-n----i--1~-n-~_:_:f_ud_d_: __ i;~--~-~_:s_:_~~ -A-z-im_u_t_h_, __ a_z_~--~-cu_\_,_, _i __ ,_·o •~Ho•J o;"'"" j_n\W~; 1 · 

o ' " :I "'· o ' " o " [ . meters ! 
Silver Peak 

1887 

Cone Peak 
18go 

Rock Slide 
18go 

Pico Blanco 
1875 

Santa I,,ucia \Vest 
18go 

Anderson 
18<}o 

Manuel 
18go 

Pfeiffers Point 
18go 

Coopers Southeast Cor
ner 

18go 

35 50·53.290 164z.3 170 44 15.5 350 42 oS.8

1 

Santa Lucia 33479.6 4.52478o4 
121 21 30. 387 762. 5 3o5 41 58. 7 125 52 28. 8 Rocky Butte 33826. 4 . 4. 5292563 

36 03 o8.330 256.8 213 47 34.7 33 50 18.6 Santa Lucia 12501.7 4.0969702 
121 29 44.074 1103.2 317 17 01.6 137 32 22.5 Rocky Butte 58284.6 4.7655539 

331 19 07. 9 151 23 57. 7 ' Silver Peak 25813. o 4. 4118392 

Y> 07 28. 485 
121 36 02. 941 

36 o8 46. 142 
121 25 I I.682 

36 IO 52. 200 
121 38 32. 012 

36 16 11.538 
121 46 05. 212 

878.0 
73-5 

261. 7 
992.6 

16og. 0 
799. 9 

355.61 
130.1 I 

261 44 31. 0 81 50 sa. 41 Santa I,ucia 16597. I 4. 2200320 
310 11 55.2 130 15 38.4 1 Cone Peak 12415.2 4.0939534 
324 27 17.~ 144 35 49.9 Silver Peak 37664.2. 4.5759289 

2(/8 25 49. o 118 39 44. 7 Santa Lucia 40193. 614. 0041566 
316 o6 29.4 136 17 39.9 Cone Peak 41001.8 4.6128o28 
318 42 56.6 138 50 23.8 Rock Slide 28685. I 4.4576562 

328 2j 4.'i· 0 
350 21 sa. 6 

33 r3 26.3 
lir 41 28. 1 

118 43 42.6 

135 16 49. 4 
28o 55 05. 5 
28o 55 34.8· 
317 14 o6. 0 
329 17 58. 6 

'"'' 44 40. 8 
293 30 43· I 
293 34 13. 0 

148 40 27. 2 Rocky Butte 62493. 2 4. 7958327 
170 30 o8. 6 Silver Peak 33527. 8 4. 5254055 
213 10 45. 8 Cone Peak 12443. 3 4. 0949363 
261 35 04. S Rock Slide 16458. 5 4. 2163915 
2g8 29 50. 3 

1 
Pico Bianco 40055. 5 4. 6o26626 

315 10 50. o I Pico Blanco 21546. 5 4. 333376 
101 oi, or. 2 · San tu l,,ucin 20523. 2 4. 312246 
101 03 27. 1 Santa I.ucia West 20377.5 4. 309150 
137 19 17. 2 Cone Peak 19461. 2 4. 289170 
149 19 26. 5 I Rock :slide 7301. 4 3. 8634o8 

324 43 og. 3 Pico Dlanco 668o. 2 
i 13 43 07. o ; Santa Lucia 34331. 9 
II3 •6 33.5; Santa Lucia West 341go.4 

3. 824z9! 
4. 535bgl! 

; 310 5~ 24.9 131 02 52. 7 ; Anderson 14999. 5 !:N~3 

36 15 28. Igo·: 868. 9 
121 49 14. 239 355. 5 

181 01 43.6 
226 48 14. 8 
291 30 42. 5 
302 50 24. 7 
305 23 40. 3 I 

187 12 43. 6 
254 IO 28. O 

297 53 o6. 4 
3o6 43 32. 7 
307 50 39. 4 
3# 07 35.8 

I 

1 01 47.51 l'ico Blanco 
46 49 50. 1 Manuel 

I II 36 45. 4 Anderson 
122 57 .55· 3 1 Rock Slide 
125 34 54. o .

1 

Cone Peak 

7 13 04. o Pico Blanco 
74 12 19. 8 

1 
Manuel 

164 07 52. 3 Pfeiffers Point 

9233. 2 
5520. I 

16503. 2 
22724. I 
35075. 3 

6844.5 
4904· I 

18156.6 
24681!· I 
37o8<j. 2 

2538. 2 

---------'--------'------------------

117 59 25. 9 Anderson 
126 51 19. 81 Rock Slide 
128 02 09. 7 Cone Peak 

*No check ou this !'osition. 
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5 
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7 

I.ion P 
188 

eak 
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Piedras Blancas to Point Sur-Continued. 

Latitude I Sec r-· 
and 01;ds -inl Azitnuth: Back i To station Distance Loga· 

lougitude uteters nzin1uth I rithrus 

·--- ·-------- ------------ -,------------! 
0 I II "'· 0 I II 0 ' II j me/e,.s 

36 17 OJ. 724 ~-1 229 55 19. 2 1~~~:~ 
Pico Blnnco 6o70.8 3. 783244 

121 51 46. 009 II ':? 2Bo 16 44. 9 Manuel \ ~.2 3.93677!1, 
I 307 15 35. 4 127 17 05. 2 Coopers SE. Corner I 47 . 5 3.6776io 

I 

36 18 59· 812 1843.6 2(;7 o8 39. 4 87 IO 47. 5 ' Pico Jllanco I 5402.8 3. 732618 I 121 52 16. II2 402.0 325 09 15, 0 145 11 02.6 [ Coopers SH. Comer I 7946.4 3, 900173 
348 20 15.8 168 20 33, 6 Sur River 3716.5 3· 570134 

I 35 52 33. 361 1028. I 148 38 40.6 328 32 05. 3 ; Rock slide 32325, 8 4. 50<)549 
121 24 50, 297 )261. 7 :~g ~ t~:j 33~ 21 45. 2 J Cone Pcnk 1 20909, 0 4. 320334 

35 58 30.4 Santa I,ucia West 29987. 0 4.476<)3~ 
179 IS o8. I 359 12 58.9 S~1nta Lucia 2~u 4.47653 
301 34 19. 0 121 3 16. 1 S1h•er Penk 

J109.8 
3.71x~ 

333 o8 oS. I 153 12 40. 3 Picdras Ill. L. H. 4.41 

3S 53 03. 632 III. 9 77 o8 27,8 257 o6 52.4 San Martin 'l'op 4187.9 3. 621995 
!21 22 07.537 189.0 141 56 22. I 321 48 II. O Rock Slide 33886. 2 4. s30023 

148 29 49· s 328 25 21.3 Cone J>eak 21867, 8 4-3~ 
170 S9 43. 4 3SO S7 55. 3 Santa J..,ucia West 29412.9 4.4 ~38 
171 15 51.9 i?h ~i ~~:~ Santa Lucia 29366.0 4.i67 ~ 
346 56 OS, I Silver Peak 4123.9 3. IS3 

3S 51 o6. 32~ 194.9 
I 83 20 12.6 263 18 s2.s Silver Penk 34s6. s 3· S38636 

121 19 13.57 340.6 107 38 37. 0 287 35 19. 7 San Martin Top 8863. 7 3.947614 
129 39 II. O 309 37 29· I ~~~~ri~~\: s667. 4 3. 753J8o 
12140 26.6 324 ~ 16.4 27292. 2 4.436og8 
I 40 30.4 344 3 S9·9 Santa I.,ucia \Vest 33873. 8 4.5298 4 
164 S3 54.s 344 50 27. 3 Santa l,,ucin 33811.8 4.s29o68 

l~n~~:~~ 
301.8 139 22 37. 8 319 21 09· 2 San Martin Top 58go.8 3. 76S729 
475.9 I~S o6 03.5 335 01 42.3 Cone Peak 264 1.8 4. 422620 

I 3 03 40. O 3 03 46. ~ Alder Top s365. 5 3. 72¢o7 
303 39 21.3 '23 so 19. Rocky Butte 34oso. 6 4.s32125 

I 337 02 46. 2 157 05 s1.9 Piedras lll. L. H. 20494.0 4. 3u627 

35 55 s7.482 1771.5 1~6 27 48.B 336 25 33.0 Coue Peak 14486.g 4.1~ 
121 ·•s 52. 953 1327·3 I 2 29 37.6 2 30 01.9 Santa J,,ucin West 23713. 4.374 

182 50 35.8 2 51 03.5 Santa Lucia 23~.3 4·w 2 
313 27 05.6 133 2~ 17.9 AlderTOJ<.> 77 .3 
345 s8 21. 3 16s s S7·9 San Mortrn Top 64B4. 3 ~:81~U1 

3S 48 4S· Bo<) l~II.8 132 o6 41.6 312 05 34, 6 Soda 386o.7 3.g86665 
121 20 24.84t 23.8 157 17 13. I 337 16 34. 7 Silve1· Penk 

:~H 3·~ 202 26 16.s 22 26 58. 2 Lion Peak 3.6~ 
302 36 04. 0 122 45 55.4 Rocky Butte 30237. 0 4.4 :5JS 
342 32 22. I 162 34 21.0 l'lcdrns Bl. L. H: 17071.6 4. 232274 

·36 01 2Q.6U 913.8 242 47 31.2 62 49 50. 3 Cone Peak 66s6.6 3.823253 
121 33 40.s 1016.5 311 o6 36. 0 131 II IO. 7 Gale Pine 15ss8.6 4.191970 

321 09 18. 7 141 14 30. 2 San Martin Top 21209. 3 4. 326526 

36 01 12. 627 3B9.2 223 36 18. 6 u 36 30.i I.,opez 724.5 2.86oo26 
121 34 oo. SS3 13.8 240 SS 52. 7 5~ 23, Cone Peak 7344. 7 3.86s9•g 

3o8 26 5S· 0 1283141.4 Gate Pine 156o7. 0 4, 19331 
319 12 13.5 139 17 36. 7 San Mortin Top 2!126. 3 4. 32,824 

36 01 54. 829 169o.o :&~ ~; ~~:; 337 26 S9· 3 Anderson 17930.9 4.2s36o3 
121. 33 57. ;<52 1436. I 342 59 53· 3 Rock Slide 

:6~~u 4. 031537 
312 II 15. 3 132 16 00, I Gate Pine 4.214520 
331 36 38, 4 l~I 36 48.4 I.ope?. AA2.2 2.94ssso 

36 o~ 18.821 I 
3 31 47. J l 3 31 45.3 Lopez Point 1303. I 3. 114992 

58o. I 131 33 41.6 3ll 26 25. 8 Pfeiffers Point ~659.9 4.391991 
121 3 27.s24 688.6 134 29 25. 2 314 21 s2. 7 ~';':'l.,~~':,~E. Comer 2 H31.2 4. 42Sti.jo 

163 09 27. 8 34~ o8 14.4 10736.5 4.03oS61 
18/i 44 41. 0 44 55. 7 Rock Slide 

1~
0

M:~ 3. 6o6755 
291 41 17. 2 :~~ ~~ ~t~ 

Cone Peak 4.036~ 
329 07 04. 7 Doronda 7325. 0 J.864 

36 09 02.3~ 72.5 123 34 02.~ 303 28 25.3 Pfelffers Point 17II3.8 4-2~7 
121 39 15.3 384, 6 197 4S ~- ; 17 4S 30.4 Anderson 3555· l 3.55 7 

301 00 .81 ::~ ~~ ~~J 
Rock Slide ~4-S 3· 749309 

328 37 54.6 Do Inn 7.8 3. 9<i>7S7 
0

35 46 37. 882 / 1167.s 134 42 26. 2 314 40 53. 5 Salmon Top 56o~.8 3. ~R6tl 
121 17 46. 149 "59· l 144 26 s1.1 ' 324 24 40. 0 Silver Peak ¢77-6 3. s~ 

I 
151 07 47. 71 331 05 14. 8 Alder Top ~~~:~ 4. 132 7 
299 54 48. 7 120 o~ 07.~ Rocky Butte 4.394~ 
354 45 SS·3 174 4 21. PledrasBI. I,. H 12395.4 4.093 
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Piedras Blancas to Point Sur-Continued. 

---
Latitude Sec- Back Loga-

Station and onds in Azimuth To station Distance 
longitude meters azimuth rithms 

-----
0 I II m. 0 I II 0 I " m~lers 

Jones Top 35 48 25. 1I8 774.1 48 42 33.8 228 41 o6. 0 Dald To\t 5007. 3 3. 699007 
1887 121 15 16. 352 410.5 94 ~ 54.9 274 40 54.4 Salmon op 7771.3 3-89o493 

295 54 30.9 Silver Peak 10440.2 4.018709 
~;~ 51 ~:~ 309 49 23.9 Lion Peak 7754. 9 3.889576 

Pine Top 35 n 56.533 1742.2 137 04 10. 9 317 01 37. 8 Salmon Top ¢45.3 3.9&1722 
1888 121 l 02.923 73.4 140 18 34· l 320 17 33.6 Dald Top 4059.7 3.~2 

143 14 12. 4 323 II oo.8 Silver Peak 13729. 7 4. 137 2 
157 'g 53. 8 337 12 02. 3 Lion Peak 12361.6 4.092073 
19" I 29, 7 IO 18 57. I k"nes Top 6.'i34· 2 3.815189 
296 04 29.7 II6 II 47. 8 ocky Butte 21025.0 4.322737 

Ragged Point 35 45 32.075 988.4 ~M :4 ~;:~ ~ 13 01.5 Soda 9586.7 3.981670 
1873 121 19 27. oo6 678.4 19 19.4 Salmon Top 6145. l 3. 788526 

~l I~ 43·g 51 19 42. I Dold Top 3245.3 3· 5u250 
2 02 33. 102 04 33.0 Pine Top 5243.0 3.719SSO 

China Gulch 35 43 36.932 II38. 2 l~ 20 42.6 34~ 20 27· I Raf!ed Point 36II.O 3.557623 
1873 121 19 00. 430 10.8 l 29 46.3 I 30 29.~ Ba Top 588o.8 3.769439 

241 IO 29· l 61 12 12. Pine Top 5090· 7 3·~~ 
336 05 43· l ig, o6 52. 6 Piedrus DI. L. H. 7401.3 3. 3 

I 
Yellow Hill 35 43 30·~ 929.3 99 IO 00.6 279 09 30.5· China Gulch 13u.9 .3· II7909 

1873 121 18 oS. 223.6 1~2 ~ 36.7 33~ ~ ~:~ Ra{ffed Point 4239.3 3.627294 
l 5 20.9 Ila Top 5813.9 3.7~69 

j 
~~ ~ ~:~ 29 56 48.6 Pine Top 2'36. 2 3.61 I 

l 5 27 13, 4 Piedms Bl. L. H. 775.4 3.830932 

Rico 36 14 03.807 117.3 I~~~~:~ 273 JO 13.2 Pfeiffers Point 2873. 7 3.~37 
189o 121 46 51.537 1287.0 3o6 o6 59.3 twFei:'.i~! <jfi'ij1er 

4411.3 3. 565 
'gs 25 27.6 318 22 15. 7 12201, I 

4·= 
! l~ 57 29.6 ~ s6 25.5 Pico Blanco 9772. l 3. 

I 22 02. 3 22 29. 7 Manuel 4103.3 3. 613138 
295 17 11, I II5 22 o6. 2 Anderson 138o5. 2 :::i~~ 309 09 05.9 129 13 35. l A11derson Point 14704. 4 

Castro 36 13 24. 912 767.9 100 24 41. ~ 28o 21 46.4 Pfeiffers Point 

t!"' 3.876981 
IB9o 121 43 49. 729 12~12. 0 104 48 20. 284 46 33.4 Rico ;0 3.6715 

II~ o8 59.6 ~ ~~ ~:~ 
Coopers SE. Corner .6 3·~ 14 38 24.6 Manuel 6149.8 3. 

I 300 38 33.7 :~~ :~ ~::i 
Anderson 9227.8 3.¢5100 

319 42 39.9 Anderson Point lo6o§.6 4.025537 . 323 32 40. 8 143 37 OJ, 8 Dolan 1861 .5 +269945 

Timber Top 36 12 57.970 1786.8 104 14 54.3 284 II 30 O Pfeiffers Point 8909.~ 3.94~ 
18')o 121 43 00. 616 15.4 109 24 13. ~ 289 21 57. 5 Rico 61I3. 3.7 ~~ 

u6 ~ 28. 296 21 48. I Coopers SE. Corner 10415.4 4.01 7 

:~ 19 ~:~ 304 05 31. 5 Castro 1481.3 3. 170043 
322 17 49.5 Manuel 7539. 2 3.~328 

299 5~ 30. 6 120 02 09. o . Anderson .J:J,9· 7 3. 287 -
312 l 55.5 132 26 45. 2 ! Cone Peak 1.9 ::1~;~ 314 IO 41. 5 134 14 ~- 8 Rock Slide 14563.5 
322 12 25. 5 142 14 . 2 Anderson Point 91sn 3.¢g201 
325 II J6. 7 145 15 28. 5 Dolan 1722 . 4. 23 256 

Gamboa 36 03 19.369 6oo. l 142 46 44. l 322 45 38. 3 Dolan 4620. 2 3.664659 
IB9o 121 34 35. 16 8¢.4 I~ 04 32,9 337 02 13. 7 Anderson 15152. 8 4. 180492 

l 09 ll.2 344 o8 l~.9 Rock Slide 7Q~.6 3.901926 
339 44 16.o 159 44 3 .6 Doronda 27 .7 3.444155 

He lam 35 So 41. osB 1265. 4 41 sB 24.8 221 sB 04.4 Soda 12¢.0 3. II26o2 
1887 121 21 44. 428 lII4.9 126 35 53. 2 3o6 34 04. 2 San Martin Top SS07-7 3. 764002 

I 
2~ 03 42.7 ~g ~~ i~:i 

Silver Peak .JJ,6. 0 2. 712670 
2 "47.3 Lion Peak 4.7 3. r.1121 

I 330 38 31.9 150 39 18.5 Salmon Top 4075. I 3. 10138 

Trail - 35 ~ o6.886 212. 2 130 46 14. 9 310 42 48. 7 Lopez Point u604.9 4.o64640 
1888 . 121 09.g,3 239.7 :~~~n 314 17 44.9 Lopez ~:~~J 4.~18 

n;~1u 
Cone Peak 4·~ 

301 sB 58.2 Gate Pine 4037. 3 3. 

Plaskett Hill 35 54 52.398 l~~:: lg9 26 04.i 339 25 27.s Trail -1427. 3 3.646140 
1888 121 27 07. so6 l 5 ~ 15. 345 ~ 4g· Cone Peak 1578o.4 4. l98n7 

42 5 . l Gate Pine 2741.8 3.4J8o31 
~~~ 13 ;::i 141 14 45. 2 San Martin Top 5495.8 3.740029 

Mansfield 35 SS 53·~ 1643.i 172 15 32. 0 352 14 49. 2 Cone Peak 13530. 3 4. lg13o8 
1888 121 2 31. 783. ~~:::7 M 29 M·4 Trail 0331.0 3·~9 

JO 14, J Gate Pine 
m~:~ 

3. 36 
31I 48 26J 131 49 15.9 Plaskett Hill 3.449826 
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Piedras Blancas to Point Sur-Continued. 

-·------------------i----1-----~I -----------
Latitude Sec- Back 

Station and · onds in Azimuth azimuth To station 
longitude meters 

1------1-----~ 

1ta11cher 
1888 

Rock 
1888 

Jellison 
189<> 

Peter 
11l9<> 

Slate 
189<> 

Olmstead 
189<> 

Chalk Peak 
I89o 

No Name 
I875 

Ln Cruz 
1873 

Cinnabar 
I873 

Coopers Point 
I875 

Coopers Pl nnacle 
I89o 

Black Mountain 
I875 

Post Summit 
•89<> 

Square Bla~k Rock 
I89o 

0 , ,, 

35 53 07.971 
l 2I 26 35. 362 

0 I II 

165 40 52. 0 
I65 56 30. I 
292 01 38.5 

355429.782 9I7.8 2930I50.I 
121 26 I6. 346 409· 9 328 58 04. 0 

36 '" 57. 8u 
12I 4I 44. 766 

36 I2 45· 763 
I2! 45 Ol. 002 

. 36 o8 o6. o62 
I21 38 I9-692 

36 14 00.854 
I2! 4I 39· 015 

36 I6 28. 353 
13I 50 21. 495 

35 42 I9. 952 
121 18 00.447 

35 42 42. 524 
I2! 16 41. 765 

30 I5 00.630 
l2I 50 07.274 

36 I4 59. 584 
I2I 50 12. 735 

I782.0 
lII8.6 

I4I0.6 
26. 5 

I86.8 
492.3 

26.3 
974.3 

226.2 
1298.4 

874.1 
536.5 

614.9 
IJ. 2 

1310.5 
1050.0 

36 I7 21. 4I5 660. I 
I2I 47 28. 203 703. 8 

36 I7 21. 387 659. 2 
l2I 47 28. 379 7o8. 2 

36 04 32,6451 696.0 
121 36 36.6oo 9I5.9 

IO 42 41.2 

II9 15 24. 9 
126 49 31. 7 
I45 27 41. 9 

~i~ ~ r.:~ 
n4 30 58. 8 
I3I 05 JI. 6 
3o8 31 58.4 

125 35 I7. 7 
I30 48 27. 8 
I41 I5 21. 3 
I42 03 31.5 
I76 33 35. 3 
3312601.7 

I 

7I IS 56.0 i 
I03 21 41.6 

!;~ ~ ~:~ 
;;~ ~li ~;: ~ 
32I 12 26. I 

107 32 s6. 3 

::~ ~~ ~u 
I4I 57 35· I 

II5 59 57· 7 

:~~ ~~ ~u 
I42 23 20. 7 
207 I2 05.6 

I47 34 09. [ 
174 23 41.5 

3I2 57 49. 8 
70 37 43. 5 

I23 50 24.6 

I 

137 o6 46. 3 
I42 00 35.5 
I46 ~ I3. 7 

:r. ~. g:i I 
I48 I6 22. 8 
I57 25 51. 0 

:~ :~ ~~:~ 
305 53 33· 0 

69 I8 07 
84 37 sS 

IOI 39 IO 
II2 54 5I 

I 
I 

i 
351 24 33. 4 •

1 

I8 II 43. I 
370841.6 
~4 38 09· 0 

I5I JS 57.61 

134 47 18.5 

0 I II 

345 39 OI. 2 
345 56 II. 0 
112 02 40, I 

Cone Peak 
Plaskett Hill 
San Martin Top 

II3 04 I6. o Alder 1'o\> 
I48 58 54. 4 San Martm Top 
I90 42 30. o Fancher 

299 II I5·9 
3o6 46 30. 5 
325 26 28. I 

332 53 49. 5 
I33 38 20.6 

294 28 45.6 
3Il 04 26. 3 
I28 35 22. 2 

305 29 07.6 
310 43 25. 6 
321 14 48. ~ 

~~~ ~ ~~:o 
I51 27 07. 8 

25I 14 38. 7 
283 17 12. 5 
301 lt' 5I.6 
312 02 39• I 
Ill 32 45. 0 
I38 25 48. 8 
141 I4 I6.4 

287 28 o8. 9 
29Q 26 50. I 

292 57 50. 3 
32I 55 18. 5 

295 59 07. 7 

~~; ~~ ~u 
322 22 25. 9 
27 I3 05.8 

~~~ ~~ ~u 

Pfeiffers Point 
Rico 
Castro 
Timber Top 
Anderson Point 

Pfeiffers Point 
Rico 
Anderson Point 

Pfeiffers Pornt 
Rico 
Anderson Point 
Timber Top 
Anderson 
Dolan 

Castro 
Coopers SE. Corner 
Manuel 
Pico Blanco 
Santa Lucia West 
Cone l'eak 
Anderson 

I.opez Point 
Lopez 
Borondn 
Cone Peak 

Sur River 
Point Sur 
False Sur 
Dry Hill 
Pico Blanco 

China Guieb 
Yellow Hill 

I33 oo n. 8 Leitner 
250 36 57. 5 Ln Cruz 
303 49 33. 71 Yellow Hill 

3I7 04 29. 9 Point Sur 
321 S9 01. 3 ' False ~ur 
326 33 I5. 4 Sur Ri~·er 
334 55 38. 3 Dry Hill 
352 3I o8. 7 No Name 

328 I5 27.6 
337 24 37.9 

3~i ~ ~~:~ 
I25 54 24. 0 

~~ I6 ~ 
281 ~ 33 
292 52 0[ 

Sur River 
I,ittle River Hill 
Sierra Hill 
Pico Blanco 
Pfeiffers Point 

No Name 
Sur River 
Dry Hill 
I,ittle River Hill 

Rico 
Pfeiffers Point 
Coopers SE. Corner 
Sur River 
Pico Blanco 

Pfeiffers Point 
Anderson Point 
Anderson 
Dolan 

Distance 

nuiers 
I9098. 2 
3317,9 
2843.I 

678I. 3 
4187. 2 
25~.2 

12009- 3 
9570. 2 
5504. 8 
416o.2 
5I57.7 

6I85.6 
366o.5 

uo46. 7 

:~i:~ 
2224. 6 

11412, I 
5130.0 
s868.6 

3447. 3 
u68o. 5 
7771.3 
~I49.3 

~:§ 
7458. 7 

12834. 9 
I2561. 5 
I3209· 5 
9433·4 

2346.6 
6426. 2 
4335.2 
3789. I 
5549.9 

2811.0 
2174. 0 

8365, I 
2096.7 
2636.5 

6453. 2 
6457. 7 
4472. 7 
6298.4 
2727. 2 

4426.6 
8o19, I 

II330. 5 
8oI4.9 
266o.o 

4623. 6 
6462. 2 
6775.8 
7;97.4 

61YJ.9 
6242. 4' \ 
4376. 6 
6457. 7 
3751. 4 

25679. 4 
9491.9 

I2348. s 
I746. 3 

6oI 

Loga
rithms 

t=g 
3. 453795 

3· 83I3II 
3. 62I921 
3.409284 

4.o8168I 
3. 980921 
3. 740738 
3. 6I9u6 
3· 7I246o 

3. 791383 
3. 563543 
4. 043232 

4. 284323 
4. 227543 
3. 347256 
4.057364 

~:~~~~i 

~:~~m 
3.Sqo495 
4. ISo734 
4.4233z5 _ 
4. 42<)862 
3. 872663 

.(.Io839I 
4• o9804I 
4.12o886 
3. 974667 

3. 370443 
3. 8o795I 
3.637oo8 
3. 578535 
,. 744284 

3.448865 
3. 337256 

3.922473 
3. 321532 
3.421024 

u~~~ 
3.650570 
3. 799229 
3. 435717 

3.646o68 
3. 904128 
4. 054250 
3.903900 
3.424888 

3.66498I 
3.810379 
3. 830962 
3. 891949 

3. 78<J5o6 
3. ;95353 
3.64I137 
3.8Ioo8o 
3.574188 

4· 409585 
3.917351 
4.09I623 
3. 242109 

:~ ~~~:~I 
187 28 07. 8 

; 
'------------------~--·--------'------'------- --'-----'-------' 
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Piedras Blancas to Poz"nt Sur-Continued. 

I.atitude Sec- Back I,oga-
Station and ondsin Azimuth To station Distance 

longitude meters azimuth rithms 

0 ' " m. 0 ' " 0 ' " meters 
Lopez Rock 36 01 3&·M6 IIOI.O 137 56 ~-1 317 48 09· I Pfeiffers Point 31318.5 4°36sBo1 

18<)o 121 34 4 . 1173. 9 159 53 2 .9 339 52 27.4 Dolan 732. 3 2. 4692 
170 04 42. 3 3~~~u 

Rock Slide 11038. 0 4.042891 
276 2.5 42.6 Lopez 1670. 3 3. 222787 

~~n~J 12h sB 28. 4 Gate Pine 16958.9 :::~~m 13 18 17.5 Mansfield 14139.0 

Little Lopez Rock 36 01 ~-039 1o8o.3' 137 58 14.5 ~~r :~ ~~:~ 
Pfeiffers Point 31317.4 4.495786 

IS<}o 121 34 4 . 7 2 1171.3 141 55 05. I Rico 29343.0 4.467505 
14S ~ 21.5 328 o8 01.3 Castro 25749. 6 4. 410770 
149 22.9 329 33 31. Timber Top 24404. 2 4. 387464 

Slate Rock J6 ~ 36.1~ 1115- 3 129 22 IO. I 309 16 21. I Pfeiffers l'oint 191o6. 0 4.281~ 
IS<)o 121 54.94 1374.1 135 07 48.6 315 03 07.4 Rico 16869. ~ 4. 227 

14~ 35 54.3 r,g :~ ~:~ Castro 13~. 4-~ 
1~ 15 40.1 Timber Top II · 7 4. 74 
l o6 38. 2 342 o6 26. 1 Anderson Point 2704.6 3.432103 
31 56 02.3 13 57 29. 2 Dolan 5614.4 3. 749303 

Outer Two Rocks· 36 01 40. 102 1236.1 141 34 15. g 321 27 05. h Rico 29285. 0 4. 466645 
lS<}o 121 34 42. 636 1007.5 147 37 41. 327 30 58. Manuel 31821. l 4. 502715 

149 14 38. l 329 09 44°.5 Timber Top 24322.8 4.386o14 

Egg Rock 36 o6 17.156 528.8 l~ 28 47. l 324 25 04.8 Castro 16205.0 4. 209648. 
IS<}o 121 37 32. 758 819.4 14 28 07. 7 326 24 54. g Timber Top 14824.8 4.170988 

153 15 33· l 333 14 32. Anderson Point 5701.9 3. 1s6o11 

PfciffersL!ttle Pinnacle 36 ~ 57.6ll 1776.1 125 59 24.0 305 59 12.6 Pfeiffers Point 595.8 2. 775004 
lS<}o 121 r;. 134 6n,4 ~ 25 31.7 8s 26 28. 2 Rico 2~:~ 3·£9'~ 

2 15 25.3 98 18 09. 2 Castro 
h359·5 

3. 51 
282 40 42.9 102 43 55.8 Timber Top 3. 922178 
293 16 01.6 113 18 03. 4 Peter 5603.1 3· 748428 

Pfeiffers Rock 36 ~ 58.543 l~-5 ~ 46 37.8 321 46 31. 8 Pfeiffers Poi.it 
J~:~ 

2. 6122o6 
IS<}o 121 J6. 293 ·3 26 30. 7 86 27 32. 6 Rico 3.418464 

278 ~ 05.0 98 15 54.3 Castro 7231. 2 ~:~&~~~~ . 292 01. I 112 40 o8. 3 Peter ,s824. 8 

Sau Martin Rock or 35 53 18. 938 583.6 148 o8 57.4 328 00 05. 3 Timber Top · 1~~~:~ 4.~6oo 
Great White Rock 121 27 56. 046 1405.7 171 32 02. 4 351 30 59. 2 Cone Peak 4. 019 

1888 177 14 22. 2 357 14 14. 2 Trail 7033.6 3. 64718o 
202 54 15.3 22 54 43. 7 .Plaskett Hill 3127. l ~:~~~~~ 286 45 45.0 I 1o6 47 33.9 San Martin Top 4866.3 

Middle San Martin Rock 1~i ~~ ~~:~ 
620.4 173 5~ o8.9 353 ,52 57.0 Mansfield 

~:~/ 3. 676610 
1888 277-9 18o I 43.0 0 18 43.8 Trail 3.8444~ 

209 16 15.0 29 16 52. 3 Plaskett Hill 326o. 2 3. 51323 
285 57 20.0 105 59 17. 7 San Martin Top 5238. 5 3. 719207 

Outer Sau Martin Rock 35 ~ 28.676 883.8 177 48 ~-8 357 48 JO· 7 Mansfield 4461. 9 3.~522 
1888 121 24.456 613.4 18g 10 3 . 2 3 10 44.8 Trail 6735. 7 3. 8 384 

21 47 02. 8 36 47 47.9 Plaskett Hill 3222. I 3.5o8136 
287 35 25. I 107 37 30.6 San Martin Top 5635. 8 3. 750952 

Black Shore Pillar I 36 ~ 36.675 l~:~ 133 55 ~-8 313 51 o6.8 Rico 17210.51 4. 235794 
lS<}o 121 35.21I 14g 48 . 6 ~~ ~ ~:J 

Castro 13303.5 4. 12g¢1 
14 12 28.5 Timber Top 

11919. l I 4. 07 243 

Limekiln Rock J6 00 27. 2271 ~.2 lo8 II 36 288 09 56 Lopez Point 4485.0 3. 651764 
lS<}o 121 31 10. 392 .3 117 o6 o6 297 04 ~ Lopez 4224. 8 3.62sBo3 

203 30 47 23 31 Cone Peak 5415.3 3. 733625 

Limekiln Smokestack 36 oo 28. i42 I 876.7 107 28 16.o 287 26 34. 3 l 0 >eZ Point 4539.6 I 3.657017 
lS<}o i 121 31 O']. 21 190.9 u6 13 49.4 296 12 19.5 I'*°pez 4270. o I 3.63~23 

202 59 33. 3 23 00 22.4 Cone Peak 
5353.51 

3. 72 40 

Limekiln Warehouse 36 00 28.382 874,8 107 27 28. 4 287 25 46.5 Lopez Point 4549. 2 3.6579~ 
18<)o 121 31 07. 244 181.4 II6 II 49· 5 296 IO l~.3 Lopez 42'19· 3 3.6313 

202 53 30.0 22541.9 Cone Peak 5351.6. 3. 72848o 

Black Cone 36 12 52. 973 I 1~2.8 295 58 55.8 116 ~ 04. 8 Santa J,ucia 1~91.~ t ;i~~~~ lS<}o 121 35 31. 2841 1.4 50 30 41. I 230 54.3 Anderson . 51. 
III II 28.7 291 05 13.9 Manuel l 70. 7 4.22¢9.J 

South Ventana North 36 16 33.568 1034. 7 332 4~ 36. 4 1~2 48 37. 9 Cone Peak 27904. 6 4.445676 
Peak 121 38 15. "931 376.7 2 l 03.9 I 2 ;,"6 53·9 Anderson 

I 
10530. 2 4.022437 

189o ~~ :~ ~u 
235 o6. 4 Castro 10179. I 4.007710 

I 254 "9 35. 2 Pfeiffers Point 16379.4 4. 214298 
I ------



APPENDIX NO. 9. TRIANGULATION IN CALIFORNIA. 

Piedras Blancas to Point Sur-Continued. 

I I Latitude Sec- I 
Statlon end onds inl Azimuth 

longitude meters 
Beck 

azimuth To station Distance I.oga
rithms 

i~~~~~~~~~~-!~~~~~-1-~~-1-~~~~~1'~~~~~-1-~~~~~~~-1·~~~--~~~~I 

Ventane Cone 
18<)o 

Ven tone Double Summit 
18<)o 

Mansfield Cone 
1888 

Mansfield's house 
1888 

Plaskett Rock 
1888 

White Rock 1 
1887 

San Martin Point 
1887 

Buckeye 
1887 

Willow Peek 
1888 

Mortar 
1888 

Corral 
1888 

Gonzeles 
1887 

Sode Point 
1887 

Thorndyke Top 
r887 

Prize Pine 
1887 

0 ' II 

36 17 50.o6o 
121 42 50. 954 

35 57 00, 285 
121 28 54. 914 

35 56 0 .. 045 
121 28 02.7¢ 

35 55 14. 998 
121 28 39. 422 

35 48 23. 370 
121 22 36. 414 

35 52 19. 291 
121 25 13. 000 

8.8 
1376.2 

35 50 50. 253 1548. 7 
121 23 O'J.075 ln.s 

35 55 3>.8o4 
121 22 45. 416 

35 54 20. 79" 
121 27 02. 6i;6 

35 57 58. 48<) 
121 27 33· 762 

35 46 45.330 
121 19 II, 846 

35 49 44. 7']6 
121 22 48. 786 

IOlI.O 
1138.6 

1802. 6 
846.0 

35 47 58, 184 1793 I 
121 19 24. 564 616: 8 

0 I ff 

338 43 54 
344 30 i6 
~ Ol 07 

7~ ~ ~ 
324 02 47.6 
331 57 16. 2 
333 19 15. I 

135 28 05.8 
139 15 42.6 
173 48 33.> 

;;~ ~~ ~~:; 
343 57 sB· 6 

140 03 34.S 
175 o8 ,58. l 

072 27 48.9 
327 o8 38. 9 
69 23 46. l 

143 53 40. 0 
146 51 26.8 
173 40 14. 2 
:z86 48 40. 5 
301 31 05. 7 

;~ ;6 ;::h 
317 57 50.7 
328 24 30.9 

083 58 24. 0 
295 22 07. 0 
300 02 oo.8 
312. 24 39.6 

:~~ ~ ~~j 
232 42 18.9 

140 49 47· 0 
199 57 49.7 
277 46 29. 3 
315 55 O'J·5 

348 19 26. 3 
29 31 50. 9 
~2 16 23. 5 
69 50 58°0 

172 56 34.0 
314 54 23. 0 
343 00 47.9 

325 52 37. 2 

~~~~u 
276 04 48.3 
305 13 37.9 

9 J4' 30, I 

153 43 54· 5 

2¢ 41 21.5 
307 o8 20. 6 
311 02 33· 6 
326 56 JO. 6 

182 43 20. 7 
262 23 33.6 
315 01 So• I 

277 19 17.2 

~;; ~~ ~a:1 

144 JO 32, I 
152 01 17. 2 
153 21 41l. 2 

.315 25 26.4 
319 12 .~s.o 
353 48 04. 5 
79 51 22. 5 

:i~ ~ ~~:; 
320 00 16.3 
355 o8 54.1 

92 29 05. 1 
147 09 It. 3 
249 23 29· 4 

~~~ ~~ ~:3 
353 39 36.3 
lo6 49 34.4 
141 32 18.5 

Rock Slide 
Andt'rson 
Castro 
Pfeiffers Point 
Manuel 

Cone Peak 
Rock Slide 
Anderson 

Lopez Point 
Lopez 
Cone Peak 
Trail 
Plaskett Hilt 
Mansfield 

I.opez 
Trail 
Gate Pine 
Plaskett Hill 
Mansfield 

I.opez Point 
I.oµez 
Cone Peak 
Plaskett Hill 
Fancher 

I,ion Peak 
Silver Peak 
He lam 
Soda 
Fancher 
Rock 
Sau Mortin Top 

320 48 46.5 San Martin Top 
19 58 24. 5 Alder Top 
97 47 17. 7 Helem 

135 55 35· 4 Soda 

Alder Toi;> 
San Martin Top 
Faucher 
Rock 

352 56 30. 9 Plaskett Hill · 
134 55 40 6 San Martin Top 
163 01 03: 9 Fancher 

145 53 36.4 
157 46 JJ.5 
173 27 23. 2 

""05 38.4 
125 15 28.4 
189 34 21.2 
333 43 u.8 

n6 42 45. 7 

:~r:;, ~lJ 
146 sB o8.6 

Gate Pinc 
San Martin Top 
Plaskett Hill 

Bald Top 
Pine·Top 
Ragged Point 
Salmon Top 

Salmon Top 
Bald Top 
Pine Top 
Ragged Point 

2 43 27. l I.ion Peak 
82 25 58. 8 Jones Top 

135 02 53.6 Bald Top 

97 20 12. 41 Alder Top 
142 40 · 36. 4 Sliver Peak 
159 51 26.6 Soda 

meters 
1')064. 0 
ll922. 2 
828o. 2 

'f~J 
33545. l 
21700. 7 
144n.4 

x0913. 8 
1o¢o.7 
I1410. 2 

"54· 6 mu 
13174.6 
2005.6 
3257.8 
2555. 2 
762.3 

13645. 3 
13792. 5 
14676.5 

~:~ 
Z98!· 2 
~.o 
7100.3 

10361. 9 

4694. 7 
6355. 7 
7292.0 
5633.9 

98r.5 
4689.3 
2346. 7 

1~~:~ 
5773. 2 

2164.5 
5810.9 
2289.6 
4141,0 

4044.5 
9535· l 

13520.4 
9291.4 

58o5.1 
~287. 2 
3497,6 

2382.8 
5434,6 
6o30.9 

3. 902070 

u~m 
4.025440 

3.968203 

t~2:~g~ 
3. 772032 . 

~:~~l!b 
2.854~17 
3.612734 
3. 64o8,58 
3.32o830 
3.239490 

3.6716o7 
3. 8o3161 
3.862848 
3. 75o811 



COAST AND GEODETIC SUR VEY REPORT, 1904. 

Piedras Blancas to Point Sur-Continued. 

Back 
azimuth To station 

,-----S-ta-t-io_n ______ l-~-~-~-~t-~-:-:--~-;-£-~-~-~---A-z-i~u~ 

_______________ , ______ , ------:-------!---------

Spur 
1888 

Plaskett Point 
1888 

Mound 
1888 

Willow Point 
1888 

San Carpoforo 
1873 

I Gillis 
1872 

Valenzuela 
. 1873 

Brushy Knob 
1873 

Sierm Nevada 
1873 

La Cruz Rock 
1873 

Gillis' house, chimne 
1873 

White Rock 2 
1873 

Cone Pine 
1890 

Cape San Martin Con 
11l9o 

Dolans Cone Rock 
11l9o 

I,opez Lone Tree 
I1l9o 

Lopez Pine 
11l9o 

Digges Pine 
1888 

Post's house• 
11l9o 

y 

e 

! 

0 

35 57 41. 8o1 
121 28 01.449 

35 54 55. 742 
121 28 02. 922 

35 56 31. 331 
121 z8 35. 895 

35 54 07. 939 
12 I 27 25. 936 

,:;~ ~ ~:~~b 

35 40 57. 199 
121 17 II. 916 

35 46 27. 822 
121 19 19. 654 

I~~~;~~:~~ 

! 

35 42 50. g29 I 
121 18 56. 30 

I 
35 42 26. 998 I 

121 18 44. 156 

35 40 56. 374 
121 16 46. 495 

35 49 51. 2721 
121 23 47. 748 

36 30 II. 057 
121 30 28. 399 

35 53 21.828 
121 27 49. 641 

36 05 07,499 
I2l 37 02. 510 

36 02 07. 26 
121 33 43. 18 

36 02 17. 77 
121 33 02. s6 

35 sB 18.59 
121 26 38. 14 

36 13 45.82 
121 45 49. 53 

0 

314 56 ~-2 134 57 48.6 Gate Pine 
345 28 ,2 165 29 07. 7 Plaskett Hill 

10 41 59,8 190 41 55.0 Trail 
12 35 59. 2 192 35 41.7 Mansfield 

1717.9 
73.3 

158 II 28. l 338 II II.5 Mansfield 
177 38 31.0 357 38 27. 2 Trail 
239 42 15. I 59 43 31.5 Gate Pine 
274 14 17.9 94 14 50.4 Plaskett Hill 

~-6 
.7 

2II 03 25, 7 31 03 40.0 'frail 
323 59 15.8 144 00 07. 7 Plaskett Hill 
354 19 56. 7 174 19 59. 4 ::\1ansfield 

244.7 
650.5 

174.0 
322.0 I 

168 47 ~-0 348 46 48. 4 ·rrnil 

1')8 38 ·9 r 
18 38 17.7 Plaskett Hill 

325 32 o6. 9 145 32 36.8 Fancher 

358 04 51. 2 178 04 53. 5 Yellow Hill 
23 38 to. 5 203 37 42. 7 Chinn Gulch 

ll3 36 42.6 293 35 59. 3 Ragged Point 

1762.8 
299. 7 

276 59 28. 2 97 00 27.2 Faitview 
278 51 42. 6 98 52 43.8 f.fe"£.~a~~~ l~~~l 350 12 II. l 170 42 18. 0 

857.4 
493.6 

326 27 12. 8 146 27 51. 8 San Carpoforo 
342 00 26. 7 162 01 o8.o Yellow Hill 

3~ ~ ;;:~ 174 ~ 43.8 China Gulch 
186 07. 3 Ragged Point 

76.9 
130.4 

314 21 36. 2 134 22 31.3 Fairview 
358 04 43· I 178 04 46. 0 Piedra Blanca 
III IO 32.9 291 IO 00.6 La Cruz 
205 30 46., 25 30 59. 9 Cinnabar 

1551. I 176 II 42.4 JS6 II 40. 2 China Gulch 
1423.4 224 20 38.8 44 21 o6.7 Yellow Hill 

303 32 09.8 123 32 42.6 La Cruz 

832.0 156 26 28 336 26 21 Sierra Nevada 
IIIO. 0 204 28 4:1 24 29 04 Yellow Hill 

261 o8 58 81 JO JO Cinnabar 
28I IO 32 IOI IO 58 La Cruz 

1737.4 144 10 56 3~ ~~ .~i , La Cruz 
1169. I 182 04 53 Cinnabar 

278 33 27 98 34 12 1'"nirview 

136 19 58 San Carpoforo 1sSo. I 316 16 42 
11')8. 4 320 38 ~ 140 40 57 Rai:-ged Point 

327 57 147 59 54 Chma Gulch 

340.8 2~j ~ ~:g ~ 20 o8.6 Cone Peak 
710. 8 23 58 33. 5 ii~f:t~ Il3 41 32. 0 293 38 00. I 

133 29 53. 9 313 26 36. 7 Rock Slide 

672. 7 147 23 14 327 I~ 36 Lopez Point 
1245.0 149 42 lO 329 3 44 I.,opez 

170 59 48 350 sB 41 Cone Peak 

231. 2 146 27 03. 2 326 23 03. 0 Castro 
62.8 148 20 25. 5 328 16 54,4 Timber Top 

155 21 07. 3 335 19 49. 0 Anderson Point 

223.8 3s6 48 18 176 48 19 I,opcz 
lo81.o 14 28 55 194 28 45 I,opez Point 

si1-1 154 46 52 334 45 o6 Rock Slide 
4.1 252 34 01 72 35 sB Cone Peak 

572.9 115 51 s6 

I 

295 47 36 i 
Lopez Point 

955.6 152 28 41 332 26 52 Cone Peak 

1412.4 ~~~ ~ ~~ 355 00 56 
I 

Manuel 
1237.0 102 09 51 Castro 

I 

*No check on this position. 

--------

I Distance i Loga-
rithms 

,----;-----

metm I 4550. 7 
5393.4 
1095. 2 
3425. 3 I 

I 
1912. I 

I 4045.4 
3773. 3 
1393.2 

1279. 2 
3769-~ 
1176. 

5622. 7 
1446, l 
2241.5 

2944. 7 
2984.5 
2034. 0 

2565. 4 
2669.1 
1842. 9 

3038.6 I 
5757. I 
5288.9 
1728.0 

1439.5 
1716.4 

I 1694,4 I 

784.4 
2138. 7 
3113. 6 
1120.0 

I 

3173- I : 
327:1-6. 
1928.5 ' 

I 
12175. I ' 

10~.8 
13 . I 

1112. 6 
~37°6 II, 6

1 

11532. 7 

17232. 4 
1~418. 4 
I 302,6 

18402. 8 
17041.5 
7¢5.0 

II61. 2 

1739· 4 

10586. 7 
52o6. 9 

1231 I. 2 
10070.9 

45o8. 6 
3o6o. 5 

3.6sSo&> 
3. 731863 
3.03~ 
3-534 

3. 281515 
3-6©95§ 
3. 57671 
3. 144024 

3. 1o6<)~ 
3. 5762 
3. 07o647 

~:;m~ 
3. 350548 

3.4~6 
3.47 7 
3. 3o8352 

3.409155 
3.426363 
3. 265513 

3. 482669 
3. 760201 
3. 723366 
3. 237548 

3. 521774 
3. 583505 
3. 173110 
3. 135773 

3. 158200 
3. 23400.q 
3. 229018 

2. 894563 

u~~~ 
3. 049228 

3. 501487 
3. 515029 
3. 285230 

4. o85472 
4.014049 
4, 133796 

3.046337 
3. 1sB121 
3. 991739 
4.o61931 

4. 236345 
4. 241009 
4. 262512 

4. 264884 
4. 231so8 
3. 901184 

3.o6490 
3. 24039 

4,02f6 
3. 71 sB 

4.09030 
4, 00307 

3.6~04 
3. 4 579 I 

I 



APPENDIX NO. 9. TRIANGULATION IN CALIFORNIA. 605 

Piedras Blancas to Point Sur--Continued. 

·-----· --· ·-·-- --- -- ------
' 

Latitude I Sec- I Dack I Loga-
Station and onds in Azitnuth To station Distance 

longitude I meters] 
azimuth ritluns 

I , ------ I ------------------ --------,---

I Rock Slide 

·------
0 " 111, meltrs 

Pine Anderson• 36 ~ 01.43 44. I 312 07 35 132 o8 50 4270. 0 3. 63043 
189<> I2I 3 "9· 5S 239.5 339 35 13 159 36 13 I Dolan 7320. 7 3. 86455 

Gan1boa Point* 36 03 02. 43 74.9 I6o ~ 14 340 34 39 Dolan 4457. 4 3. 64908 
189<> 121 35 28. 31 7o8.6 173 16 353 57 56 , Rock Slide 8245.9 3. 91624 

I.ittle Pyramid Rock• 36 12 38. 56 II88. 6 ll7 27 43 ~7 25 36 Pfeiffers Point 6o47. 0 3. 78154 
18go 121 45 ll.57 28<).o 136 28 14 316 27 15 Rico 3624. 6 3. 55926 

Mansfield Pine• 35 56 14. 56 
. 
448.7 70 03 33 250 02 51 Mansfield 1916.9 3. 28200 

1888 121 27 19. 38 485.8 142 03 05 322 02 35 Trail 2045. 3 3.31076 

Harlan Rock* 36 00 40.61 1251. 7 1o8 46 33 288 ~ 25 I..,opez Point 3o67. 0 3.48671 
18go 121 32 04. 59 ll4. 9 . 122 "9 43 302 46 Lopez 2839. 7 3.45327 

Deer Pine 35 49 26. 94 830. 2 I 28o 52 47 IOO 56 38 Jones T'?fc 1oo65. 8 4.00285 
1887 121 21 50.07 1256.8 : 300 3S 34 120 39 24 Sahnon op 2486. 9 3.39565 

Cabin Pine 1670. I 
_I 

Alder Top 6793.0 3.832o6 35 54 54. 19 300 05 14 120 07 32 

1888 I2I 26 OI. 87 46.9 337 31 33 157 32 15 San Martin Top 4697. 0 3.67182 

Salmon Pine 35 48 28.66 883.3 155 21 52 335 21 46 Salmon Top 581.6 2. 76459 
1887 121 20 15. 19 381.4 312 21 34 132 23 01 nalcl Top so65.8 . 3. 70465 

Lone Oak• 35 47 46. 69 1438. 9 350 12 25 170 12 42 Ragged Point 4210.1 3.62429 
1887 121 19 55. 51 1394.1 157 59 31 337 59 14 Salmon Top 1¢5.4 3. 29346 

Burnett Peak• 35 45 23.95 ~JS. I IOO 29 56 28o 2~ 09 llald Top 12552. 8 4. og874 
1887 121 09 34. 73 72.5 IIO 54 44 29" 4 24 Salmon Top 17472. 3 4. 24235 

Lion Cone* 35 50 54. 27 1672. 5 315 19 38 135 21 24 {;:.nes Top 6462. 3 3-~9 
1887 121 18 17.31 434.3 354 20 34 174 20 52 Id Top 7940.5 3. 5 

Lone Pine 35 5S 44. 46 1370. 2 141 59 05 321 sB 18 Trail 3224.6 3.5o848 
1888 121 26 50. 32 126I.4 254 24 17 74 24 So Gate Pine 1492.9 3.17404 

Chute Derrick• 36 00 28.00 862.9 324 17 22 144 19 o6 Trail 7632.6 3. 88267 
1888 121 31 07. 33 183.6 335 ll 36 155 13 o8 Mansfield 9325.0 3.96965 

Ridge Pin<o* 35 57 01. 52 46.8 rs ~j ~~ 213 03 52 Plaskett Hill 4749. I I 3.67661 
1888 121 25 24. 12 604.5 245 SI 12 Mansfield 5139. 7 3.71094 

Schoolhouse, cupola* 35 55 39. 15 12o6.5 320 31 44 140 32 12 Plaskett Hill 1866.8 3. 2;110 

1888 121 27 54. &1 1374. 7 II5 35 14 295 34 53 Mansfield 1012.3 3.00533 

Valenzuela 1shouse,south 35 46 16. 12 4¢.8 323 II 23 143 12 OI San Cnrpoforo 2712. 4 3. 43336 
gable* 121 19 17.51 439.8 9 58 19 189 58 13 Ragged Point 1378.1 3. 13929 

1871 

Dig Tree 35 44 43. 15 1~9.8 39 36 16 ~~& ~ ~ 
La Cruz 5727. 0 3.757~ 

1871 121 15 35. 22 4.9 68 25 34 China Gulch 5546.0 3. 743 

Oak Tree on ridge 35 44 39.65 1222.0 ~& ~~ ~~ l~ 45 41 Piedra Blanca 8674. 6 3.93825 
1871 121 17 01. 52 38.2 I 58 45 Ln Cruz 4553.0 3.65830 

Cone 'fop Hill 35 43 54. 76 1687.6 26 16 32 200 I~ 26 Fairview 645x.o 3. 8o<J63 
1871 121 13 37.09 932. I 35 00 20 214 5 22 Pied.Ta Blanca 88gg. 6 3.94937 

Phillips' house, chlm- 35 41 36.36 1120, 6 300 40 45 120 41 44 Fairview 2977-6 3. 4~386 
ney* 121 17 12. 49 314.0 354 o6 2; 174 o6 34 Piedra Blanca 3041.8 3.4 313 

1871 

Evans' house, chimney• 35 41 24.02 740. 3 190 54 o8 10 54 19 Cinnabar 2463.9 3. 39162 
1871 121 17 00, 30 7.5 2g6 48 17 II6 49 IO Fairview 2525. 7 3.40238 

Hildebrnndt's house, 35 44 3s· 76 1225.J 137 40 53 317 40 19 Rngg<od Point 218o.9 3.33863 
north gable* 121 18 2 .56 717.6 :zo6 21 51 26 22 OI San Cnrpoforo 89<>.6 2.94¢7 

1871 

Rock?;; Jlutte Lat. Sta. 35 39 56. 03 1726.6 
l 5 )21 03 32. 13 SoS.o 

Castle Mount Lat. Sta. 35 56 21. 34 657. 6 
1885 120 20 22. 84 572.6 

Hepsedam Lat. Sta. 36 18 5:1.60 1652. 2 
1885 120 49 26.30 656.0 

---------------- --------------·- --·-- -----· 
•No check on this position. 



6o6 COAST AND GEODETIC SUR VEY REPORT, 1904. 

Piedras Blancas to Point Sur-Continued. 

--

Latitude I Sec- Back Loga-

I Station and 
1
onds in Azimuth To station Distance 

longitude meters azimuth rithms 

0 ' " m. 0 ' " 0 ' " meters 
Santa Lucia Lat. Sta. 36 o8 45.62 14o6.3 

1885 121 25 05. 54 138.5 

Santa Lucia Lat. Sta. 36 o8 47. 15 1453.3 
188o 121 25 12. 24 3o6.o 

Santa Lucia Eclipse Sta. 36 o8 46.50 
I 

1433.3 
188o 121 25 12. 44 3II . .:> . 

Santa Lucia, U. s. Naval 36 o8 46.85 
Observatory Station 121 25 12.65 lm:~ 

188o 
i I I 

Point Sur to Monterey Bay. 

I,atitude Sec- Back 

I 
I Distance Loga-

Station and ondsln Azimuth To station 
longitude meters azimuth ritlims 

I j ___ 
----- ----

0 ' " m. 0 ' " 0 ' " meters 
Point Pinos Light-house 36 38 OI.~ 40.8 I~ 07 32.6 344 03 09· I Santa Cruz 39768.6 4.599540 

1854 121 55 ss. 1463.0 I 32 29· 0 8 ~ 42.5 Loma Prieta ~6o5.8 4. 729212 
244 02 54.3 ~ 2 03.4 Santa Ana 14.3 4.841449 

Sierra Hill 36 20 44.440 1369.8 295 20 13.9 115 22 42, I Pico Blanco 69o5-5 1 3.839196 
1875 121 52 49· 993. 1246.6 ~; ~ ~~:~ l~I o6 29.0 tl~f:~~;~ ~~mer l u35. 4 4.046704 

l 5 19 I0.8 3333. 8 3. 522939 

Bonifacio Hill 36 21. 15.876 ~J 313 46 41. 2 133 48 18.5 Pico Blanco 5673. 7 3. 753863 
1875 121 51 24.014 17 13 03.6 197 12 32. 7 Little River Hlll 4390. 5 3. 642517 

65 41 09· 2 245 40 18. 2 Sierra Hill 2352. 7 3.371561 

Point Sur 36 18 21.f2 663. l 201 00 46. 2 21 01 26.4 Sierra Hill 
~u 3. 673892 

1875 121 53 57. sB 1443.5 ~~~ ~~ ~~:~ 35 32 ~-0 Bonifacio Hill 3.819778 
, ~ 03 .7 Little River Hill 2799. 4 3·ir~9 3o6 46 04· I I 47 22. 2 Sur River 4107.5 3: 13 2 

Dry Hill 3b 18 05. 732 176. 7 i 354 o6 03.0 174 o6 07. 8 Sur River I , 1983.4 I 3.297~0 
1875 121 51 54. 178 1351. 7 98 s8 03.,5 278 56 50. 3 Point Sur 3123.9 I 

161 49 37. 7 341 49 24. 7 Little River Hill 1754.4 I ~:~~13~ , 
2093. o I False Sur 36• 17 45. 721 1409.3 121 48 55. 7 301 48 13. 5 Point Sur 

n~~~ 1875 121 52 46. 574 1162. I 244 44 16. 2 644447.2 Dry Hill 1445.5 
311 53 47. 6 131 54 23. 4 Sur River 2030.5 3. 307612 

Oliviers Mount 36 26 JI. 532 355.4 336 53 14. 7 156 54 47. 2 Bonifacio Hill 9907. 4 3.995961 
1875 121 53 59. 991 1494. 2 

Cushings Mount 36 23 29.·255 <JOI. 7 173 29 ~-7 353 28 50.1 Oliviera Mount 
~~:~ 3.70~ 

1875 121 53 37,055 923.5 321 oS .4 141 07 07. 3 Bonifacio Hill 3. 72 

Kaslers Point 36 24 35.947 no8.o 20~ 13 25.8 ~ 13 55.9 Oliviero Mount 32o6.1 3.505982 
1875 121 54 So· 749 126.j.5 31 13 o6.9 I 13 50.6 ·Cushing• Mount 2756. 5 3· 440351 

Soberanes Point 36 26 55.5~ 17II. 6 298 12 21.0 IJ8 13 21.~ Oliviers Mount 2868.6 3·i51m 
1875 121 55 41.4 1033. I 343 37 32.7 163 38 02. Kaslers Point 4484. 2 3. 51 

Rock/, Ridge 36 28 00, 613 18.9 339 37 .s.g 159 37 58.3 Oliviera Mount 3586.6 3.5~682 
I 75 121 54 50. 127 1248.1 32 31 17. 212 30 47• I Soberanes Point 2379. I 3. 37 05 

Gutres Knoll 36 28 21.024 648.0 289 3A 48.0 109 40 30.0 Rocky Ridge l~.l 3. 271642 
1875 I 2t 56 00, 823 20.5 349 3 40.6 11i9 38 52, I Soberanes Point 267 .81 3. 427947 

Waters Ridge 36 29 33.932 1045.9 339 47 49. I I 159 48 14.a Rocky Ridge 3o64.9 3·4~21 
1875 121 55 32. 640 812.4 17 20 20.5 197 20 03. Gutres Knoll 2354.3 . 3.371 53 

Yankee Polut 36 29 29.954 923.3 26~ 40 33.8 85 41 12.6 'tt~:::: ~~~~f 1628.9 ~:~~~~ 1875 121 s6 37.901 943.4 33 30 5;.2 156 31 19. 3 2316.5 

Whalers Knoll 36 31 14.851 457.8 330 II 42.9 150 12 25.5 ~a~~~~8e ~gf,,~ J,<;84. 7 3. 554456 
1875 121 56 44. 228 1100.4 357 12 42.3 177 12 46. I 3237. 2 3. 510173 

I 

Greg1,s Hill J6 31 30.~ 939.6 '27 20 44.4, 207 20 00.0 Waters Ridge 4~-3 3.6o6846 
I 75 121 54 17. 447.8 82 28 ~.2 262 26 36. 2 Whalers Kuoll 3 .9 3. 56.\656 

171 19 .8 i 351 18 24.9 Point Piuoe Lat.Sta, 12120,5 4.o83522 
I 

-·--



APPENDIX NO, 9. TRIANGULATION IN CALIFORNIA. 

Point Sur to Monterey Bay-Continued. 

' 
I 

Latitude Sec- Back : Loga-Station and onds in Azimuth To station Dlstance 
longitude meters azimuth rithms 

0 I II ,,,, 0 I " 0 I " meters 
Pescadero Point 36 33 43.~5, 133~·6 313 "9 o8. 9 '33 10 53.4 w::Fe~~~oll 5988.5 3. 777317 

1875 121 57 13, I 33 . 2 350 55 53. 2 170 56 IO. 7 4636.7 3.666205 

Monterey Hill 36 34 00.951 29.3 94447.8 18<) 44 28. 7 Greggs Hill 4;o5.9 3.67~ 
1875 .• 121 53 45. 976 1I43.2 84 02 01,0 263 59 57·3 Pescadero Point 5191.2 3.715 

Loma Alta 36 33 4~· 210 1393.5 30 42 04. 2 210 41 <>5.2 Greggs Hill 4829, 4 3. 68388<) 
i875 121 52 3 , S<}I 967.1 Io6 lg 23.9 286 I~ ~.O Monterey Hill 173~.3 3. 239871 

151 l i9. 3 331 14 3 . 3 Point Pinos I.at.Sta. 8<)2 . 7 3.950790 

Sand Hill 2 36 36 07, 568 233.3 J 20 57.8 I~ 20 48.0 Loma Alta ~~u 3.644170 
1875 '21 52 22. 369 556.0 02 40.6 2 01 50.8 Monterey Hill 3.~56o3 

126 12 II. 7 3o6 IO 18.8 Point Pi nos I.at.Sta. sS27. 2 3. 5466 

Monterey Bay 2 36 37 35.8o7 no3. 7 23 04 ~·9 ~~; ~~ ~:~ 
Loma Alta ~I~:~ 3.8879~ 

1875 121 50 37. o84 921.4 3$20 .7 ~'::dt'iiifi !1ill 3.~2 
43 ~ 48.6 2>3 52 45. 9 ~14.0 3.5 ~ 
95 41.3 275 35 ~·3 Point Pinos L. H. 33.9 3·~ 
95 38 54.0 •75i\S5·3 Point Pinos Lat.Sta. 7353. 5 3· 97 

Luces Point 36 38 II. 56o ~·3 278 i8 50. 9 98 21 51.6 Monterey Bay 2' 7598. 8 3.88o745 
1875 121 55 39. 702 .3 332. 16 36. 9 152 16 41. 7 Point Pinos Lat.Sta. 430.9 2.634389 

56 29 56.5 236 29 45.0 Point Pinos L. H. 571. 6 2. 757110 

Roe?, Point 2 36 36 49. 555 1527.5 253 39 14° 2 73 •II II. o ~<;.nJ'iiTfi ~y 2 
5070.6 3.7oso6o 

. l 75 121 53 52, 913 i314.9 299 53 52. 7 119 54 46. 7 ~~~~J 3.414287 
342 03 02.3 162 03 ,46.4 Loma Alta 3. 776181 
358 05 57. 2 i78 o6 0·1. 5 Monterey Hill 5200.0 3. 716oo2 

Mussel Point 36 37 IS.16o 559.8 :~ ~ ~~~~ 3~ 52 16.'~ Point Pinos Lat.Sta. 2268. 7 3. 355772 
1875 121 54 15. 824 393· 2 3 l~ 49. Luces Point 2655. 6 3. 424167 

264 l~ 5'1{4 84 l "9· 9 ~~:dt'iiffi ~ay 2 
5462. 3 ~:~~Ii~6 3073 5.8 127 40 o6. 6 3561.~ 

327 o8 49. 3 147 09 03.0 Rocky Point 2 1049. 3.021oo8 
339. So 05. 7 159 51 03. 6 Loma Alta 6992.3 3.844622 

White Rock 36 J8 i9.87~ 612.6 286 is 3s.2 Io6 18 59· 2 Luces Point 912.5 2.~25~ 
1875 Ill 56 14. 95 371.5 325 04 54.4 '45 05 04.0 Point Pinos I,. H. 697-4 2. 347 

Moss Beach 36 36 51.~9 I,582.4 ~~~:u ~ 09 33.9 White Rock 2814. 6 3·~94"9 
1875 121 56 42. 2 lo6o.2 45 37. 9 Point Pinos I,. H. 2415,9 3. 3 3o80 

Pyramid Point 36 36 36.Q98 1140. 4 20i 57 52. 8 ·~SS~,. White Rock 3590.5 3.555157 
1875 121 57 22. 731 564.9 21 42 18.8 3 4J .8 Point Pinos J,. H.1 

J~.I 3.522591 
246 OJ 31. 7 66 OJ 55.6 Moss Bench l . 5 3. 037212 

Timber Ridge 36 33 50. 756 .1564.5 ~ 28 44.0 211 27 ~.6 Whalers Knoll 5634. 2 3.75o836 
1875 121 54 45. 977 n43. 2 28 ~·5 266 27 .6 Pescndero Point 36n.9 3.5656o4 

258055.0 78 o6 31. 7 Monterey Hill 1524· i 3.183194 
273 05 05. 7 93 o6 21. § I.oma Alta 3164. ~:~~~~ 350 51 15. l 170 51 31. Greggs Hill 4379. 4 

Carmel River 36 32 27,839 858.1 29 46 o8.9 209 ~ 38.1 Whalers Knoll 
~~J 3.4~8o 

1875 121 55 52, 5"9 I3o6.1 i39 o6 s6.o 319 07.7 Pescadero Point 3.4 70 
212 54 49.8 32 5~ 29.4 Timber Rid~e 3044, 7 3·~3543 
227 ~ 21.i ~1 3 36. A Monterey H II 4259.1 3. 29321 

I.omn Alta 5373,6 3.~o265 ~ 56 ~:6 r~ ~~ ~:s Greggs Hill 2941.6 3. 587 

Huckleb"rry Hill 36 30 44.985 1386.6 
~; ~~ ~t~ 

lg2 59 43.0 Waters Ridge 2247. 7 3.351746 
- 1875 121 55 i2. 327 3o6.8 ~~ ~iU 

Yankee Point 
~~;:~ 3·497f5 

Ill 56 12,8 Whalers Knoll 3.391 17 
162 30 o8.8 342 29 44.8 Carmel Rh-er 2465.0 3.3~816 

l 
223 56 30. 2 43 57 02, 4 Greggs Hill 

i947.8 I 3.2 553 

Yankee Knoll 36 29 33.422 1030.2 73 54 23.6 ~~~;n 
Yankee Point .385.9 2.586450 

i875 121 56 23. 005 572.6 170 24 49.' Whalers Knoll 3170, 7 3.5on57 
218 3~ 45. 0 ~ 34 27.0 Huckleberry Hill 2821.3 I 3.450442 
~I 44.2 17 14. l "({~~~': :~~fte I~.6 3.~176 
34 o6 01. 2 I o6 14.4 2 .9 3.3 1522 

Point Cypress 36 ~ 51.855 i598. i 210 po 59.3 30 01 44.2 ~ramld Point 3743. 2 3·~3~ 
1875 121 JB,079 946. 326 03 42. 2 It~ 44.7 uckleberry Hiii 9170. 2 3. 2 

341 05 30. 0 I I 50.4 Yankee Knoll 10374. 5 4.015¢8 
. 343 13 23. 2 163 '4 34.8 Yankee Point io362.9 4.01548o 

Timber Point 36 34 n. l6o 344.0 301 lz JB.8 121 20 12. 6 Pescadero Point I~,8 3. 216382 
1875 121 58 10. 136 252. l 310 3 l~. I 130 38 32. 4 Greggs Hill 7 .9 3.8812o8 

312 ~ 3 .o 132 56 sB.o Carmel River 4675. 2 3·66ci8o4 
325 58. 7 145 10 44.8 Huckleberry Hill 1142. 1 I 3. 8888<)1 
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Station 

COAST AND GEODETIC SUR VEY REPORT, 1904, 

Point Sur to Monterey Bay-Continued. 

Latitude Sec- I 
and ands in Azimuth Back 

azitnuth To station 

! 

Distancej I.oga
rithn1s longitude meters 

l-~~~~~~~~~~-l-~~~~~-l-~~-1-~~~~~-1-~~~~~1-~~~~~~~--~~~l~~~~-1 

I o , /1 111• o / /1 o / /1 met~rs. I 
Monterey Mission, cross 36 35 45. 594 1405. 4 230 27 47 50 29 26 l\SlaonndteHre

1
.•y

1 
B
2 

ay 2 5338. 3 ' 
1875 121 53 22, 781 y:x,, 3 245 42 57 65 43 33 11 1647. 3 

343 36 311 163 37 04 l,oma Alta 3867. 9 

i 

Vierra 's house, west ga
ble 

1875 

I Point Lobos 
i 1875 

36 31 03.692 
121 57 01.875 

Frank 
1875 

Pelican Point 
1875 

I.one Rock 
1875 

Waters' house, chimney 
1875 

Towles' house, chimney 
1875 

. Carmel Mission, spire 
1875 

San Jose Creek house, 
west gable 

1875 

Whalers Rocks, outer 
1875 

36 35 28. 933 
121 57 48. 90(> 

36 36 o6. 4'~ 
121 57 27, "90 

36 3' 24.356 
121 55 29. 021 

36 31 01, 510 
121 57 32. 076 

St.John'shonse,chimney 36 32 28.8o2 
1875 1'1 54 25. 446 

Gregg's house, chimney 36 31 s6.550 
1b75 121 54 57. 724 

Yankee Poiul Rock 
1875 

Pescadero Dairy, chim
ney 

1875 

Point Sur Light-house 
1890 

Point Sur, light-keeper's 
house, S£. chimney 

36 29 27,476 
121 56 48. 367 

36 18 23.918 
r31 54 03. 207 

36 18 19. 2~5 
12I 53 53· 789 

935.6 
236.9 

113.8 
46,6 

713.8 
451.2 

~1.8 
1215.7 

197.6 
688.4 

750. 7 
722.0 

1743, I 
1436,0 

846.9 
1203.8 

I42.8 
687.9 

593.5 
1342.0 

10 o8 19 190 o8 04 Monterey Hill 3276. 7 

332 10 29 152 10 51 waters Ridge 
10 49 39 190 49 31 Yankee Knoll 
20 46 39 200 46 22 Yankee Point 

147 48 2~ [ 327 48 02 Whalers Knoll 

231 55 27. 2 'I 51 55 37. 6 Whalers Knoll 
2,';8 32 12. 6 78 33 49. 9 Greggs Hill 
281 56 07. 6 101 57 12. 8 Huckleberry Hill 
321 14 30. 6 141 15 23 5 Waters Ridge 
340 49 38. 7 16o 50 01: 8 Yankee Knoll 

35 13 28. o 215 12 40. 4 Point Cypress 
165 04 36. 6 345 04 33. 9 Pyramid Point 
203 34 32 7 23 35 10.4 White Rock 
225 26 15: 9 45 26 37. 1 Moss Beach 

46 SS 45. I 226 55 15. 8 Point Cypress 
197 13 32. 4 17 13 48. o Pyramid Point 

24 31 54. 6 204 31 41. 9 Pelican Point 
37 17 16. 3 217 16 34. 3 Point Cypress 

187 27 22. 5 7 27 25. 3 Pyramid Point 
204 40 oo. 2 24 40 05. 7 Frank 

77 12 30 
154 27 49 
273 36 41 

124 38 o6 
I48 37 35 
233 34 01 

I 09 II 
43 25 25 
77 23 24 

~~~ ~~ ~ 
r48 45 IO 
163 22 34 
193 20 36 

~~§ i~ :~ 
327 39 29 
334 27 39 

168 34 28 
228 21 45 
354 o6 53 

125 17 30 
184 44 35 
309 o6 26 

181 46 sf> 
253 48 25 
263 sS 03 
329 sS 34 

325 49 23 
343 03 2') 
343 39 55 

4 30 10 

202 51 18. I 
247 29 46. I I 
26o 18 34. 2 

242 50 00. 7 

~~ ~ ~~:~ 
3o6 50 26.6 
307 03 26.8 I 

257 I2 23 
334 27 19 

93 37 04 

304 37 48 
328 37 26 
53 34 22 

181 09 09 
223 '14 29 
257 22 59 
6o 12 54 

147 24 57 

328 44 o8 
343 22 20 

13 21 02 

72 32 15 
98 20 42 

147 40 10 
154 28 II 

348 34 16 
48 22 48 

•74 o6 57 

305 r6 57 
4 44 42 

129 o6 50 

I 46 58 
73 48 40 
83 sS 48 

149 59 05 

'45 So 40 
163 04 14 
163 40 16 
184 30 00 

22 52 01.4 
67 30 49· 5 
So 2I 45. 7 

62 50 58.5 

.~ ~~ j~:? 
126 5' 42. 2 
r27 o6 12. 3 

Yankee Knoll 
Point I.obos 
Waters Ridge 

Yankee Point 
Yankee Knoll 
Waters Ridge 

Huckleberry Hill 
Whalers Knoll 
Carmel River 
Loma Alta 
Greggs Hill 

Pescadero Point 
Cannel River 
Timber Ridge 

Greggs Hill 
Huckleberry Hill 
Yankee Knoll 
Yankee Point 

Timber Ridge 
Loma Alta 
Greggs Hill 

Carmel River 
Timber Ridge 
Greggs Hill 

Whnlers Knoll 
Yankee Knoll 

~:N::.~ lt:i,~f 
Greggs Hill 
Huckleberry Hlll 
Carmel River 
Whalers Knoll 

Sierra Hill 
I,ittle River Hi11 
Pico Blanco 

Little River Hlll 
Pico Blanco 
Manuel 
Sur River 
Coopers Sit. comer 

•¢6.5 
1786.5 
r991.3 
1620.8 

557.8 
416o.1 ! 
2786. I ; 
3547.7; 
2945. 8 i 
3444.9 ! 
441. 5 ; 

3925. 5 
1231!.o ! 

I r673.5 . 
21¢.6 

~-~ 
~~:~ 
335.2 

3001.6 
928.5 

915.5 

1~:~ 
3410.0 
3426. 2 
ICX)4. 5 
4318.3 
2381.9 

5013.4 
2042. I 
4637.8 

4910.6 
3514.4 
3213.5 
3127, 7 

2577. 2 

i~:t 1· 

1669.5 
3532. 4 
1273.7 

Jg~;:~ 
1895.3 
2365. 7 

5742. 7 
6433. 0 
3109.1 
5249.6 

3. 727402 
3- 216763 
3° s8747I 
3. 515436 

3.293693 
3. 252040 
3. 299•37 
3. 209734 

2. 746445 
3. 619101 
3. 4449'J8' 
3.549949 
3.469204 

3. 537178 
2.6442"" 
3.593~ 
3. 0927r2 

3. 223621 
3. 341750 

3. 103742 
3.400642 
2.978124 
2. 754435 

2. 5253It 
3. 477346 
2.967786 

2. 9616"8 
2. 866ocJ5 
3.034497 

3.532756 
3.534814 
3. 039202 
3. 63~315 
3. 371>924 

3. 7oor30 
3. 310078 
3.666315 

3. 69I136 
3-~~I 
3. 5<>b9!l4 
3.495221 

3. 411 !5" 
3. 549667 
3. 25699o 

3. 222599 
3.548o67 
3· 105056 

u= 3. 277676 
3. 373954 

U~':~ 
3.492i34 
3. 720126 

3. 672148 
3.46I16o 
3.912983 

3. 437548 

·~:~:~~ 
3.6oo382 
3.941759 



APPENDIX NO. 9. TRIANGULATION IN. CAI,IFORNIA. 609 

Point Sur to Monterey Ba;1-Contiuued. 

Station 

I 
Latitude 

and 

-----------'···longitude 
meters! 

Loga
rith1ns lo:ci":'iJ Azimuth az't!.~~h I To station I Distance 

, ______ --------------- ---- -----

Point Sur, light-keeper's 
house, NW. chimney 

Ifl9o 

1. Black Ridge 
I875 

Cooper 
I875 

Point Sur South Base 
I875 

Point Sur North Base 
I875 

Vierra Knoll 
1875 

Brushy Ridge 
1875 

Soberanes Ridge 
187.~ 

SOberanes' house, chin1-
ney 

1875 

Portuguese Ridge 
I875 

Palo Colorado Ridge 
1875 

Division Knoll 
I875 

Algers Ridge 
J875 

Las Piedras Ridge 
1875 

0 I I' 

36 18 J9. 6oo 
I21 53 53. 99I 

36 19 03.966 
I21 53 o6. 542 

I 

36 I8 37.52411156,6 
I II 52 44, 095 IIOO, 1 

36 I8 J6. 335 503. 5 
l 2I 53 12. 933 322. 7 

36 I8 40. 175 J238, 3 
121 53 25. 697 ' 641. 0 

36 30 3I.6¢ 
I2I 56 18. 822 

36 26 59.624 
121 55 12. 051 

36 27 17. 184 
121 55 19. 68o 

529. 7 
490,0 

0 i " 
243 04 46.~ 

~~ ~~ ~:8 
3o6 55 lo.6 
307 05 35. 5 

44 22 34. 5 
I87 35 22. 7 

~;~ '.i1 ~u 

7~ ~~ ~u 
~~ i~ ~:i 
~ o6 23.8 

~;~ ~ i;:~ 
325 07 I7. 2 

274 29 56. 3 
336 34 o8.3 
54 21 52.5 

3 J9 01.4 
I4 00 35.2 

I32 38 .I3,4 
I54 35 01, 2 

326 ~ ~:~ 
53 27 46, 5 

J30 07 46.4 
138 47 40,4 
174 44 JS.5 

309 33 oo. 9 

~~~u 
154 IO 38.0 
173 23 26.6 
Igb 11 29. 8 

I52 30 03 
176 10 14 
208 47 37 

0 I II 

22.j 22 04. 2 
7 35 32. 5 

32 10 25.3 
95 48 58. 3 

Little River Hill 
Pico Blanco 
Manuel 
Sur River 
Coopers SE;. corner 

Point Sur 
Sierra Hill 
Bonifacio Hill 
Little River Hill 

182 J3 03. o False Sur 
254 SS 54. I Point Sur 
325 30 28. 2 Black Ridge 
128 I2 03. 61 Dry Hill 

278 05 57. 2 Point Sur 
47 46 14. o Cooper 
99 26 58. 8 Dry Hill 

I45 07 32. 91 False Sur 

94 30 21. o Cooper 
156 34 15. 9 Point Snr S. Base 
234 21 33. 5 Point Sur 

~~~~u 
233 27 26. 2 

~:~ ~~ ~:~ 
354 44 35.0 

Yankee Knoll 
Yankee Point 
Point Lobos 
Whalers Knoll 

~~ia!'~~'i>"oint 
Gutres Knoll 
Yankee Point 
Yankee Knoll 
Waters Ridge 

meters 
2738.4 
7!)8I.9 

12346. 3 
39<J4.9 
8755.4 

J830.6 
3124. 3 
48o3.o 
1264.5 

J597·9 
I<)<>~· 3 
981!·9 

1584.7 

ll32. J 

97J. 7 
199I.9 
1150. 2 

1041. l 
Soo.9 
987.3 

I29 33 43. 7 
I73 IO I0.4 
:z6o 13 48. 5 
334 IO 09· I 

Oliviers Mount 232;. 7 
Kaslers Point 446o. ~ 

:l!fg ~t lU 
332 29 39 
356 IO IO 

28 47 55 

Soberanes Point 743. o 
Gutres Knoll 2;87. 5 
Brushy Ridge 316o. 2 
Rocky Ridge I957·6 

Gutres Knoll 2218.4 
lln1shy Ridge 26o3. 7 
Rocky Ridge 1527. 5 

3.437490 
3· 902104 
4. 091536 
3.6o1516 
3.942277 

3. 262604 
3.494746 
3· 681514 
3. 101908 

3, 203551 
3. 2;996I 
2, 995I40 
3. I99941 

3.053905 
2.<)87524 
3. 299274 
3.o6o774 

3. 0I7482 
i.903554 
2.994434 

36 25 51. 714 I 1594 o 234 20 15 1 54 20 35 4 Oliviets Mount 1047.8 3 020293 
1 

I2t 54 34. I7I 851: I 342 02 18:9 I62 02 52:9 Cushings Mount 4615.9 3:664256 
' 10 OJ 49.2 190 OJ 39.5 Knslers Point 2*1.6 3.375049 

I 139 33 49.3 3J9 33 OCJ 2 Soberanes Point 2 .6 3.41239I 
155 44 29. o 335 44 oo: 5 Soberanes Ridge 22 . o 3. 300974 

36 24 21. 207 I 653, 7 333 IO 53. o I53 11 12. 3 Cushings Mouut 1794. 3 3.253889 
121 54 09.537 I 237.6 113 52 13.9 293 51 49 5 Knslers Point II22.9 3.050336 

162 I9 01.9 342 18 24:8 Soberanes Ridge 5J25.3 3.709716 

I
, J67 35 43. 4 347 35 28. 7 Portuguese Ridge 2856. 4 3. 455826 

I83 59 58. 6 4 oo 04. 3 O!iviers Mount 34o8. 9 3. 532614 

36 22 29. 844 ' 919. 9 I64 24 16. o 344 23 50. 2 Kaslers Point 4035. 6 3. 6o5903 
12I 54 07.205 / 179.6 179 01'•48.7 359 01 47.3 PaloColoradoRidge 3433. I 3.535681 

I ~~ :~ ~~: 6 I~~ :~ ~~: ~ ii~~:;;~~~ ~?~int l6l~: ~ ~: mr.; 
36 22 40.288 I 1241. 8 ,. 340 I6 33. s 16o J6 55. 71 Bonifacio Hill 2764. o :;. 44J53J 

I21 5• 01. 426

1

· 35· 6 18 44 07. 4 1q8 43 38. 6 Sierra Hill 3770. 5 3. 5;6392 
84 oB 53. 7 264 07 39. 1 Division Knoll 3J5I. 7 :;. 498548 

I34 1~ 52 4 3I4 I4 36.4 PaloColoradoR!dge 44~7 o ;;.049097 
1s5 3~ t9: o 335 35 oB. 6 Olh·iers Mount 7J50: I 3. 854313 

36 22 18.29I I 585.·4 102 44 12.7 282 43 37.4 Division Knoll 1517.9 3. I8124S 
121 53 07.809 I94. 7 148 43 16. 2 328 42 12. 7 Kaslers Point 49~9·9 I 3.(><)3715 

161 24 02.2 34
8
J 2

2
3
2 

44
02 

.. 8
2 

Cushiugs Mount 2205.2 3.3589J6 
248 2I 22.8 ~6 Algern Ridge J7Bo.2 i 3, 250465 

I 
3o6 55 37. 5 J26 56 39. o nonifocio Hill 123" 41 3. 5101¢ 

·~~~~~~~--~~-'-~-~---'---~'-3_s_1_I_9_s_6_._4-'--~17_1_20_o6_.9-'--s-'i_e_r_ra_H_i_1_1_~ __ l__:.4~:~'--3._4_69~s3_0--' 



610 COAST AND GE9DETIC SURVEY REPORT, 1904. 

Point Sur to Monterey Bay-Contiµued. 

Latitude I Sec- Back Loga-
Station and oods in Azimuth 'ro station Distance 

longitude I meters 
azimuth rithms 

0 I II 
I 

0 ' " I 0 I " "'· meters 
Widow Heaths Hill ;¢ 21 2~.002 832.3 349 5i 19.5 I 169 5i 38.2 Black Ridge 4478-g 3.6~ 

1875 I2I 53 3 .058 948.9 4 5 16.7 184 5 05.0 Point Sur ~- 3.7 
I~ 26 22.5 339 26 05. 2 Division Knott .8 3.31&718 
I 22 48. 7 0 22 ~-3 Cushing& Mount 3768.3 3.57 I47 
226 50 00. 7 46 50 .o ~~~7£:J.:1fth 3302. 4 3. 518827 
275 50 52. I 95 52 Jll.6 3359. 7 3.526297 

Point Sur 2 36 18 21.624 666.4 245 09 14.3 65 10 14.7 Little River Hill 28o2. 2 3-~ 
IB9o 121 53 58. 050 1448.3 259 39 42.9 79 42 51.3 Pico Blanco So69-9 3. 

I 3<YJ 0( 10, I 127 03 58. I Coopers SE;. Comer ssn8 3.948111 

Ventura.Rock 36 20 36.470 1124.21 1~4 56 24 354 56 o8 Kaslers Point 7410.3 3-~5 
I875 121 54 24. 518 611.4 I 7 02 24 7 02 34 Division Knott 3521.1 3.54 5 

' 216 38 15 36 38 42 Widow Heaths Hill 194I. I 3. 288o52 
350 53 35 170 54 51 Point Sur 4213.0 3.624595 

BixbKs Mount 36 21 20.078 618.9 72 24 32. 5 ·~:~~~-7 
Sierra Hill 3632.4 3.56o188 

I 75 I21 50 31. I39 n6.4 84 2i 37 Bonifacio Hill I324-7 3. 122117 
114 5 50 294 55 18 Las Piedras Ridge 4307.3 3.634210 
137 41 33 317 40 40 Algers Ridge 3343.4 3.524193 

Boulder Peak 36 23 10.200 3I4.4 6o 21 II 240 18 44 Bonifacio Hill 7119.3 3.8~ 
1875 121 47 15.862 395.4 61 41 14 241 37 55 Sierra Hill 9464. 2 3.9 

ii 34 o8 251 30 22 Widow Heaths Hill 10044.3 4.001920 
2 38 34 262 35 44 Algers Ridge 7177.1 3.855946 

Flat Point 36 21 24. 274 748.2 325 14 59 145 16 13 Little River Hill Wl.6 3.733~ 
1875' 121 54 19. 925 4¢.8 337 03 23 157 04 o6 Black Ridge .o 3.67172 

354 25 03 174 25 16 Point Sur .I 3. 752824 

'rw;n Peaks North 36 24 07. 112 ;~~:: 
28 23 14 2o8 22 o6 Bonifacio Hill 5998.9 3.77~ 

2Q75 I21 49 29.630 ~rs~~ ~3t ~~ !~ 
Algers Ridge 4634.0 3.6659 
Division Knoll ~-6 3.8773~1 

93 35 16 273 32 29 Palo Color:ido Ridge .2 3.8443 3 

Palo Corona 36 27 04. 264 131.4 fil 46 34 :~~ ~~ ~ 
Bonifacio Hill 1o8o2.o 4.03~o6 

1875 121 52 10. 952 273.4 19 23 Algers Ridge ~0,2 
17 56 10 197 55, I9 Cusltings Mount 5.5 ~:9~9~ 

castle Rock 36 22 31. 467 rou I87 53 31 7 53 43 Palo Colorado Ridge· 3414.9 3. 533375 
1875 121 54 28. :is6 215 40 o6 35 40 36 Cushings Mount I 2192.6 3.34o¢4 

327 44 31 147 ~5 01 Widow Heaths Hill 2349.6 3.370989 

Awash Rock 36 16 50.857 I567. 6 152 39 36 332 39 01 Point Sur 

I 
3145.7 ~:im~ I875 121 52 59. 950 14¢.2 177 42 18 357 42 13 Black Ridge 41o6.1 

295 22 57 15 23 23 Little River Hill 4122.5 3.6151i1 

Big Mountain 36 25 44.478 I371.0 10 3i 24 I90 36 58 Algers Ridge I ~~j 3.~61~ 
1875 I21 SI I8.704 465.9 ~~ ~i ~~ 

203 13 20 Las Piedras Ridge 3. 383 
2I9 34 50 Cushings Mount i 54o8.8 3. 733099 

Piedra de Lobos, outer 36 27 2I. 467 661. 7 239 21 40 59 22 ~ Rocky Ridge 2368. I 3.3744o6 
1875 I2I 56 11.963 297.9 ~~~~ II~ 17 Soberanes Ridge 1636.8 3.214000 

~~8 ~ ~~ 
Soberanes Point 1102. ~ ~:~~~6 ' 318 37 57 Portuguese Ridge 368a· i 

338 21 54 I58 22 42 Kaslers Point · 548 .3 3. 739439 

Sandstone Cliff 36 I9 02.50I 77. I 320 44 35 140 44 50 Cooper ~-2 2. 997482 
1875 I2 I 53 09· 313 232.3 30 42 32 210 42 22 Point Sur N. Base .4 2. 903285 

43 47 33 223 47 04 Point Sur 1750. I 3. 243057 

Cushings Point 36 24 II. 350 349.8 178 49 4I 358 4A 40 Kaslers Point 758.3 2.879862 
1875 I2I 54 So· 1:z6 1249.0 305 27 55 125 2 38 Cushings Mount ~;~:~ 3.349454 

34I 07 16 I6I 07 41 Division Knoll 3.5I9374 

'rhrog,'s house, chimney 36 28 39.238 I209.5 151 00 I8 3~ ~ ~i 
Yankee Point I~.3 3.2= 

I 75 I2I s6 "3· "93 77.0 204 I2 30 Waters Ridge I .5 3. 2 
303 I4 o6 I23 I4 4R Rocky Ridge 2171.9 3.33~ 
354 15·00 174 15 01 Gutres Knoll 564.3 2.751 

Point Cypress Rock 36 ~ 01.354 4I.7 216 09 54 36 IO 45 Pyramid Point 3652. I 3.56~41 
I875 I2I 49.45I I22<). 3 225 22 30 ~ 23 I9 Lone Rock 28~,0 3.45 I2 

240 32 II 32 47 Pelican Point I7 .6 3.237686 
316 00 14 I36 00 21 Point CyprcSll 407.0 2.6o¢I3 

Double tree north 36 29 42• I~ I299. 2 ~~ i6 :~ 330 50 45 Pescndero Point 85I3.7 3.930I2 
1875 I21 54 26. 958 670.9 7 17 JI Monterey Hill 8042.1 3.90537 

White house, chimney• 36 33 20.48 63I.3 329 54 01 149 54 48 w~:Fe~:1fd~ott ,3918.7 ~:m:: I875 I2I 55 36.99 9I9.9 23 2I 54 203 21 14 4218.1 

*No check 011 this posiGon. 



APPENDIX NO. 9. TRIANGULATION IN CALIFORNIA. 6II 

int Su; to Monterey Bay-Continued. 

Latitude Sec- I Back Loga-
I Station and ondsin Azimuth To station Distance 

longitude lizimuth rithms meters 
I 

i 
0 I II "'· 0 I II 0 I II meters 

Yanke" Point Breaker 36 29 o6.~ 201.2 246 32 40 66 33 26 Waters Rid~e 2122.8 3· 3"69o 
1875 121 56 50. 1266. 6 318 22 36 138 23 o6 GutresKno I 1876.2 3. 27327 

Blxby's barn, north ga- 36 2\ 21. 88 674.i 132 26 57 312 26 II I.as Piedras Ridge 26o8.7 3.41642 
ble* ,. 121 51 50.59 1261. '173 37 34 353 37 27 Algers Ridge 2432.0 3.385¢ 

1875 

Gntres' barn.west gable* 36 28 10.65 328.3 283 44 50 103 45 21 Rocky Ridg" 1301.8 3. 11456 
1875 121 55 40. 92 1018.5 0 21 00 !So 21 00 Soberanes Point 2315.6 3.36466 

Doub\" tree south :,6 29 42. 17 1299.8 12 ~6 53 192 36 27 Soberanes Ridge 51M.2 3.71~ 
1875 121 54 27. 02 670.4 JS 26 09 218 25 34 Brushy Ridge 23 .3 2.37 

Mount Toro Lat. Station 36 31 35. 17 l~.2 
1885 121 36 32. 83 81 .8 

Santa Ana Lat. Station 36 54 l~.6o 6o4.2 
1885 121 13 5 . 10 1438.3 

I 

Inland peaks.· 

I 

I 
. I Latitude Sec- Back Loga-Station and ondsin Azhnuth To station D1sta11cej 

longitude tneters azimuth rithms 

0 I " '11. 0 I // 0 I ,, 
nultrs 

Santa Inez Peak, top 34 31 38.382 1182. 7 82 10 .s. 9 :>62 02 59. 6 Gavlota 
~~n 4.309998 

119 SS 40. 547 1034.1 96 45 17.~ 276 25 27. 7 Arguello 4.~1232 
125 27 27. 305 o6 01.3 Lospe ~0.2 4. 775~ 
147 32 47.9 . 327 12 46. 5 San Luis 2. 2 4·m" 155 54 02.61 335 46 56.0 'repusquet 46573.8 4· 142 

Dome Mountain, top of 35 16 44.8o6 138o.9 ~ 21 oo.8 ;;~ ~ ~~:i Tepusquet 41103.8 4.6~gq2 
peak 120 13 49. 054 1239. 7 3 48 IO. l Lospe $4737·4 4. 7 284 

138 55 16. 0 318 53 55.6 Sau Jose 5350.1 3. 728364 

San Rafael Mtn. or Mc- 34 42 09.686 2g8.5 107 10 13. 2 286 44 10. I Lospe 7-;JiSg.o 4.862006 
Kinl.,y, U.S. G. S. II9 50 40. 97I 1042. 7 126 31 01. 3 3o6 19 20.0 'l'epusquct 

?s.~:~ 4.~51 150 27 12. 2 330 12 36. I Snn Jo•e 4. 3400 

Zaca Peak, top of high- 34 46 05. 771 1~7.8 67 31 16.3 247 12 55.0 Arguello 533q5.R 4.'727507 
est tree 120 OI 23. I 19 5 7.9 1~ 50 17.z 2~ 30 20. I Los pc 5~on.o 4. 740970 

13 39 39. ~:8 ~ ~:l 
'l'epusquct 21695.4 4.r,6367 

139 II 20. 4 Sau Luis 74900.4 4. 74464 
159 47 19. 0 339 38 50. 8 Sau Jose 64716.9 4. 811018 

Fremont Peak 36 45 27.·126 836. I 235 43 51. 2 55 53 35.5 Santa Ann ~1\jl!.o 4.465~ 
121 30 12. 397 307. 5 353 33 31.6 173 36 33. 7 Santa Lucia 294.9 4.8~3 

20 13 26.5 200 09 39.S Mount 'l'oro 27339. 0 4. 43 783 

Cuyama Peak, top 34 56 07. 012 216. 1 82 42 56. 2 262 34 53.8 Tepusquct 21575. 7 4.333~ 
119 57 o6. 6o3 167.6 85 48 20.4 265 25 53·~ Lospe 59914.0 4-~ 145 40 oo. 0 325 29 03. 1 Snu Jose 51131. 2 4. 

San Luis Obispo 2 35 18 09. 330 287.5 282 21 14. 6 IC2 25 57· 5 Snn Luis 12668. 7 4. I02732 
120 41 49. 766 1257.3 349 31 52. 0 t6g 35 01.6 Los~ 46o8g.9 4.663606 

140 55 04.2 320 42 28. 2 Roe y Butte 51955. 9 4. 715635 

Santa Cruz Peak, topt 34 ~ o6.18 190.4 IOI 37 28 281 04 38 Lospe Sg599 4.952305 
119 3 43. 51 11o6:9 Ill 37 25 291 18 54 'l'epusquet 53145 4· 725464 

Chaloue Peak, north· 

1 

36 26 52. ~ 1625.0 293 49 02 ll4 02 14 Hepsedam ~~~; 4.561243 
westpeakt . 121 II 41. 1037.9 351 55 32 172 00 20 Rocky Butte 4.942877 

Estrelli,Mountnin,hlgh- • 35 44 13.45 414.5 84 52 o~ 264 19 38 Rocky Butte ~~ 4.9~648 est nobt 120 07 55. 13 1385.3 140,oS 4 J20 01 28 Castle Mount 4.4 104 

Chiches Mountain, 
35 23 34. 29 1056.8 344 12 56 164 18 39 'repusquet 55~ 4. ~45143 

highest part t 
120 21 05. 51 139.1 115 27 IO 295 02 31 Rocky Butte 70934 4. 5o854 

36 ,. o9. 43 290.7 112 22 52 291 47 47 Mount Toro 955I2 4.g8oo58 
Centre Peak 120 37 22. 34 558.1 124 38 04 304 30 56 Hepsedam 2I952 

::~~~~ 145 II 01 324 49 lJ Santa Ana 95196 
I 

•No check on this position. t Check"'1 ou ly by vertical angles. 
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Station 

COAST AND GEODETIC SURVEY REPORT, 1904. 

Inland peaks-Continued. 

Sec· I J 

onds in Azimuth 
meters 

Back 
azimuth To station Distance J,oga

rithms 

I 
Latitude 

and 
lonuitude 

-------·-------· :------- --- ----··- -----1---------1----- -----

Olay Mountain 
0 I II 

32 35 40.73 
116 50 39· IS 

"'· I254.6 
1020.9 

Table Mountain, north 32 20 36.9.)8 11:11\.5 
end, Mex. I 116 55 41. 544 1o86. 3 

Table Mountain. south 132 19 58. IO I789· 7 
end, lllex. 116 55 03. 74 97.8 

Round Table Mountnin, I 32 18 31. 29 9()3. 8 
Mex. 116 45 44. 73 1170. I 

Laguna Mountain, cairn !' 32 53 32. 7721 1009. 4 
u6 25 13. 150 341. 8 

Cajon Mountain I ~2 54 53. 95 I661. 8 
116 49 10, 55 274. I 

North Peak 

0 I fl 

I25 30 46. 6 
J41 01 39. 8 
I42 43 21. I 
209 39 I6.4 
2;6 31 52. 7 

178 s6 21. 3 
204 I3 55. 0 
220 42 22. l 

I77 34 2~.8 
203 o8 30.4 
218 II 37. 5 

159 16 sB 
191 39 29 
193 01 31 

65 55 o8.8 
85 S7 07.4 

109 JI oo. 8 
166 49 46.9 

24 14 47.4 
78 ~8 s2. 2 

259 54 03. 2 
341 40 20. 4 

43 48 27.7 
73 41 57.3 

117 59 19. 2 

Middle Peak 32 58 49.52 
116 35 59· 22 

1525. 4 45 04 47. 9 

San Onofre Mountain 

San Gabriel Peak 

:r,ionsHead 

San Bernardino Merid
ian 

33 2I 51.22 
ll7 29 39. 74 

34 07 I4. 25 
JIB 55 53.01 

Peak, cairn 116 53 37. 748 
San Beru.ardino ~ast 

1 

34 07 29.3I7 

Old Baldy Peak, cairn 

Old Grizzly Mountain, 
cairn 

34 I7 2I.664 
ll7 38 44. 930 

1537· 6 75 SI 28. 5 
Il9 29 48.3 

i578.o t26 33 26.3 
1027. 4 I74 35 07. 9 

29B 56 54.3 
338 40 i6. 5 

1125. 0 
I353·7 

439· I 
I358.5 

21 45 07.9 
289 32 26.0 
302 27 34.6 
317 35 29. 0 
318 24 44.1 
337 19 OI.9 I 

232 37 03. 8 
261 37 37.4 
285 53 07. 8 
3o6 49 53· I 

3z6 35 I9. I u ~ ~::~ 
329 SS 41.6 
346 2I 56. 7 

13 I4 5S·9 
52 21 27.5 
7:\ 31 47. 4 
89 o6 49.4 
cf> 09 43.3 

~~ ~g ~t~ 
350 47 54.4 

5 24 41. 7 
II 31 10.5 
46 47 27.4 
93 12 22.4 

336 52 54. 7 
350 SS 50.6 

16 01 11. 7 
56 53 12. I 
74 45 5'-9 
76 33 11.5 
97 IS 24.5 

0 I II 

305 19 33· I 
320 32 33. 3 
322 40 23. 0 
29 47 00. I 
¢ 36 54.9 

3sB s6 o6.3 
24 23 20. I 
40 so 05.6 

357 ~ 48.s 

~~ :9 ~:u 
339 JI 22 
II 44 32 
13 04 54 

Soledad 
Niguel 
San Miguel 
Cuyaruaca 
Tecute 

San Miguel 
Cuyatnaca 
'l'ecate 

San Miguel 
Cuyamaca 
Tecate 

San Miguel 
Cuyamaca 
Tecate 

245 38 23. 4 ,Sosa
1
nedMaiguel 

z6s 30 02. 4 d 
289 04 57. o Cuyamaca 
346 41 15. o San Jacinto 

~; ~! ~: ~ ~j~~;T'el 
Bo 01 oo. 7 Cuyamaca 

161 44 36. o Tecate 

223 37 02, 2 
253 20 12. 0 
297 21 3I. I 

San Miguel 
Soledad 
Niguel 

224 53 51. 7 San Miguel 
25~ 30 I2. 8 Soledad 
298 52 30. 4· Niguel 

3o6 25 3i. 6 I Niguel 

f~ ~ ~n ~~II~~~~ 
l~ 48 13. O Sofedad 

201 37 IO. I 

:~ ~~ ~~:i 
137 47 36. 3 
138 43 39. 7 
157 31 13. I 

S2 48 I4. 0 
82 o6 57. 2 

105 58 03. I 
I27 09 50. 8 

146 43 27. 8 
230 55 02. 2 
275 47 47. 8 

150 02 53.8 
168 31 28. 7 
193 03 04.4 
232 00 02, 2 
253 03 28. I 
268 03 11.4 
275 30 22. 9 

120 47 32. I 
147 20 53.S 

:~~ ~: !~: ~ 
191 28 05.5 
226 24 18. 7 
272 40 05.6 

156 57 47. 2 
171 03 04. 4 
195 46 02. 7 
236 29 27. 8 
253 55 16. I 
256 02 32.9 
276 33 44. 5 

San Pedro 
San Jacinto 
Wilson Peak 
San Juan 
Santiago 
Niguel 

San Fernando 
Wilson Peak 
Castro 
San Pedro 

San Jacinto 
Santingo 
Wilson Peak 

San Jacinto 

~~fe"d..ldCa 
Santiago 
San Juan 
Castro 
'Vilson Peak 

San Jacinto 
Cuyamaca 
Santiago 
Niguel 
San Juan 
San Pedro 
San Fen1ando 

San Jacinto 

~f'e"da:ica 
Santiago 
San Pedro 
San Juan 
Wilson Peak 

m~te1·s 

46924. l 
1313¢. 9 
14201.4 
44972. 8 
14730. I 

39142. 3 4. 592(i467 
48495. 2 4. 6856988 
34532. 8 4. 5382323 

40369. I 4· 6o6o494 
74099· 9 4. 8698175 
34829. 2 4. 5419436 

45994. 2 4. 662703 
72269. 2 4. 8s8953 
3o821. 5 4. 488854 

52900. o 4. z2394s2 
78os9. 4 4. 8924252 
18409. 4 4. 2650404 

105096. 4 5. 0215879 

.6'565. 3 4. 4243140 
4:124. 2 4. 6140978 
20263. 6 4. 3o67166 
39191. 0 4. 5931863 

47553· I 4.6771786 
65072. 7 4. 81339BS 

12o867.5 5. o823097 

i4517.o 4. 648526I 

12~~;~:; t ~~~~; 
27676: 3 4. 4421o87 
386oo. 2 4. 58658¢ 
94906. 5 4. 9772961 
62387. 2 4. 7950955 

39703. 8 

a~~a 
74905.5 
81368. 8 

174566.0 
1o8179. 0 

103631. 0 
177416. 2 
65014.4 
86533.9 
42494. 6 
87667. 0 

87985.6 

34302.6 
129422.6 

I~~~;:~ 
145104.3 
86829.4 

u486<). 7 

4. 59BS321 
5. 1249971 
5. 1653537 
4. 8745139 
4.9104578 
5. 2419597 
5. 0341430 

·-·- ------------------ ·--------------''-------'------------"-----'-----' 



APPENDIX NO. 9. TRIANGULATION IN CALIFORNIA. 

Station 

Wntermnn Mountain 

Latitude 
nnd 

longitude 

0 I II 

34 18 57.41 
II7 55 33· 59 

Peak D 34 14 35. 45 
II8 05 53. 71 

Old Baldy Southwest 34 17 12. 99 
Penk 117 39 13. 73 

Mount Lowe 34 13 55. 23 
118 o6 19. 6o 

Toro Mount 33 31 25. 05 
II6 25 30.87 

Smith Mountain, high 33 21 46.69 
~eak ll6 50 o8. 92 

Cobble Back Mou11tni11 33 oo 30 73 
or Woodson Mountnin u6 SS 12:85 

I4ong Range :Mountain 32 48 46. 50 
or Cowles Mountain 117 01 42. 86 

Coast Range Double 33 o6 34. 46 
Peak or Cerro de las 117 10 37.·43 
Posas 

Tele1traph Peak 

Ontario Peak 

Mount Islip 

Cloud Peak 

Mount Disappointment 

Cucamonga Peak 

34 13 22.95 
II7 35 04· 64 

34 13 39.99 
II7 37 25. 14 

34 20 42.63 
II7 50 21,C)O 

34 13 20.00 
I17 35 09· 90 

I 

Inland peaks-Continued.. 

Sec
onds in 
meters 

IOg2. 3 
1374.4 

400.3 
351. 2 

1701. 8 
501.6 

771.8 
7¢.6 

946.7 
333.6 

1o61.6 
970. 5 

707. 2 
118. 8 

1232. 2 
643.5 

1313.6 
559. 7 

Azimuth 

0 ' " 

29~ 2~ 16 
33, ~ ~h 

15 18 52 
20 59 12 
29 55 32 
4l 46 16 

6 57 04 
16 59 23 
34 04 36 

IO 36 18 
46 34 57 
93 24 14 

282 19 18 
288 57 03 
315 59 34 
317 25 00 

14 49 31 
27 35 56 

101 42 39 
143 59 55 

335 02 JS 
7 •4 25 

120 56 3~ 

35 16 ~ 

ra~09 
76 25 05 

64 37 48 
g8 19 31 

120 o8 32 
127 05 36 

I IO 12 
13 12 30 
20 58 32 

Il3 56 23 
I18 51 46 
126 27 32 

Back 
azimuth I To .. <i= )n••~•ttl-~J 
.~~-:~~~~~ I 

o / 11 meters 
116 07 11 San Jacinto 127837 
158 45 18 San Juan 47861 

5. 106656 
4.679984 
4. 763641 
4.66o209 
4. 787281 
4.76o364 
4.813348 

181 25 57 Los Angeles SE. B. 58o28 

200
195 

5
14
1 

2
14
8 Los Angeles· NW. B. 45

1
7
2
3
75
1 

Los Cerritos 6 
209 45 o6 Dominguez Hill 57592 
221 30 30 West Bench 65o65 

186 54 54 
•¢ 54 44 
213 54 39 

190 33 29 
226 I2 04 
272 52 14 

102 20 48 
109 44 56 
136 II s6 
137 44 IO 

194 43 34 
207 19 12 
281 05 51 
323 SI 30 

:~~ :~ :,g 

I 

300 33 31 

215 09 44 
234 34 37 
249 56 53 

I 
256 IS 59 

244 32 47 
278 12 20 
300 OJ 18 
3o6 s8 30 

Lo• Cerritos 
Dominguez Hill 
West Beach 

San Juan 
San Pedro 
Snn Ferunndo 

Wilson Peak 
San Jacinto 
San ]nan 
Saullago 

Cuyamacn 
San Miguel 
Santiago 
San Jncinto 

Cuyamnca 
San Miguel 
Santiago 

Old Town 
Soledad 
Pine 
Town 

49526 
438oo 
48913 

42091 
86947 
87265 

4184 

'~rJB 
78331 

66155 
103374 
104932 
39962 

4.694832 
4,641475 
4.689426 

4. 624188 
4.939257 
4.94o842 

3.621558 
5· 145013 
4.689912 
4.893934 

4.820565 
5. 014413 
5. 020910 
4,6o1651 

5o876 4. 7o6515 
74500 4. 872157 
75426 4. 8n523 

34¢7 4. 543656 
32311 4. 509356 
28200 4.450336 
26811 4. 428317 

Old Town 16o12 4. 204457 
Solednd 20879 4. 319700 
Pine 24059 4. 381272 
Town 25509 4. 4o6688 

181 09 55 Old 1'own 39779 4. 5QQ652 
193 10 04 Solednd 307o8 4. 4S]246 
200 56 1 l Town 18778 4. 273641 
293 51 JS Kelly 14773 4. 169466 
2<)ll 45 II San Luis 21349 4. 329376 
3o6 21 19 Wire 21975 4. 341922 

355 14 54 175 16 36 Santiago 57023 4. 756o52 
9 58 04 189 53 05 Niguel 79994 4. 903056 

22 25 31 202 20 22 San Junn 3~1 4. 569148 r. ~ ~ ~~~ ~ ~! ~~~~!~~es SS. B. ~723~ g~~ 
31 26 31 2II 15 50 Los Angeles SE;. D. 

1

1 56476 4. 751866 
46 32 36 226 14 29 Los Cerritos 688o3 4. 837007 
49 27 19 229 12 46 Los Angeles NW. B. 52688 4. 721713 
54 47 34 234 26 59 Dominguez Hill 69412 4. 841434 
61 35 24 241 09 30 West Beach 81o81 4. go8g17 
8g 31 12 209 16 26 Wilson Peak 403o8 4. 6oS393 

348 51 38 i 168 55 04 Snn Juan 48748 4.6S7g6o 
8 47 48 188 44 22 Los Angeles SE. B. 61977 4. 792228 

26 22 26 2o6 11 33 Los Cerritos 67451 .4· 828987 
34 39 59 214 26 JS Dominguez Hill 64609 · 4. 810294 
« 47 31 224 28 51 West Beach 72891 4. 862672 
49 15 o8 229 01 32 Buennvistn 49170 4.691704 

68 19 07 248 oo 15 Old Town 58468 4. 766916 
79 03 33 2sS 42 30 Soledad 616o2 4. 789595 
90 38 14 270 17 15 To,vu 6o125 4 779053 

III 39 36 291 14 20 San Luis 77412. 4:8888o5 
113 49 52 293 24 57 Wire 77516 4· 889393 

343 19 07 163 24 34 Los Angeles SE. B. 52524 4. 720357 
353 03 36 173 05 13 LosAngelesNW.B. 366g8 4.564640 

16 o6 59 1¢ 02 33 Domi11~ue:r; Hill 44oo6 4. 643511 
31 01 36 210 56 s6 Buennvtstn 24778 4. 394071 
33 15 22 213 05 37 West Beach 489'4 4, 689430 

616.31 48 50 54 228 31 32 Los Cerritos 70949 4.850947 
2~3.4 56 48 16 236 26 25 Dominguez Hill 71929 4.856904 

~~-2-3~-'--2-42~3-9_•_3~"-'-~-e-st_B~ea_c_h~~~--'-: -8-386~''~~1 ~4-·9_2_35_6_1~ 



COAST AND GEODETIC SURVEY REPORT, 1904. 

Inland peaks-Continued. 

i Latitude s~-1 Dack 

I ~~~~nee! l,oga-

I I 
Station • and onds !t1 Azitnuth To station 

longitude meters azimuth rithms 

! 
0 ' " 0 ' " 0 ' " 

I 
"'· meters 

Peak:z6 34 20 47.65 1468,3 290 30 00 Ill :z6 04 San Jacinto 164809 5· 21698<> 
IJ8 20 46, 71 u93.8 ~i~ ~~ ~h IJ7 27 35 Wilson Peak 29~76 4.470936 

130 41 17 San Juan 73865 4.868441 

i 
High Knob Mountain 33 12 44.66° 1375.9 67 13 54 247 "9 21 Kelly 13<)82 4.1~ 

ll7 II 00, 97 25. l Bo 31 ~ 26o 26 43 Fire :3~I 4• l 454 
86 31 266 24 46 San Luis 4.2 173 

I 
95 31 55 275 25 54 Wire 17144 4.234II6 

Pola Mountain or Mor- 33 22 13,~ 4lg.8 25 51 03 205 41 05 . Soledad 65320 4.815oi5 
gan Hill u6 56 52. 134 ,3 31 14 28 211 "4 35 ' Town 54295 4. 7347 3 

s6 44 36 236 32 lh Kelly 41721 4.620~1 
61 22 09 241 "9 l Fire 41463 4.617 3 
65 "9 ~ 244 55 00 San Luis 44162 4.645045 
67 57 247 43 50 Wire 42123 4.624517 

Santa Maria Mountain 32 s8 ~·99 1663.1 14 22 43 !'.f,~~ 
Old Town 26410 4. 4217']6 

or Black Mountain 117 o6 5 .69 1471.9 62 ~ 39 Pine 14521 4.162004 
74 40 254 54 19 Town 128¢ 4.110450 
l~ o6 16 ~:ii~ 1~ 

San Luis mf6 4.538947 
13 24 ~ Kelly tlli~~ 139 21 319 13 42 Wire 35915 

Ragged Peak or Lyons 32 42 07.41 228. 2 87 5• 38 267 47 02 San Miguel 16230 4. 210327 
Peak 116 45 46, 71 1216.7 l~ ~ ;~ ~ 40 38 Old Town 

~ 
4.6o2054 

19 38 Soledad 4.~000 
121 25 20 301 09 31 Town 53251 4 7 329 
208 2t "9 28 2c 15 Cuyamaca 3o859 4.489385 
332 44 02 152 ~6 26 Tecate 15294 ·+ 184529 

Santiago Northwest 33 43 II.26 346.9 262 15 40 82 44 30 San Jacinto 8o787 4.907339 
Peak 117 32 36.79 947.2 317 44 00 137 44 ~ Santiago 1363 ~:~~~~~ g7 31 .46 217 27 Nif,,uel 28969 

5 18 49 244 52 45 Ca Jina Peak 87721 ::~~~ 92 28 19 272 "4 17 San Pedro 73443 

Sharp Peak or Straw- 34 17 00. 70 21.6 290 57 37 III 4~ s8 San Jacinto 142701 5. 1544"6 
berry Peak 118 07 05. 70 145.8 321 26 16 141 2 12 WilsOn Peak 44~~ 3· 9"6847 

¢ 45 36 276 29 18 San Fernando 4.650135 

Saddle Mountain l 34 "4 33.70 10~.4 95 22 48 275 18 32 Castro l~sS 4.070336 
n8 39 29. 82 7 ,6 190 42 23 10 44 20 San Fernando 2 72 4.457453 

253 14 35 73 34 42 Wilson Peak 57468 4. 759427 
320 40 47 140 51 36 San Pedro 47218 4.674103 

Saddle Mountain 2 ~ 04 42,26 1302.2 93 59 30 273 55 ~ Castro 12054 4· o8n39 
l 39 17.39 445.9 127 55 24 307 42 2 Santa Clara ~775 4.651036 

190 to 28 10 12 18 San Fernando 354 4.i52622 
321 II o~ 141 21 43 San Pedro 47222 4. 74140 

San Antonio Mountain, 34 21 02.62 So.b 353 21 00 173 23 03 San Juan ~8777 4.688215 
north peak II7 47 ,55. 16 1409. 12 05 32 192 00 44 Los Angeles SE. B. 3262 4.8ou45 

26 27 lJ 2o6 18 30 Los Angeles NW. D.

1 

~? 4.k87g1 
28 55 sB ~~ !~ ~ 

Los Cerritos 4. 34 2 
37 01 02 Dominguez Hill • 67301 4.828o23 
53 42 14 233 23 13 De Camp 64610 4.810301 

White Cone (San An- 34 21 32. fi6 
1oo6.i I 357 J'.1 49 ·177 13 42 Sau Juan I 49435 4.694030 

tonio) or North Baldy n7 45 48. 82 1247. 14 43 41 194 37 42 Los Angeles SE. B. 64r• 4. 812327 
29 00 52 2o8 51 00 Los Angeles NW. B. 55 72 4. 747191 

Black Knob or Iron 34 17 19.32 
5§5·31 

3 o8 36 183 07 46 San Juan 41632 4.619431 
Mountain 117 42 46,41 II 7.0 21 05 16 ~~ ~~ ~ 

Lo~ Angeles SE. B. g= 4. 770182 
37 45 30 Los Angeles NW. II. 4.715236 

Wilso11 Peak, Harvard t3 13 :z6. 79 825.g I 346 50 II 166 54 14 I,o.; Angeles SE. B. 49107 4.~n41 
Ob!ervatory Station 1 03 45,0J Il52. 359 04 41 179 04 52 Los Angeles NW.B. 33932 4. 53o609 

Margarita Peak 33 26 40.92 126o. 71 348 24 44 168 27 00 Kelly 31829 4. 502824 
117 23 25.24 65J.9 350 II 00 170 12 43 Fire 28594 4.456277 

357 27 El> 1~7 28 22 San Luis 26<}o6 4·~ 
103 22 45 231124 Nitr.:el 32786 4.51 

llil: 
144 29 42 324 07 1; W1 son Peak 1o6419 5· 027021 

Boundary Mon. 245 • 32 34 25.77 102 29 41 282 28 43 Tecate 288o . 3.45944 
116 39 30.24 

' 
Boundary Mon. 246* 32 34 16.16 i97·B, ~2 18 3~ 12 18 41 Tecate 941 

I 2.~341 116 41 25. ']6 11.9 I 4 22 4 84 23 So Bound. Mon. 245 3028 3. 116 

*No check on this position. 
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DESCRIPTIONS OF STATIONS. 

This list may be conveniently consulted by reference to the illustrations at the end 
of this appendix and to the index. 

In each desci:iption 'the tense used is appropriate to the date at which the descrip-
tion was written. · 

All directions in the descriptions are given in the form of azimuths reckoned con
tinuously from south around by west to 360°, west being 90°, north 180°, and east 270°. 
The azimuths are true, not magnetic. 

In general the surface and underground marks described are not in contact, so that 
a disturbanLe of the surface mark will not, in general, affect the underground mark. 
The underground mark should be resorted to only when there is evidence tha..t the sur
face mark has been disturbed. 

Any person who finds that one of the stations here described is disturbed, or that 
the description no longer fits the facts, is requested to send such information to 

SUPERINTENDENT, 
COAST AND .GEODJtTIC SURVEY, 

Washington, D. C. 

GENERAL NOTES IN REGARD TO STATION MARKS. 

NOTE 1.-The method of marking each station referred to this note was as follows: 
A glass bottle buried neck up with its top about 20 inches below the surface of the 
ground was the underground mark. A redwood stub 2 by 3 inches in cross section, with 

I 

several inches left protruding and having a nail driven in its top, marked the station at 
the surface. Coal cinders were placed in the hole with the earth in filling it and placed 
on the surface around the center mark. As witness marks the three stubs, 2 by 3 
inches in cross section, which supported the theodolite stand were left in position. 

NOTE 2.-The station was marked by the center of the upper end of a 4-inch. 
earthenware pipe buried in the ground and filled with coal cinders and ashes. Three 
stubs, each with a fencing staple in the top, were driven around the center. 

NOTE 3.-A station referred to this note was marked in 1860 by a redwood stub 
with a composition nail in the top, surrounded by four similar stubs. In 1878 the 
center was re-marked by a stone, usually 6 inches long by 3 inches in diameter, with a 
leaden bolt and copper nail in the top, the nail marking the center of the station, and 
buried from 1 to 3 feet under the ground. Above this was set even with the surface 
a stone about 8 inches square, with a drill hole marking the center of station, surround~ 
by three redwood stakes, each l foot from the drill hole, and by three large stones 
with drill holes in the top buried even with the surface of the ground, ranging approx
imately north, southeast, and southwest, and distant 15 feet, each surrounded by three 
redwood stakes, distant I foot from the drill hole. 

NOTE 4.-A station referred to this note was marked by a fiat stone, in which a 
hole was drilled, buried 3 feet below the surface of the ground. Over this was a pine 
·stub projecting 6 inches above the surface and having a copper tack in the top. Three 
stubs, each with a copper tack in the top, were driven in the ground, each 6 feet from 
the center, and three bottles were buried 1 foot deep, each pointing to the center. 
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NOTE 5.-A station referred to this note was marked at the center by a stone, with 
a ~-inch drill hole in the top, buried 10 to 14 inches below the surface. The reference 
marks were on similar stones or in the solid rock, each a ~-inch drill hole filled with a 
lead bolt and copper tack, with an arrowhead pointing to the center of the station. 

NOTE 6.-The underground mark was a glass bottle buried 3 feet below the sur
face. A pine or· redwood stub, projecting from 6 inches to l foot, with a copper tack 
in the top, marked the center of the station. Three witness stubs were driven into the 
ground to the north, south, and east, each with a copper tack in the top, exactly 6 feet 
from the center of the station. 

NOTE 7. -The· center of the station was marked by a drill hole in a fl.at stone buried 
3 feet below the surface. Over this was a redwood stub, with copper tack in the top, 
driven even with the surface of the ground. One foot below the surface and 6 feet from 
the center, three glass bottles were buried, with their necks pointing toward the center. 
Three redwood stubs were driven even with the surface, each with copper nail in top, 
4 feet from the center, approximately north, south, and east. 

NOTE 8.-The underground mark was a bottle buried 3 feet below the surface, and 
the surface mark a redwood stub over the center. \Vhere the station was on rock the 
center was marked by a drilled hole filled with lead. Two stubs were placed in line and 
one at right angles thereto, each 6 feet distant from center. 

NOTE 9.-The underground mark was a glass bottle, buried 3 feet beneath the sur
face. A pine or redwood stub, projecting 1 foot or more, with a copper tack in the 
top, marked the center of the station. Three witness stubs were driven even with the 
surface of the ground, to the north, south, and east; each with a copper tack in the top, 
6 feet from the center of station. Three bottles, with the necks pointing to the center 
of station, were buried l foot deep. 

NoTE lo.-A stone bottle was buried, neck up, from 2~ to' 4 feet underground. 
A redwood stub was driven 20 inches in the ground, and the center of the top marked 
the station. The three redwood theodolite stubs, their tops even with the center, 
sometimes with a fencing staple driven in each, were left as reference marks. 

NOTE 11.-A glass bottle was buried 3 feet below the surface, and three stubs, 
each with a copper tack in the top, were placed to the north, south, and east. 

NOTE 12.-A copper tack in the top of a redwood stub, 2 feet in the ground, 
marked the center. Three or four similar stubs were placed 3 feet from the center. 

NOTE 13.-A copper tack in the top of a redwood stub, 2 feet in the ground, 
marked the center. Three similar stubs were placed 3 feet from the center to the 
north, south, and west, and :;ometimes a fourth stub at the same distance to the east. 

NOTE 14.-A stone with a drill hole to mark the station was placed with the top 
3 inches below the surface of the ground, and three similar stones were placed 3 feet 
from the center to the north, south, and west. Three redwood stubs, each with· a 
copper tack in the top, were placed 3 feet from the center to the east, west, and north. 

NOTE 15.-A copper tack in the top of a redwood stub, driven 2 feet in the 
ground, marked the center. Three similar stubs were placed 3 feet to the north, east, 
and west of the center. 

NoTE 16.-The center was marked by a redwood stub projecting a few inches above 
the ground, with a copper tack in the top. Similar stubs were placed 6 feet from the 
center. 
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NoTR 17.-The station was marked usually by a hole in the bottom of a stone 
bottle set in the ground, neck down, even with the surface, and by four similar bottles 
placed 2 feet from the center to the north, east, south, and west; sometimes (as stated 
in description) by the center bottle only or by reference bo.ttles only. 

No'i'R ·18.-A glass bottle was buried 3 feet deep, and three stubs, each with a 
copper nail in the top, were placed 3 feet from the center to the north, south, and east. 

NoTE 19.-A stone 6 inches square, or less, and 6 to 12 inches long, was buried 
8 to 18 inches beneath the surface of the ground. In the top of it was a drill hole, in 
which a copper tack was leaded. Above this was placed, even with the surface, another 
stone, in the top of which a copper tack was leaded. Three or four redwood stakes 
were driven in the ground, each r foot from the center; and three stones, each with a 
drill hole in the top, were placed to the north, south, and west, 15 feet from the center, 
and each surrounded by three redwood stakes driven in the ground l foot from the 
drill hole in the stone; 

NoTE 20.-A brickbat was buried even with the surface of the ground, and an 
iron spike driven in a lead bolt in the top marked the center. Four redwood stubs, 
each with a copper tack in the top, were placed to the north, south, east, and west, 2 
feet from the center .. Sometimes the three theodolite stubs were left, but these had no 
copper tacks in the tops and had no reference to the center. 

NoTE 21.-Four redwood stubs, each with a copper tack in the top, were placed 
approximately north, south, east, and west, and equally distant from the center. Lines 
joining them diagonally intersect at the center. 

NoTE 22.-A stone with a hole drilled in the top, in which a copper tack was 
driven, with or without a lead bolt, was buried 3 feet below the surface of the ground. 
On it rested a redwood stub, projecting I foot above the surface, with a tack in .the top 
marking the center. 

NoTE 23.-The center was marked by a tack in the tqp of a redwood stub 3 feet 
long driven in the ground. Similar stubs were placed 6 feet from the center to the 
north, south, and west. Stones were piled around the stubs. 

NoTE 24.-The center wa8 marked by a glass bottle, sometimes stated to be buried 
3 feet deep, and by four redwood stubs, each with a tack in the top driven in the 
ground to the north, south, east, and west. 

NoTE 25.-The center was mai:;ked by a cider bottle, buried neck up, 3 or 4 feet 
below the surface of the ground. Four stubs were driven in the ground to the north, 
south, east, and west, each 6 feet from the center. 

NoTE 26.-The station was marked by a nail in the top of a redwood stub 1 ~ feet 
long driven about 3 inches below the surface of the ground. The reference marks were 
four redwood stubs, each with a nail in the top, placed 3 feet from the center to the 
north, south, east, and west. · 

NoTE 27.-The station was marked by a copper tack in the top of a stub about 2 
feet long, projecting a few inches above the ground. Similar stubs were placed 6 feet 
from the center to the north, south, and west. 

NoTR 28.-The station was marked by a copper tack in the top of a 2 by 3 inch 
stub, 3 feet long driven in the ground. Three similar stubs were placed to the north, 
south, and west, each with three copper tacks in the top, the center one of each being · 
6 feet from the center of the station. Usually rocks were piled around the stubs. 

10277--04--42 
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NOTE 29.-The station was marked by a bottle buried 3 feet underground, with a 
redwood stub resting on the neck of the bottle, the top of the stub even with the sur
face of the ground. Three .witness stubs were placed, each 6 feet from the center, to 
the north, south, and east. 

NOTE 30. -The center of station was marked by a stone bottle buried 4 feet below 
the surface of the ground, neck up. On top of this was placed a redwood stub, 2 by 2 
inches, with the top even with the surface of the ground .. The witness marks were stubs 
with copper tacks in top, buried even with the surface of the ground, approximately to 
the north, south, east, and west, and distant 2 feet from the center of the station. 

NOTE 31.-The center of the station was marked by a stone bottle, buried 3 feet 
below the surface of the ground, neck up. Over this was placed a redwood stub, 2 feet 
long, with the top even with the surface of the ground, and with a copper tack in the 
top marking the center of station. Three redwood stubs, each with a copper tack in 
the top, were placed even with the surface of the ground at the distances given in the 
description. , 

NOTE 32.-A fl.at stone, in which a hole was drilled, was buried 3 feet below t.hc 
surface. Over this was a pine stub, projecting 6 inches above the surface of the groUIHi 
and having a copper tack in the top. Three stubs, each with a copper tack in the top, 
were driven in the ground, 6 feet from the center to the north, south, and east. Three 
bottles were buried around the station 1 foot deep, pointing to the center. 

NOTE 33.-A stone with a hole drilled in the top was buried 3 feet below the sur
face. On it rested a redwood stub projecting 1 foot above the surface with a tack in 
the top marking the center. · 

NOTE 34.-A stone bottle was buried, neck up, from 2~ to 4 feet underground. 
A redwood stub was driven 20 inches in the ground and the center of the top marked 
the station. Four small stubs were placed each 20 inches from the station. Three 
redwood stubs, with their tops even with the surface, sometimes with a fencing staple 
driven in each, were also placed around the station. 

NOTE 35.-The station was marked by the intersection of the diagonals drawn 
from composition tacks in the tops of four redwood stubs, placed 2 feet from the center. 

NoTE 36.-The station was marked by a redwood stub. Four similar stubs, with 
a composition nail marked with a cross in the top of each, were placed to the north, 
south, east, and west, 2 feet from the.center. 

NoTE 37.-The station was marked by four redwood stubs, sometimes 2 by 3 
inches, each with a copper nail in the top, placed to the north, south, east, and west 
2 feet from the center. There were also three or four uther stubs around the center, 
sometimes with a copper nail in the top. 

NOTE 38.--The center of the station was marked by a redwood stub. Four red
wood stubs, each with a copper tack in the top, were placed approximately north, east. 
south, and west and equally distant from the center. Lines joining them diagonally 
intersect at the center. 

PRIMARilt~. 

Pah Rah (Washoe County, Nev., W. Eimbeck, 1874, 1878).-0n the northernmost 
of the three principal summits of the Virginia Mountains, the middle one, about 3 
miles south, being the highest; just south of Pyramid Lake, in the great bend of the 
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Truckee River, 26 miles north 44 ° east from Reno, and I 2 miles north 44 ° west from 
Wadsworth. It is visible from both places and may be reached from either place by 
road and trail-35 miles from the former and 20 n1iles from the latter place. The cen
ter was marked by a half-inch copper bolt cemented into the bed rock as a subsurface 
mark, over which a stone slab, with a U-inch drill hole in the center, was firmly 
cemented in position as a surface mark. Around the station was built to serve as a 
wind-break a rougho stone circular wall, about 8 feet interior diameter, with an opening 
to the northeast. A stone pier, bearing north 37°.26 east and distant 8.5.feet ~rom the 
station, was left standing as a reference mark. 

Mount Como (Douglas County, Nev., W. Eimbeck, I879).-9n a sharp conical 
peak of the Como range of mountains, lying between Carson and Mason valleys, about 

, 20 miles nearly due east from the. town of Genoa, about 20 miles southeast from Carson 
·City, and about I7 miles southeast from Dayton. The subsurface mark was a ~ by 4 
inch copper bolt, leaded into a large and well-bedded granite rock. The surface mark 
was a ~-inch drill hole in the center of a large flat stone, I9 by 22 inches square 
and 5 inches thick, firmly cemented to the top of a stone and brick pier built over and 
,around the lower mark to a height of 9 inches above the bolt. A ring wall of stone, 
resembling the figure 6, built to serve as a wind-break, was left standing. Lieutenant 
Wheeler's monument, about 35° west of south and IO feet distant from the station, 
forms part of the wall. Two piers, one north and one south, were left standing as ref
erence marks. Drill holes were made in the rock-one in line to Round Top, distant 
6.25 meters; one in line to north pier, distant Io.6 meters, and one in line to south 
pier, distant 7.24 meters from the station. The angle at the center between the south 
pier and Round Top is 71° oI', and between Round Top and the north pier is I29° 5I'. 

Mount Grant (Esmeralda County, Nev., A. F. Rodgers, I878; W. Eimbeck, I879).-
0n a high peak on the Wassuck Range, about 7 or 8 miles west of the southern end of 
Walker Lake. The mountain can be easily recognized by its three sharp peaks, one of 
which, King Peak, stands high above the others. The station is on the central peak, 
about 200 meters north of King Peak. The nearest railroad station (I 882) is Haw
thorne, just south of Walker Lake, on the Centralia and Chester Railroad, and distant 
about IO miles from the mountain. The center of station was marked by a copper bolt 
sunk in a rock embedded in a stone and brick foundation pier, the top of which extends 
about 8 inches above the bolt, with a center pit in which a notice of approximate height 
and geographic positon was embedded in cement. A stone ring wall I5·5 feet interior 
diameter, with a long wing projecting. to the southward and curving around the vertical· 
circle pier (distant 32.5 feet from the center) was left standing. The wall and piers 
will serve as good reference marks for identifying the station. 

Rouf!d Top (Alpine County, Cal., W. Eimbeck,' I876; G. Davidson, I879; W. B. 
Fairfield, I 893). -On the crest of the Sierra Nevada Range of mountains on the highest 
and most easterly pinµacle, popularly known as Round Top, about 1 mile south of 
Carson Pass or the main summit of the Amador Grada. It can be reached via Carson 
City, thence by stage via Genoa to Woodfords, 32 miles distant, thence by wagon or 
horseback up Hope Valley to the summit of the Amador Grada. The ascent to the top 
of the peak must be from west or northwest. The station was marked by a copper bolt 
~ inch in diameter, set in a drill hole in the rock. Above this was built a pier of 
rough stone masonry. Three other piers were built-one a little east of north and the 
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other two nearly west of the station, and all were left standing to serve as reference 
marks. No difficulty was experienced in finding the point when it was visited in 1893. 

Mount Conness (Tuolumne County, Cal., L. A. Sengteller, 1879; R. A. Marr, 
1879; P. A. Welker, 1887; G. Davi.'dson, 1890).-0n a lofty peak of the Sierra Nevada 
Range, about 25 miles a little east of north from the Yosemite Valley, about 10 miles 
north of Soda Springs in the Tuolumne Meadows, and about 30 miles southwest of the 
California and Nevada boundary; on the highest pinnacle of the-summit, which is a 
very small irregular crag. The sheer descent around four-fifths of the summit is over 
1 ooo feet to the talus. The station was marked by a cross cut on top of a copper bolt, 
¥s inch in diameter by 6 inches long, projecting 3Yz inches above the solid rock. 
Above this was built a solid concrete pier 26 inches in diameter and about 40 inches 
high. In its upper surface was embedded a copper bolt ¥s inch in diameter by 4 inches 
long, having a broad spherical head with a small silver pin in the center. A cross cut 
on the head of the bolt, ~little to one side of the silver pin, marked the station. 

Mount Lola (Nevada County, Cal., W. Eimbeck, 1876; G. Davidson, 1879; W. B. 
Fairfield, 1893).-About 25 feet northwest from the highest part of the southernmost 
summit of the high ridge between Weber and Independence lakes and the town of 
Meadow Lake. Independence Lake lies at the southeast base of this ridge and Browns 
Valley is on the opposite side. The best route to the station from Truckee is by way 
of Jansen's hotel at the east end of Independence Lake, thence up the eastern slope of 
the mountain to the station. The station was marked hy a cross cut on the top of a 
¥a-inch copper bolt set in a heavy capstone firmly embedded in a rough stone pier laid 
in cement. This capstone was about 15 inches above the natural surface of the ground 
and 3 feet 9 inches above the base of the pier. The pier was then built higher, and 
surmounted with another capstone 24 inches square with a hole drilled through it, 
marking the point. The pier was surrounded by a stone wall, about 6 feet distant, 
to serve as a wind-break. Three brick piers on stone foundations-one north 36° .5 
east, distant 27 feet 9Yz inches; one north 44°.8 east, distant 31 feet 3 inches, and the 
other north 27°.75 west-were left standing as reference marks. No difficulty was 
experienced in finding the point when visited in 1893. 

Mount Diablo (Contra Costa County, Cal., R. D. Cutts, 1852; George Davidson, 
1858~. W. Eimbeck, 1876; J. J. Gilbert, 1880; George Davidson, 1884; George Davidson, 
1892).-Close beside the highest rock on the summit of Mount Diablo. In all direc
tions, except by the crooked approach along the ridge, the summit falls off rapidly. 
The second peak of Mount Diablo stands to the eastward. The subsurface mark was 
a cross in the top of a copper bolt sunk and cemented into the solid rock. Over this 
was a pier, and the center of the station was marked by the intersection of cross lines 
on the top of a U-inch copper bolt cemented in flush with the top of the pier. On the 
top of the bolt are also two other lines, and in the west angle of their intersection a 
hole. The intersection of cross lines, which marks the station, is three-sixteenths of 
an inch to the southeast of this hole. The pier from which vertical angles were 
observed (later reported as in ruins) was 144. 74 feet west of the station, and inside the 
curve of the wagon road. The latitude pier was 27. 7 feet southwest of the vertical 
angle pier and 167.84 feet west of the station; the transit pier was 32.5 feet southwest 
of the vertical angle pier. 
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Mocho (Santa Clara County, Cal., W. Eimbeck, 1875; L. A. Sengteller, 1879; 
E. F. Dickins, r886; J. S. Lawson, 1887).-0n the suinmit of the highest peak of the 
group of mountains lying to the eastward of Santa Clara Valley, on the eastern flank of 
the Mount Diablo Range and overlooking the Sap Joaquin Valley; about I I~ miles 
northeast from the Lick Observatory on Mount Hamilton and about 30 miles southeast 
of the town of Livermore. The station was marked in 1879 by a copper bolt sunk in 
the rock, over which, in 1887, was built a concrete pier 45 inches high by 24 inches 
square, enlarged at the top to 26 inches, to receive the theodolite. · 

Mount Helena (Napa County, Cal., W. Eimbeck, 1876; B. A. Colonna, 1879; E. F. 
Dickins, 1891).-0n the summit of Mount Helena, about 12 miles to-northward of 
Calistoga. The station was marked by a fine dri11 hole and a cross cut in the top of a 
~-illch copper bolt 5 inches long, cemented into a ~-inch hole in the bed rock and 
projecting 7i inch. Over this was built a pier 3 bricks square, 43 inches above the 
ground, with a drill hole in the center bricl,c to mark the station. The collimator pier 
was 7.45 feet northwest of the station, 6I inches' high, and 2 bricks square. The transit 
pier was 55 feet I I inches southwest of the station, 3.25 feet high, and 2 bricks by 3 
bricks. East of the transit pier and 58 feet 2 ~ inches from the station was the latitude 
pier, 3.05 feet high and 2 bricks by 2~ bricks, and with a space of 3.5 feet between 
the adjacent sides of the two piers. Fifty-five and one-half feet from and a little south 
of east of the latitude pier and ·109 feet 3~ inches from the station was the vertical 
angle pier, 3.65 feet high and 2 bricks square. Seven feet I U inches northwest of the 
station is a mark on the boundary of Lake and Napa counties, a basaltic rock with a 
large drill hole. 

Mount Tamalpais (Marion County, Cal., George Davidson, 1859-60; E. F. Dickins, 
1881; J. F. Pratt, 1882; George Davidson, 1882).-0n a bold ridge running east and 
west, about 10 miles north of the Golden Gate, on the top of the western and highest 
of three peaks. The center of the station was marked by a stone bottle set in concrete, 
with the neck 20 inches below the surface· of the ground. Over this was built a stone 
and concrete pier about 36 inches in diameter at the base and 26 inches at the surface. 
Here there was placed an irregular-shaped stone, the top even with the ground, with 
a copper bolt to mark the center of the station. Upon this was built a pier with the 
same diameter to a height of 24 inches from the ground, where a stone bottle was 
placed and the pier continued 29 inches higher. In the top was put a rs-inch copper 
bolt, with a hole marking the center of station. The reference marks were three 
stones, with drill holes in the top, on the surface of the ground, each 6 feet from the ' 
center, one along the ridge to the east, one to the south, and the other to the west. 
In a rock 18 feet g?i inches distant from the center was a mass of lead. There were 
three other concrete piers-one bearing north 76° 47'west (true), distant 18.36feet; one 
north 79° 48' west (true), distant 23.20 feet, and one north 5° 54' east (true), distant 
41. 12 feet from the center. 

Vaca (Napa-Solano County, Cal., W. Eimbeck, 1876; G. Davidson, 1880).-About 
7 miles west of Vacaville on the top of the first summit to the south of the culminat
ing ridge of the Vaca range of mountains bordering on the Sacramento Valley and 
Putah Creek, on a bold escarpment of sandstone whose western front is quite steep for 
some distance. The underground mark was a soda-water bottle of flint glass, filled 
with sand and buried neck up, wi~1 the ·top 1. 18 feet below the surface, a copper nail 



622 COAST AND GEODETIC SURVEY REPORT, 1904, 

in the center of the neck marking the station. Over this was built a rough stone pier 
laid in Portland cement. The center mark at the surface was a copper bolt ~-inch in 
diameter and 5 inches long, projecting about one-fourth inch and having a silver pin in 
it, set in cement in a large stone in the center of the piei:. The top of the pier was 3.44 
feet above the underground mark. The astronomic piers, built of concrete, situated as 
follows, serve as reference marks: vertical circle pier south 6° 02' east (true), distant 
15.9 meters, and zenith telescope pier south 58° 42' east (true), distant 72.1 feet from 
the station. 

Monticello (Yolo County, Cal., W. Eimbeck, 1876).-In the extreme northeast 
corner of section 4, township 9 north, range 3 west of the Diablo mei;idian, on the 
highest summit of the mountain range lying between the Sacramento and Berryessa 
valleys, about 5 miles north ward from the. town of Monticello in the lower portion of 
Berryessa Valley. It may be most readily approached from this town, from which it is 
visible. The lower underground mark was a loaded metallic cartridge placed ball 
downward in a half-inch hole, 1 ~ inches deep, drilled in the bottom of a 6-inch round 
hole 1 foot deep excavated in the sandstone rock, the top of the cartridge being 2.5 feet 
below the surface. Over this was placed a stone about 4 inches square and 1 foot long, 
with a copper bolt in the top, its top being 1. 1 feet below the surface. · A rough stone 
foundation was laid over this and crowned with a large .stone coming even with the 
surface. As a surface mark, a copper bolt ~ by 5 inches, with a silver pin in it, was set 
in cement in a hole drilled in this stone. The bolt projects about one-fourth inch above 
the stone. A rough stone theodolite pier was then built to a height of 3.84 feet and 
capped with a fl.at stone 32 inches square, having cross lines on it. The reference 
marks were the transit pier, 31.288 feet north and 3.687 feet east of the station; the 
latitude pier, 3I.413 feet north and 8.823 feet east of the station, and the vertical circle' 
pier bearing south 38° 17' east (true) and distant 19.786 meters from the station. 

Yolo Southeast Base (Yolo County, Cal., G. Davidson, 1876, 1880).-In the north
west quarter of section 19, township 8 north, range 2 east, Diablo meridian, 3}11 miles 
west and 1 }11 miles south of Davisville and about 25 meters from the left bank of 
Putah Creek. The subsurface mark was a fine needle hole in a German-silver plug 
inserted in a copper bolt in the top of a granite block 35 inche..5 long by 20 inches 
square at the base and dressed to I 2 inches square at the top and ha~ng the letters 
U. S. C. G. S. deeply cut on it. The top of the block was 4~ feet below the surface 
and a glass hemisphere was placed over the copper bolt. The surface mark was a fine 
needle bole in a copper bolt set in lead on the top of a granite block 25.incbes square 
by 26 inches deep having the letters U.S. C. S.S. E. YOLO BASE cut on it. The 
top of this block was even with the surface of the ground and the block itself was in 
the center of a solid brickwork pier, having a base of 70 inches square at a depth of 50 
inches below the surface, battering to 54 inches square at the surface. This brickwork 
was carried up as a hollow pier to a height of 33U feet above the ground and capped 
with a granite slab 40 inches square by 8 inches thick with a 1 U-inch hole in the 
center. Charcoal and charcoal dust were mixed with the earth in filling in around the 
subsurface part of the structure. Four reference marks we.re set, consisting of granite 
blocks 1 foot square and 1 U feet high, with copper bolts and drill holes in the top. 
They were incased in brickwork with their tops 18 inches below the surface. Two 
were set in a line to Yolo Northwest Ba~ at distances of 18 'feet IIn inches and 327 
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feet 10 inches from the center and two at right angles thereto eastwardly at distances of 
20 feet ¥s inch and 328 feet 5-h inches from the center. 

Yolo Nortliwest Bq,se (Yolo County,. Cal., G. Davidson, 1876, 1880).-In the 
extreme southeast corner of the southeast quarter of section 28, township IO north, 
range 1 east, Diablo meridian, 4,73 miles west of the railroad passing through Wood
land, and immediately on the north side of th~ country road running west toward 
Madison and Copay Valley. The marking at this station was practically identical 
with .that at Yolo Southeast Base, with the exception that the hollow brick pier was 
carried to a height of only about 12 feet above the surface, and the letters N.W. were 
substituted for S.E. on the granite blocks. No reference marks were established. 

Ross Mountain (Sonora County, Cal., R. D. Cutts 1855; G. Davidson, 186o; J. F. 
Pratt, 1881; E. F. Dickins, 1891).-0n the mountain locally known as Pole Mountain, 
on land belonging to Baker '& Sons. It may be reached from Cazadero by a wagon 
road for about 3 miles to the ranch of W. H. Knowles and then about 2 miles by a good 
trail to the station. A good camping place with a fine spring of water is about )( mile 
southeast and about 250 feet below the station. The station was marked by a copper 
bolt in the top of a concrete pier. The reference marks were three stones, each with 
a half-inch drill hole in the top, placed level with the surface of the ground and 6 feet 
from the station, one nearly in line to Tamales Bay, one toward Mount Helena, and 
the third toward Walalla. A charred oak stump with a wrought-iron nail in the top 
was 20 feet 4 inches N. 54° or' W. (true) from the station. 

Snow Mountain 'Ut"est (Colusa County, Cal., E. F. Dickins, 1892; also given as 
Gleen, Lake 'County).-On the highest point of the southwestern summit of Snow 
Mountain, a ridge about 200 yards long sloping slightly to the southeast; at a point 
where the ridge is about 50 yards wide, bare of grass and covered with small broken 
stones. The center of the station was marked by a half-inch drill hole 3~ inches deep, 
into which was driven a brass bolt 3 inches long. Over this was placed a spruce stump 
6 inches in diameter and 3 feet long, with a brass bolt in the lower end resting on the 
brass bolt in the stone and surrounded with a pile of stones. 

The best route to take in going to the station is via Colusa Junction, Sites, Stony 
Ford, arid Fouts Springs to Caldwells Ranch, at the head of Paradise Valley, and from 
there, 6 miles by the trail up the east side of the mountain. The trail up th~ east side 
of the mountain is considered better, being less rugged and of easier slope than the 
one on the south side of the mountain. 

Mount Sanliedrin (Mendocino County, Cal., B. A. Colonna, r878; A. F. Rodgers, 
1880; E. F. Dickins, 1891).-0n the top of a sharp peak at the east.end of Mount 
Sanhedrin. The best route in 1891 for reaching this station was from Uk~ah by the 
Round Valley wagon road to Watsons (Hearst post-office), on the South Fork of 

• Eel River (about 30 miles), thence by a private road to Ames and Garcy's·ranch house 
(about 2 76 miles), and then by a very poor trail, past the old Garcy cabin and round 
the southwest flank of the mountain up to the station (about 8 miles); this trail is very 
seldom used, and it would be almost impossible for a stranger to follow it without a guide. 
The nearest to.wn is Centerville in Potter Valley (about 20 miles from Watsons). The 
center of the station was marked by a glass bottle embedded in the base of a concret~ 
pier and by a screw in the wooden core _in the top of the pier. The top of the bottle 
was 3.60 feet below the top of the pier. N~ilswere driven in stumps, as follows: One, 
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5 feet l inch from the station, azimuth 101° oo'; one, 7 feet 176 inches, azimuth 155° 
30'; one, 5 feet, azimuth 225° 30'. 

Cold Spring (Mendocino County, Cal., B. A. Colonna, .1878; E. F. Dickins, 
1891).-0n a conspicuous bowlder 20 feet in diameter at the base and about IS feet 
higher than the surrounding ridge, on the southwest end of the summit of Cold Spring 
Mountain, locally known as Signal Ridge. It is about 3 miles from Clay's ranch, and 
about 3 miles from Smally's house, and about I mile from Cold Spring ranch. The 
best approach in 1891 was by the Greenville and Booneville road to Clows ranch, about 
15 miles from either place, then about 5 miles to Cold Spring ranch. 

The center was marked by a drill hol~ in the rock. This drill hole was 1376 inches 
deep, and for a depth of 4 inches was 2 inches in diameter; below a depth of 4 inches its 
diameter was 1 7-{ inches. This drill hole was filled with cement, and a brass c:irtridge 
shell inserted in its mouth marked the center of the station. Above this was built a 
concrete pier 26 inches square, in the top of which, 3 feet I 1 inches above the lower· 
mark, was placed a copper bolt to mark the station. The reference marks were eye
bolts in the rock, numbered in their azimuthal order, as follows: No. 1, a little to the 
right of the line to Paxton .&. , distant IO feet 1 inch; .No. 2, distant 9 feet 4 inches; 
No. 3, distant I2 feet. 

Great Caspar (Mendocino County, Cal., B. A. Colonna, 1878; A. F. Rodgers, 
1879).-0n a knoll on the highest part of the ridge between Russian Gulch and Caspar 
Creek, about 7 miles from Mendocino City and }a mile north from the road from Men
docino City to Little Lake. At the point where the road to the .signal left this road 
there was cut a triangle in a redwood tree, and on another redwood was placed a sign
board marked "U.S. C. S. Great Caspar Station I878." At the center of the station 
was a redwood tree, and therefore the center of the station was fixed by four ~tone 
reference marks, each a granite block, from IS to 22 inches long, buried even with the 
surface, the top dressed to 6 by 6 inches. 

u s c s 
Stones Nos. 1, 2, and 4are marked on top .&. , and stone No. 3, .&. • Beneath 

c s / u s 
each stone a bottle was buried, with its top from 25 to 28 inches below the surface. 
Three trees were blazed with a triangle, about 2 feet on a side, and with a border of 
wrought-iron spikes driven around the edge. The distance and true azimuth to these 
reference marks were as follows: Stone No. 1, 32°, IO feet; stone No. 2, 32°, 50 feet; 
redwood tree, 48°, .60.5 feet; pine tree, 98°, 48 feet; redwood tree, 284°, 85.5 feet; 
stone No. 3, 297°, 10 feet; stone No. 4, 297°, 50 feet. 

Two Rock (Mendocino County, Cal., C. Rockwell, 1877-78; B. A. Colonna, 1878; 
A. F. Rodgers, 1879; E. F. Dickins, 1892).-0n the most western of the bare peaks 
west of the Russian River Valley. The mountain has three summits, the most westerly 
of which is crowned on the northwest side by a conspicuous sandstone ledge, 200 feet 
long and 6 to 20 feet wide, precipitous on three sides. The station was on the summit 
of this rock. The center of station was marked by a drill hole, 1 76 inches in diameter 
and about 3 inches deep, in the bare rock. There were 110 reference marks. 

Paxton· (Mendocino County, Cal., C. Rockwell, I877-78; B. A. Colonna, 1878; 
C. H. Sinclair, 1897).-0n Pine Ridge, west of Ukiah, 011 the highest hill in the 
vicinity. This hill is wooded on the sides and clear on the top, and has been known 



APPENDIX NO. 9. TRIANGULATION IN CALIFORNIA. 

as" Bald Mountain." The station is on the ranch of Mr. Paxton and 27'J miles from 
the house of Mr. John Remstead. The center was marked by a I-inch drill hole, 2 
inches deep, in the top of an irregular shaped stone, about I6 by I8 by 26 inches. The 
stone had a roof-like top .and the part corresponding to the ridge of the roof was placed 
in the direction of Mount Sanhedrin. The top of the stone was flush with the ground. 
Broken glass was mixed with the earth around the stone. A white earthenware bottle 
was buried with its top 22 ~ inches below the stone. Over the stone was built a hexag
onal concrete pier 26 inches in diameter and 50 inches high, with an iron rod running 
through the center, carefully plumbed over the mark in the stone and bent at right 
angles at the foot to prevent its being pulled out. The reference marks were: A stone 
with a triangular flat top and a somewhat pointed bottom, having a drill hole in its top, 
6 feet from the center in the direction of ·Mount Sanhedrin; a stone in the direction 
away from Mount Sanhedrfn, buried big end down, with a pointed top in which was a 
I-inch drill hole 1 inch deep; and a stone at right angles to these stones, in the direc
tion of Great Caspar station, somewhat square, and with a 1-inch drill hole r inch 
deep. An oak stump, marked with a triangle 7 feet high and 1 foot in diameter stood 
a little to the right of the line to Mount Sanhedrin A, and 54.82 feet from the station, 
and a large oak tree marked with a triangle stood a little to the right of the line to Cold 
Spring 8. and 103.3 feet from the station. 

Fisher (Mendocino County, Cal., B. A. Colonna, 1878; E. F. Dickins, 1891-<)2).-
0n the highest part of the open grassy hill locally kn.own as Cliffs Ridge, which 
is the divide between Greenwood and Elk creeks, on the ranch owned in 1878 by Mr. 
Fisher, and in· ·1891 by Mr. Bishop, about 2 mil_es northwest of Bishop's house. The 
center of the station was marked by a bottle 7 inchec; long, resting on the rock 
20 ~ inches below the surface, the cep.ter of its mouth marking the station. On top "of 
the bottle was a little earth and on this a stone projecting 1 inch at the surface in the 
top of which was a ~-inch drill hole about 1 inch deep marking the center. There 
were also th!ee reference stones on tht! surface, one in line to Cold Spring A, one on 
the opposite side, and one at right angles toward the southwest, each with a ~-inch 
drill hole," and each 6 feet from the center. There was a natural outcropping of rock 
about 18 feet to the northwest of the station, and another 45 feet to the southwest. 

Marysville Butte (Sutter County, Cal., George Davidson, 1876; B. A. Colonna, 
I879; C. H. Sinclair, 1898) .-On the south and highest butte of the Marysville Buttes, 
a chain of several conical peaks extending north and south, rising abruptly from the plain 
about 15 miles ·west of Marysville; near the edge of the summit, 4 feet 6 inches from 
the brow of the hill on the northeast side and 9 feet on the south sfde. The center was 
marked by a drill hole in the top of a fast rock. The reference marks were: a half-inch 
drill hole in the rock in the di~ection of Mount Diablo, 8 feet 6 inches; a similar one 8 
feet distant toward Downieville Buttes, and a third, 9 feet 8 inches distant, toward 
Snow Mountain. 

Pine Hill (Eldorado County, Cal., W. Eimbeck, 1876; f. F. Pratt, 1879).-In the 
foothills of the Sierra Nevada, upon the prominent summit locally known as Pine Hill, 
on the outcropping rock forming the summit. The center was marked by a %'-inch 
drill hole, in which was put a copper bolt projecting 1 ~ inches from the rock. The 
reference marks were a cross cut in a large projecting rock in the direction of. Marys-
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ville Butte, 12.5 feet distant from the center, and a cross cut in a large rock in the 
direction of Pyramid Rock, 12.4 feet distant. 

Sierra Morena (San Mateo County, Cal., George Davidson, 1883).-0n the range 
of mountains extending northwest and southeast along the San Francisco Peninsula, 
about 50 yards from an old wood road following along the ridge to the southward from 
the "Mountain Brow House," which is about 4 miles west of Woodside. The station 
is 2 ~ miles from '' Mountain Brow House,'' and is on. the highest knoll in the vicinity. 
The station was marked by a copper bolt in a stone placed 2 feet below the surface of 
the ground. Over this was built a pier 26 inches in diameter, 4.07 feet above the 
ground, in the top of which was a copper bolt shaped like a key, with hole in top, 
marking the station. 

Loma Prieta (Santa Clara and Santa Cruz counties, Cal., George Davidson (E. F .. 
Dickins), 1884).-This station was formerly known as Mount Bache, and is on the 
highest peak of the range of mountains forming the boundary line between the coun· 
ties of Santa Clara and Santa Cruz. It may be reached from Wrights, on the Southern 
Pacific, by a wagon road for about 4 miles to D. H. Montgomery's ranch, and then by 
a fair trail for about 6 or 7 miles to the top of the mountain. The underground mark 
was a 2 by 3 inch brown stone witll a copper bolt in the center, 3 feet 2 inches below 
the surface. A rock with a drill hole filled with lead, having cross lines on the top, 
was placed 24j13 inches below the surface and j13 inch to the west of the copper bolt in 
the brown stone. A concrete foundation 3~ feet square and 9 inches deep was laid 
around this stone, and upon it was built a hexagonal pier, 30 inches in diameter at the 
base and 26 inches at the top. An 8 by ~ inch copper bolt in top of pier marked the 
center. 

Santa Ana (San Benito County, Cal., R. D. Cutts, 1852; George Davidson, 1885).-
0n the western summit of a double-topped peak, very rocky and covered with oaks, 
locally known as "Henrietta Peak,'' about 2 miles from the one known as Santa Ana. 
The station is easily reached from the town of Hollister by going out the main street to 
the north, crossing the railroad track, and taking the first road to the right or east. 
Follow this road for about 2 miles to a road running north and south, turn to the north 
and proceed until a ~cond road leading to the right is reached; take this and proceed 
easterly, following the main wagon road and crossing the creek at the mouth of the 
Dos Picachos Canyon. By following the grade which winds up the ridge on the north 
side of the Dos Picachos Canyon for about 6 or 8 miles a point is reached near the 
summit of the grade, about halfway between Herrington's ranch house and the Stayton 
mine, where the wagon road should be left and the backbone of the rldge followed 
in a southwesterly direction until the station is reached, about half a mile south of and 
1,000 feet above Herrington's house. The station was marked by an irregular~shaped 
rock with a copper bolt in the top, around which a concrete foundation 3 feet square 
and about IO inches deep was laid, and upon this a concrete pier, hexagonal in shape, 
and 26 inches in diameter; was built. A copper bolt with cross cut upon it was set in 
top of pier to mark center of station, 5 feet 2 ~ inches above the subsurface mark. A 
concrete pier, occupied in 1885 for latitude observations, was 37 feet 6 inches from the 
A, in azimuth 129° 07' 01". 

Mount Toro (Monterey County, Cal., George Davidson, 1885).-0n a smooth, 
grassy hill of the smooth, untimbered range of mountains bordering the Salinas .Valley 
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on the west; about 500 yards south of Mr. A. B. Parson's house, and upon his land. 
The station was marked by a copper bolt set in a flat-topped rock, 2 feet beneath 
surface of ground, and in center of a concrete pier; a cross on a copper bolt in the top 
of the pier constituted the surface mark, and was I .49S meters above the subsurface mark. 
Northw~t of the station were the vertical circle pier, distant 10. xS meters; the zenith 
telescope pier (concrete), distant 19.Sr meters, azimuth 135° 55'; and the transit pier 
(concrete), distant 20.S5 metei:s, azimuth 132° 25'. . 

Hepsedam (San Benito County, Cal., J. S. Lawson, 1SS5-S6).-0n the sharp, 
rocky top of a very prominent peak of that name in the Mount Diablo range of moun
tains in t11e southern part of San Benito County; it is the highest and sharpest peak in 
the vicinity. The station may be reached by following the road up Lewis Creek from 
its junction with San Lorenzo Creek, near Lonoak post-office, Monterey County, r mile 
to the house of Fred Taylor. One and a half· miles farther, on the south side of the 
mountain, wa!; the place of Samuel Saffell. The trail from there up the mountain was 
long and steep. The trail from a point in a canyon, about 3 miles fa,rther up the road1 

near the house of Trinidad Garcia, is better, but can be followed only on horseback. 
During the dry season the best way to reach the station would be by the road up the 
San Benito River to the place of Lorenzo Vasquez, called Sweetwater Springs; thence 
for about 7 miles on the road to the Laguna ranch to the foot of the mountain, from 
which place to the top is r }6 or 2 miles. The station was marked by a copper tack 
leaded into a hole drilled into an outcropping rock. Three similar marks were made, 
approximately north, south, and west, at the following distances: north, 6.90 feet; 
south, 7.9S feet; west, 6.70 feet. Over the center mark was built a concrete pier, 
marked in the top by a copper bolt, with a small drill hole in it. The concrete pier for 
the meridian instrument was I .57 meters due east of the station, and the wooden pier 
for th~ vertical circle was 9. 7 53 meters a little south of west. 

Santa Lucia (Monterey County, Cal., George Davidson, 1S85; A. F. Rodgers, 
xS90).-0n the eastern summit of the highest peak of the San~a Lucia range, which 
consists of two rocky knobs about 200 yards apart, with a saddle or depression of 20 
feet between them. The best way to reach the station is by a rough wagon road up 
the San Antonio Valley from Jolon to a point about 13 miles beyond the old Mission, 
or about a mile before reaching the place of Eusebio Ensinal; here leaving the road 
and turning to the right, follow up a fiat ridge for about a mile, cross the canyon to 
the east side and keep up the smooth ridge for about a mile, till just beyond an old log 
cabin; recross the canyon to the west side and follow a very rough and steep trail 

'winding up the ridges to the summit, rising about. 3 500 feet in about 4 miles. The 
station was marked by a cross cut fo the projecting end of a copper bolt set in the solid 
rock. Over that was laid a concrete foundation 3 feet square and IO inches deep, and 
upon it a concrete pier hexagonal in shape and 26 inches in diameter was built, and a 
copper bolt with a cross cut in it was set in top of pier to mark the center of the station. 
The distance from the subsurface mark to the copper bolt in top of pier was 4.6 feet. 
· The reference marks were holes drilled in outcropping rocks, filled with lead, into 
which copper tacks were driven, and distant as follows: north, 6.SS feet; south, 7. rs 
feet; east, 5.9i feet, and west, IO.OS feet. 

The concrete pier occupied for latitude in 1SS5 was 44 feet 1 inch from the A in 
azimuth 227° 2S'. 
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The azimuth from the center of &. to the frame pier used for the vertical circle in 
1885 was 56° 14', and the distance was 5.486 meters. The stations occupied by the 
eclipse expedition of 1880 were a little north of west from the 8 and distant from it 
546 feet and over. 

Rocky Butte (San Luis Obispo County, Cal., J. S. Lawson, 1884:-85; A. F. Rodgers, 
1890).-0n the top of the peak of that name in the Santa Lucia range of mountains, 
about 14 miles from Cambria, about l Yz miles west from the house of Mr. Newton 
Mathers, at the foot of the mountain, and about 6 miles from the house of J. P. Coffee., 
It may be reached by the road along the north fork of the San Simeon Creek. The 
top of the peak is rather fl.at and is covered with a growth of low brush. It is some
what dome-shaped, and surrounding it, extending to the top on the north side, is a 
growth of tall pine trees. The top itself is free from timber, with the exception of a 
few scattering trees on the north edge: The east, south, and west sides of the peak 
are very steep and rocky, but by approaching it from the north the top can easily be 
reached with saddle horses and pack animals. On the east side of the peak and about 
400 feet from the summit (about Yz mile by trail), there was a good spring where 
water could be had the year round. . There was also a good spring about Yz mile from 
the station in the canyon to the northwest. The station was marked by a copper tack 
leaded into the top of a stone about l foot long and 8 inches square on top buried 2 
feet below the surface of the ground. Over this was built a concrete pier. Four refer
ence stones of about the same size, with leaden bolts and copper tacks, were placed 
approximately north, south, east, and west. The distances from the station mark 
were: north, 47.12 inches; south, 44.38 inches; east, 3i.25 inches, and west, 4I.81 
inches. rhe meridian instrument used in observing latitude in 1885 was placed on the 
station pier 5. 13 feet due west from the station mark. The vertical circle was mounted 
upon a wooden pier, north of the station 56.28 feet.· 

Castle Mount (Monterey-Fresno counties, Cal., J. S. Lawson, 1885-86).-0n a 
small rocky mound on the western end of a long, flat ridge, the highest in the divide 
between Fresno and Monterey counties, and about 10 miles by trail from the house of 
John Cahill, on the Rock Corral road. The local name for the peak is the ''Black 
Hole." The Spanish name is "Zapato Chino," meaning Chinese shoe. From the 
house of John Cahill follow the road leading off from the northwest for about 2 Yz miles, 
then turn up the canyon leading toward the foot of the mountain to the right. After 
about three-fourths of a mile the foot of the mountain will be reached. About three
fourths of a mile up the mountain is a good spring of water. From here the station can 
be reached only with saddle horses and pack animals, but the trail is not a bard one 
during dry weather. The station was marked by a bole drilled in an outcropping rock. 
Over this was built a concrete pier and the center marked by a copper bolt with a small 
bole drilled in it. Four reference marks, consisting of copper tacks leaded into holes 
drilled in outcropping rocks, were put approximately north, south, east, and west, at 
the following distances from the center: north tack, 4.525 feet; south tack, 6.540 feet; 
east tack, 3.520 feet; west tack, 10.390 feet. The concrete pier for the meridian instru
ment was i.6 meters due east of the station, and the wooden pier for the vertical circle 
10.642 meters to the southwest. 

San Luis (San Luis Obispo County, Cal., J. S. Lawson, 1883).-0n what is known 
as The Pine Ridge in the Santa Lucia or Coast Range, about 6 miles east of San Luis 
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Obispo. This is the highest peak in the vicinity, and is covered with pine trees. To 
reach the station from San Luis Obispo take the main road running toward Arroyo 
Grande. About 2 miles from the town, and just before crossing the first of what are 
known as the Twin Bridges, the peak comes in sight, and can be distinguished by 
its being somewhat dome-shaped. After crossing the first of these small bridges, iurn 
to the left and continue on to what is known as the Larsen Dairy on the Rancho Corral 
de Piedra, owned by the Steele Brothers, of San Luis Obispo. Follow the creek back 
of the Larsen Dairy, known as the Canal de Piedra Creek, passing through the place of 
Patrick McHenry, and about I Yz miles up the creek from the Larsen })airy take the trail 
around to the southeast until you arrive at the main ridge, and follow this to the top. 
The station was marked by a concrete pier, with a cross on a copper bolt in the top of 
the pier marking the center. The reference stones for the station were put approxi
mately north, south, east, and. west, each 4 feet from the station. 

San Jose (San Luis Obispo County, Cal., J. S. Lawson, 1884).-0n the top of a 
peak about 8 miles from the town of San Jose, which is about 30 miles from San Luis 
Obispo. About 4 miles from San Jose in a canyon is the house of Vidal Garcia. The 
station is about 4 miles from there by the American Canyon. The station was marked 
by a concrete pier, a cross on a copper bolt marking the center. Four reference stones 
were put down, approximately north, south, east, and west, and each 5 feet from the 
station. 

Lospe (Santa Barbara County, Cal., 0. H. Tittmann, 1875; J. S. Lawson, 1883).-
0n the highest ridge of hills rising from the shore at Point Sal, just back of .and about 
500 feet above the house of Mr. Henry Dolcini. It can be reached from Guadaloupe 
by taking the Point Sal road to the Corralitas Canyon; at this point the road forks, the 
one to the right going. over the grade to Point Sal. Thence by the left-hand road up 
the Corralitas Canyon into the Pilita Ranch and to Dolcint's house. Follow up the 
right-hand canyon to the top of the ridge and the station is about 250 meters to the 
right. The station can also be reached from Point Sal by taking the road to Guada
loupe until the crest of the ridge is reached, and then following an ill-defined road to the 
right, which leads to the house of Mr. Henry Dolcini. The station was marked by a flat 
stone, buried about 2 feet below the surface, with a drill hole marking the center of the 
station. The station was marked at the surface with a copper bolt and cross. Over this 
was built a substantial brick pier in such a way that the surface mark was accessible. 
The center of the station was marked also on the top of the pier. The brick pier for 
the meridian telescope, used for latitude in 1883, was distant 5.210 feet from the station, 
true azimuth 89° 551

, and the concrete pier for the vertical circle was distant 62 feet, 
true azimuth 300° 171 3611

• Four stones with cross lines were placed approximately 
north, south, east, and west at the following distances from the station: south, 5 feet 
4}'8 inches; east, farthest hote, 6 feet; north, 4 feet 4 >( inches; west, 5 feet 1 ri! inches. 

Tepusquet (Santa Barbara County, Cal., 0. H. Tittmann, 1875, J. S. Lawson, 
1882).-0n the top of Tepusquet Range. The mountain is covered with a thick 
growth of chaparral to the north, northeast, northwest, and west, while to the south 
and southwest the side of the mountain extends to fields of wild oats. The station 
can be reached from Santa Maria, by way of Fnglers Point, at the junction of the Santa 
Maria and Sis Quoc rivers, at which place take the road leading to the left, crossing 
the river and following the foothills. From this point the road can not be.mistaken, as 
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it leads directly into Tepusquet Canyon. Continue up the canyon l ?.( miles beyond 
the house of Jose Vidal, to the mouth of another wide canyon, to the right, from which 
place the peak can be seen and easily distinguished from the contrast of the wild oats 
and chaparral. The trail leads up this canyon direct to the top of the peak. About 
two, miles up the trail, in a small nook to the left, just before ascending the steep part 
in the canyon, a good spring of water was found. From Los Alamos the peak can be 
reached by taking the road leading through Foxens Canyon, past the store of Fred. 
Wickenden, at Sis Quoc, into the Sis Quoc Valley. On leaving Foxens Canyon and 
entering the Sis Quoc Valley, take the road leading across the river, directly into 
Tepusquet Canyon, continuing as already described. The station was marked by a 
hole 'drilled in the outcropping ledge of rock on the top of the mountain. Over this 
was built a concrete pier 21 by 21 inches and 3.95 feet high, with a copper bolt in the 
top marking the center of the station. A small concrete pier built for the meridian 
telescope, is 67.78 feet distant, in azimuth 152° 151

• Four reference stones were placed 
about level with the surface, each marked by a tack leaded into a drill hole. Two 
were 6 feet each from the station, approximately north and south, and two ·5 feet, 
approximately east and west. 

Arguello (Santa Barbara County, Cal., 0. H. Tittmann, 1875).-About IO miles 
northwest from Point Conception and near Point Arguello, on ~he highest part of Tran
quillon Peak, the highest peak in the vicinity. The station was marked by a piece of 
rough stone, 2 ~ feet high, set on a fo~ndation of concrete about 2 inches thick, which 
rested partially on the solid ledge of the station and partially on earth. Four holes 
were drilled into the surrounding ledge and rocks, and into each a copper tack, marked 
with cross lines, was leaded. The distances and azimuths to these tacks were as follows: 
3 feet 8.8 inches, 47° 59'; 7 feet 5.2 inches, 168° 29'; IO feet lI.2 inches, 205° 571

; 6 
feet 10.9 inches-, 270° o6'. The pier of cement and stone for the latitude station of 
1876 was 27.57 meters (or 95. 10 feet measured on the inclined surface) from the station, 
in azimuth 67° 13'· The old Tranquillon 8., now lost, was 0.2 meter northwest of 
Arguello/;::;.. 

Gaviota (Santa 13arbara County, Cal., 0. H. Tittmann, 1873; W. S. Edwards, 
1875).-0n the top of one of the high p.eaks to the eastward of the Gaviota Pass. The 
peak is covered with yellow sandstone rock, and is made conspicuous by a field of wild 
oats 60 meters long, about 500 meters southwest of the summit. The peaks to the 
eastward are between 150 and 300 feet higher than the one on which the station is 
located. The station was most accessible through the canyon making up toward the 
eastward from Gaviota Pass, at a distance of about z mile from the wharf: The north 
face of the ridge was covered with a dense growth of chaparral and was very steep. The 
south face has a more gentle slope. The station was marked by a cross on a copper 
tack leaded into a large stone 20 inches below the surface. Over this was placed a 
large rock, flush with the surface, in which was leaded a copper tack to mark the center, 
and on it a pier, 2 feet square and 2 feet 7 ?.( inches in height, was built of large blocks 
of cut sandstone held together by cement. The reference marks were as follows: To 
the north, a wooden stub with copper tack, 7 feet 8U inches from the center; to the 
east, a wooden plug with a nail in a drill hole in the rock, 7 feet 2~ inches, and to the 
west, a hole bored in the rock holding a wooden plug (no nail in this plug), 13 feet 3~ 
inches. At a distance from the center of 29.74 meters, in azimuth 200° 101

, there was 
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buried, flush with the ground, an irregular-shaped stone, about 18 inches square, in which 
was leaded a copper tack to mark the point occupied in 1875 for latitude. This was 
surrounded by four wooden "stubs with copper tacks in their tops placed as follows: to 
the north, 7.985 feet distant; to the south, 7.280 feet; to the east, 6.505 feet; and to 
the west, 8.235 feet. 

New San Miguel (San Miguel Island, California, 0. H. Tittmann, 1873).-0n the 
highest part of Green Mountain and about 177 meters to the southeast of Green Moun
tain 8. The station was marked by a rectangular brick pier, whose foundation was 
laid about 2 76 feet in the ground. Set into the foundation was a smooth stone about 
8 by 8 by 8 inches in size, taken from the beach, having in its center a leaden bolt and 
copper tack to mark the station point. The latitude station of r873 was marked by a 
copper tack leaded into the top of an irregular-shaped sandstone block, which rested on 
a foundation of and was surrounded by bricks. The top of the stone was 6 inches 
below the surface of the ground. The latitude station was distant. r9 feet 3 inches 
from the primary triangulation station, in azimuth 324° 56'. 

Santa Cruz West (Santa Cruz Island, California, W. E. Greenwell, 1861; 0. H. 
Tittmann, 1874).-0n the high bluff forming the western extremity of the island. 
The station was markea by a copper tack leaded into a bole drilled in the ledge. ' A 
brick pier about 2 feet square and 2 feet r 1 inches above ground was built over the sta
tion. A large stone, with a lead bolt and a copper tack in the top, surrounded by 
brick and cement, 51 feet 8.5 inches from the station and in azimuth 255° 03', marked 
the point occupied for latitude in 1874. 

Santa Barbara (Santa Barbara County, Cal., W. E. Greenwell, 1858; G. David
son, 1869; O. H. Tittmann and William Eimbeck, 1874; A. T. Mosman, 1898; A. F. 
Rodgers, 1904).-0n La Vigia, the southern one of two conspicuous ·smooth round 
hills to the west of Santa Barbara and of Honda Valley. The station was marked by a 
stone lettered 

u s 
c s 

ev~n with the surface of the ground and embedded in a brick pier 2 f~t by 2 feet, sur
rounded by concrete to 4 feet by 4 feet. Over the stone a pier of concrete 25 inches in 
diameter and 3 feet 4 inches high was built, and the center marked by an iron nail in 
~he top. Two reference marks, 2-foot sections of 4-inch tile drain pipe, filled with con
crete in which a nail was set, were placed at the intersection of a fence line and the 
lines to Santa Cruz East and to Santa Barbara Light-house. The distances and 
azimuths to these reference marks ar.e: pipe toward Santa Cruz East, l 28. 20 feet, 
azimuth 340° 16'; pipe toward Santa Barbara Light-house, 350.38 feet, azimuth 
37° 03'. A triangular concrete pier for the vertical circle was 48.6 feet distant, 
azimuth 204° 18'. 

Santa Cruz East (Santa Barbara County, Cal., W. E. Greenwell, 1857; O~ H. Titt
mann, 1876; A. T. Mosman, 1898).-Near the east point of Santa ·Cruz Island, one-half 
mile from Scorpi9n ranch, on a high rocky bank facing the north, 20 feet from the edge 
of the cliff, which goes down sheer for some 300 feet or more to the water. To the 
south and east of the station the ground slopes down gradually to an old barley field 
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about rso feet distant. The point on which the station is located is about 40 feet higher 
than the barley field and is very rocky. The under-ground mark was a copper tack in 
a lead bolt in a stone of irregular shape, marked U. S. c.· S., set in concrete about r3 
inches below the surface of the ground. Over the mark was placed a wooden box, 
which was filled with concrete even with the surface of the ground, and a copper bolt 
6 inches long and one-half inch in diameter with a cross on the top was put in to mark 
the center; the concrete was marked U.S. C. & G. S. 1898. For reference marks holes 
were drilled in the solid rock 1 inch in diameter and 4 inches deep, as follows: on a 
large black rock projecting 2 feet above the surface, distant 13.58 feet, azimuth 304 ° 
21' 46"; on a rock projecting about l foot above surface, distant 24.81 feet, azimuth 
l 

0 571 52"; in a solid ledge close to the edge on the west side, distant 15.40 feet, azimuth 
50° 061 38"; in a solid rock close to the edge of the cliff on the north side, level with 
the surface, distant 14.94 feet, azimuth 174° 43' II". The vertical circle was distant 
45 feet, azimuth 282° 221

• 

Chaffee (Ventura County, Cal., W. E. Greenwell, 1867; A. T. Mosman, 1898).-
0n the highest point of the first range of high hills west of Ventura, about 2 Yz miles 
from Mr. Lewis's house, on the property of Mrs. Taylor. The station was marked by 
a bottle buried with its neck about 2 Yz feet below the surface. Above this bottle was 
set a sewer pipe filled with concrete, with a copper bolt 5 inches long in its center to 
mark the station. For a depth of l foot around the pipe solid 'concrete was filled in 
even with the surface of the ground and the supporting plates for the iron stand were 
embedded in the concrete. Reference marks, consisting of sewer pipes 4 inches in 
diameter and 2 feet long, were sunk as follows: No. l nearly in line to Santa Cruz East, 
in true azimuth 37° 7'. distant 9.95 feet; No. 2, azimuth 127° 51

, distant 8.05 feet; No. 3, 
azimuth 215° 141

, distant 7.58 feet; No. 4, 6° to north of line to Laguna or in azimuth 
305° 161

, distant 7.50 feet. 
Laguna (Ventura County, Cal., W. E. Greenwell, 1857; 0. H. Tittmann, 1877; 

A. T. Mosman, 1898).-0n the top of a mountain about 1 mile from the ocean and 1 

mile from the house on the Logan ranch. For underground mark a piece of 4-inch 
tile drain pipe, 8 inches long, was buried, the top being 2 feet below the surface of 
the ground. This was filled in with cement .and in the center was placed a 5-inch spike 
to mark the center. Over this was laid a mass of concrete, triangular in shape and 27 
inches on a side and 13 inches thick, in the center of which was placed a sandstone 
post, 5 by 5 by 15 inches, with a small hole in the top marking the center. The top of 
the post is about 1 Yz inches below the surface of the concrete, which was cut out to 
show the block. The surface of the concrete is level with the surface of the ground. 

· The corners of the concrete triaugle were built up 4 inches, like posts. For reference 
marks 4-inch tile drain pipes 2 feet long were put in and were filled with concrete, with 
a spike in the center, and their tops about level with the surface of the ground, as 

. follows: No. l, distant 6.93 feet, azimuth 107° 061
, or in line to Point Hueneme Light

house; No. 2, distant 6.92 feet, azimuth 197° 06'; No. 3, distant 7.35 feet, azimuth 
287° 061

; No. 4, distant 7.23 feet, azimuth 17° 06'. Four other marks, stones, each 
with a lead bolt in the top, were set at the following distances from the center: To the -
north, 4.05 feet; to the west, 4 feet; to the south, 4.95 feet, and to the east, 4.02 
feet. In 1876 a small tin tube inclosing a paper dated July 12, 1875, by a party of 
United States Engineers under Lieutenant Whipple, calling his station West End, 
was found. 
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Santa Clara (Ventura County, Cal., A. T. Mosman, 1898).-0n the highest part 
of the mountain on the south side of Santa Clara River, about 2 miles distant from the 
town of Santa Pat\la, and reached from Mr. Robson's house by a sled road passing his 
upper ranch house and well and leading directly to the station. It is steep, but 
can be traveled on horseback. The underground mark was a bottle sunk 2.3 feet 
below surface, mouth up. Above this was sunk a sewer pipe 4 inches in diameter and 
2 feet long, filled with 'concrete, with a copper bolt in its top marking the station. The 
lower part of the sewer pipe was incased in well-rammed earth, but the upper foot of 
its length was in.cased in concrete in the form of a triangle, at the apexes of which three 
marble blocks 6 by 6 by 4 inches were set in cement. Four reference marks, con
sisting of sewer pipes 2 feet long and 4 inches in diameter, filled with concrete and with 
an iron nail in the upper surface, were placed as follows: in line to brown church spi,re, 
Santa Paula, distant 6.32 feet; on prolongation of this line through station, distant 6.36 
feet; at right angles to this line, easterly, distant 6.48 feet; at right angles to first line, 
westerly, distant 644 feet. 

Casfr<J (Los Angeles· County, Cal., A. T. Mosman, 1898).-0ti one of the peaks 
of the coast mountains, 4 or 5 miles distant in a northerly direction from Point Dume. 
The mountain can be reached from Montalvo, a station on the Southern Pacific Rail
road between Los Angeles and Santa Barbara, by team to Mr. Russell's ranch in the 
Conejo Valley .. From Russell's a road leads to Ballard's place and from there up the 
ridge on which Castro is located. About three-fourths of the distance up the ridge an 
old sled road leads in to O'Grady's cabin. For a stninger wishing to find the station 
it would be better to drive all the way up the grade from Ballard's to the top of the ridge, 
and either at Chapman's place or Mr. Charles Sailsbury's get a guide. Mr. Sailsbury 
was the heliotroper at the station in 1898. Another way to reach the station, and the 
shortest from Los Angeles, is over the Ventura road from Chatsworth Park, past 
Calabasas and Daice's post-office, and a·s far as the old Vejar stage station. At this 
place, which is about 5 miles from Mr. Russell's ranch above mentioned, a road leads 
off sharp to the left down a canyon. Follow this road about 3 or 3~ miles and then 
turn to the right around the point of a very prominent hill and follow up another 
canyon till Ballard's place is reached. Ballard's is the first house you come ·to except 
an old deserted cabin. The station was marked underground by a quart bottle with top 
of neck 25 U inches below the surface. Over this was a bed of concrete, triangular and 
12 ·inches thick, in the center of which was a copper bolt, 5 inches long and three-fourths 
inch diameter, on which was a cross marking the station. The corners of th~ concrete 
block were truncated and on each was set a cube of cement 6 inches on a side. Four 
stones, about as large as a man could move alone, each with a hole drilled about 2 or 3 
inches deep and 1 inch in diameter, were set at the following true azimuths and distances: 
312°,031

, distant 8.35 feet; 30° 271
, distant 6.68 feet; 138° 29', distant 6.77 feet; 213° 

401
; distant 7. 1 J feet. . 

San Femando (Los Angeles County, Cal., A. T. Mosman, 1898).-0n the highest 
point of the western knob of _the highest or western crest of San Fernando Mountain, 
about 5 miles from the long tunnel of the Southern Pacific Railroad, about. ro miles 
nearly north of Chatswood Park, and about 2 miles from Mr. F. Reiss's house. The station 
was marked by a bottle sunk 18 inches,. and over this was a section of sewer pipe 24 
inches long and 4 inches inside diameter. The neck of the bottle extended 2 or 3 inches 

10277--04-43 
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into the lower end of the sewer pipe, which was filled with concrete rammed tight. 
The center was marked at the top of the pipe by a copper bolt three-fourths inch in 
diameter and 4 inches long, with a cross cut on its upper end .. The lower foot of 
the pipe was surrounded by earth, tightly rammed, and the upper part by a bed of con
crete 1 foot deep, in the form of a triangle. The three marble blocks which formed the 
foundation of the iron stand of the theodolite, each 4 by 6 by 6 inches, were set in con
crete on this· concrete base. Reference marks, consisting of 4-inch sewer pipes 24 inches 
long, sunk even with the surface of the ground and filled with concrete, with an iron 
spike set in the top of the concrete, were placed as follows: in line to Castro (west of 
south), distant 5.99 feet; in prolongation of that line (to northward), distant 5.85 feet; 
at right angles to first line (westerly), distant 5.99 feet; at right angles to :first line 
(e~terly), distant 5.95 feet. 

San Pedro (Los Angeles County, Cal., George Davidson, i853; W. E. Greenwell, 
1855; A. W. Chase, 1870, 1872; D. B. Wainwright, 1878; E. F. Dickins, 1896; A. 'I'. 
Mosman, 1899).-:-A little northeast of the highest point, on the flat top of the hill of 
the same name, i~ the Palos Verdes Range, about 4 miles west of San Pedro Harbor. 
The station was marked by a copper bolt with a cross, leaded into a hole drilled in the 
top of a granite post 6 inches square and about 2 feet long, projecting about 1 inch 
above the s'urface of the ground. A triangular bed of concrete surrounds the post and 
a cairn of large rocks covers it, making a pyramid 3~ feet high. The reference marks 
consisted of sewer pipe 4 inches in diameter and 24 inches long sunk in the ground and 
filled with concrete, with an iron. spike in the center, at the following distances and 
directions: No. 1, in line to Point Fermin Light-house, distant 6.05 feet; No. 2 1 in pro
longation of this line through station, distant 6.08 feet; No. 3, at right angles (southerly), 
distant 5.97 feet; No. 4, at right angles (northerly), distant 5.99 feet. 

Wilson Peak (Los Angeles County, Cal., G. Davidson, 1890; E. F. Dickins, 1896; 
A. T. Mosman, 1898).-0n Wilson Peak, in the Sierra Madre Range, about 500 or 600 
feet above and l mile from Martin's camp, and directly in front and 4 feet from the 
porch of a building known as the Casino. The subsurface mark was a copper bolt 
with a cross, leaded into a hole drilled in a large rock 20 inches below the surface of the 
ground. Over it was a hexagonal concrete pier, 26 inches in diameter and extending 
3. z feet above the surface of the ground, in the top of which was set a copper bolt, with 
a cross to mark the center. The following are the true azimuths and distances to refer
ence marks: big pine, wire nail in blaze, 61° 24', distant 4i.5 feet; southwest corner 
of porch of Casino, 149° 24', distant 2r.3 feet; nail in center of doorsill of Casino, 
213° 44', distant II.6 feet; southeast corner of porch of Casino, 286° 44', distant 19.2 
feet; big pine, wire nail in blaze, 299° 19', distant 109 feet. 

San Juan (Orange-San Bernardino counties, Cal., P. A. Welker and Fremont 
Morse, 1886; E. F. Dickins, 1896; A. T. Mosman, 1899).-0n the top of the highest 
and sharpest peak of the range of hills, northeast of and 5 or 6 miles distant from Yo~ba 
station on the Southern California Railroad. · The station is marked by a cross on a 
copper bolt leaded into a hole drilled in the top of the rock, 2 ~ feet below the surface 
of the ground, above which is a hexagonal concrete pier, 26 inches in diameter, extend
ing 3. 1 feet above surface of ground, in the top of which is sef another copper bolt with 
cross marking the center of station. Three reference stones, with drill holes filled with 
lead, were placed north, south, east, and west, each 6 feet from center. A cairn of 
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stones marking the boundary between Orange and San Bernardino counties is N. 33~ 0 

W., by compass, and distant r6 feet from station. 
Los Angeles Northwest Base (Los Angeles County, Cal., G. Davidson, 1889, 1890; 

E. F: Dickins, I896).-0n the rising ground, about a mile and a half northwest of 
the little village of Norwalk, and about 200 yards east of the Southern California 
Railroad. The surface mark was a small hole made by a needle in the silver core of a five
eighths inch· copper bolt set in a granite block, 26 inches square, flush with the surface of 
the ground and built in the brick foundation of the pier. Over this was cemented a 
granite monument, 24 inches square at the base and sloping to r 2 inches, 2 feet above 
base, with a pyramidal top, a small hole drilled at apex of pyramid marking the center. 
On the side toward the base it is lettered as follows: U. S. C. & G. S. N. W. BASE 
1889. The foundation pier was 72 inches square at the bottom, a distance of 5 feet 
below the surface of the ground, and was stepped in at the sides to 54 inches square. 
The earth filled in around the foundation pier was coarse sand with sand and charcoal. 
The subsurface mark consisted of a small hole made by a needle a little northwest of 
the center of a piece of silver wire, about one-tenth of an inch in diameter, driven into 
the head of a copper bolt, five-eighths of an inch in diameter, fixed with melted sulphur 
into a granite block, squared on top and 3 feet long, directly under the foundation pier. 
The copper bolt was covered with a hemispherical chemical evaporating glass dish, 
cemented on the block. The top of the granite block is l foot square and bears besides 

the station mark, the letters CU& g S. There were four reference marks. Each was 

a small hole ( orie-fourth millimeter in diameter) in a silver wire driven into a five-eighths 
inch copper bolt, leaded into the upper face of a r-foot granite cube, buried about .18 
inches below the surface of the ground, surrounded by brick in cement. A glass 
inverted and cemented upon the granite covered the mark. Two were in the line of 
the base and two at an angle of 90° with it to the northwest at distances of 10 and roo 
feet from the station. Marked with a steel point on the heads of the copper bolts were: 
Southeast Witness loo feet, Southeast Witness 9.995 feet; Southwest Witness loo feet, 
and "Southwest Witness 10 feet." When this station was occupied as a triangulation 
station in 1890, a brick pier 15 feet high was erected as a support for the theodolite 
and left standing. 

Los Angeles Southeast Base.-(Los Angeles County, Cal., G. Davidson, 1889, 1890; 
.E. F. Dickins, 1896). About 100 meters west of the main road from Anaheim to 
Garden Grove, and l mile from the latter place. The surface and subsurface mark-. 
ings are similar in every particular to those at Los Angeles Northwest Base, and the· 
granite monument is lettered on the side toward the base line U. s.· C. & G. S. 
S. E. BASE, l 889. The reference marks are at IO and 100. feet distant from the 
station, in line of base and at 90° north from it, and are marked S. W. Witness 
100.003 ft., S. W. Witness 10.'02 ft., N. W. Witness loo ft., and N. W. Witness Io ft. 
When this station was occupied as a triangulation station in l 890, a brick pier 35 feet 
high was erected as a support for the theodolite and left standing. 

Los Cern'tos·(Los Angeles County, Cal., G. Davidson, 1853; A. W. Chase, 1872-73; 
A. F. Rodgers, 1883; F. Westdahl, 1887; G. Davidson, 1890; E. F. Dickins, 1896).-
0n the top of a prominent round-topped hill, on the Los Cerritos ranch, 4 miles northeast 
of the town of Lon.g Beach. It was marked by 6-inch granite post, dressed on top, and 
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projecting about 2 inches above the surface of the ground, in which a Yz-inch hole was 
drilled to mark the center. 

Las Bolsas (Orange County, Cal., G. Davidson, 1853; W. E. Greenwell, 1855; 
A. W. Chase, 1873; D. B. Wainwright, 1878; G. Davidson, 1890; E. F. Dickins, 
1896).-About a mile from the coast and about 5Yz miles south of Westminster, on the 
Las Bolsas ranch, on the highest part of the mesa, and about 100 yards east of the road. 
On the west side of the road, nearly opposite the station, was another hill, on which 
were a number of graves. The station was marked by a cross' in the top of a copper 
bolt leaded into a drill hole in the top of a granite post, 6 inches square, and projecting 
about 2 inches above the surface of the ground. There were four stubs, each l. 2 feet 
from the center, approximately north, south, southeast, and southwest, into each of 
which was driven an empty cartridge shell. 

Santiago (Riverside and Orange counties, Cal., A. T. Mosman, 1898).-0n the 
highest and most southeastern peak of Santiago Mountain, about 8 miles by a trail for 
pack horses from a house at the head of the second canyon to the l~ft above the school
house at Trabuco Canyon, which is about 13 miles from Capistrano, or about 20 miles 
by a desert road from Santa Ana. From El Toro the schoolhouse is about 1.5 miles, 
and this is the best station to which to ship freight, which can then be hauled by wagons 
to the beginning of the trail. A good spring of water is near the trail about l Yz miles 
below the , top. The station is located on a sharp rocky elevation about 20 feet in 
diameter and some 25 feet higher than the surrounding ground, and was marked by the 
center of a stone bottle with a handle placed·3Yz feet below the surface. A thin layer 
of earth was placed o_ver bottle, and over this was built a solid concrete pier, tria:..:,gular 
in shape, 4 feet on a side and 3 feet thick. A large stone with a copper bolt in it was 
placed in the pier, with its top projecting about 3 inches above the surface of the con
crete, the bolt marking the station. Built at the corners of the pier were triangular 
pillars 6 inches high and 12 inches on a side. The azimuths and distances to the refer
ence marks, holes in the rock with lead in them, are as follows: 199° 24', distant 10.31 
feet; 273° 49', distant 12.65 feet; 25° 42', distant 26.70 feet; 105°l1 1

, distant 8.35 feet. 
Niguel (Orange County, Cal., A. F. Rodgers, 1884; A. T. Mosman, 1898).

About 9 miles from Capistrano on the highest part of the fiat summit of the highest 
ridge between San Juan Capistrano and Aliso Canyon, which is the highest summit on 
the coast between Aliso Canyon and the Canada Salada. The station is on land belong
ing to the United States, near the northwest corner of a tract of land belonging to Mr. 
Foster and R. Egan, of Capistrano, and was marked by a cross on a copper bolt in a 
large stone buried '21 Yz inches. On top of this was placed a section of 4-inch pipe 2 
feet long, filled with concrete, with a 4-inch copper bolt in the top, a cross in the bolt 
marking the station. The pipe was surrounded to a depth of 1 foot by a bed of concrete, 
triangular in form, and at the vertices of this triangle were 3 marble. blocks. Refer
ence marks, consisting of 4-inch pipes 2 feet long, filled with concrete, with iron nails 
in their tops, were placed at the following directions and distances: In line to Santiago, 
distant 5.93 feet; in prolongation of this line, distant 6. 19 feet; to eastward at 90° to 
above, distant 6.20 feet; to westward at 90° to above, distant 6.21 feet. 

Soledad (San Diego County, Cal., A. F. Rodgers, 1887; A. T. Mosman, 1898).-
0n the highest part of the hill, back of La Jolla Beach. The station was marked by a 
bottle 32 inches below the surface of ground, and a 3-inch pipe 24 inch~s long placed above 
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the bottle and filled with concrete, in which was embedded a copper bolt three-fourths 
inch in diameter and 4 inches long, with a cross on the top marking the center of station. 
This pipe was surrounded to a depth of 1 foot by a triangular bed of concrete, at the 
vertices of which were embedded 3 marble blocks. Reference marks were put in as 
follows: In line to Point Loma Light-house (old), distant 5.85 kct; in prolongation of 
that line, distant 6 feet; at 90° to westward, distant 6. i9 feet; and at 90° to eastward, 
distant 6 feet. A brick pier 18.02 meters to the north was occupied in 1899 for latitude 
and azimuth. 

Cuyamat;a (San Diego County, Cal., A. '!'. Mosman, 1898).-About 10 feet south 
of the highest point of the backbone of the large ledge that forms the highest part of 
the southern and highest peak of Cuyamaca Mountain, about 60 miles northeast from 
the city of San Diego, and about 4 miles from Cuyamaca. '!'here is an old wood road 
up to within about a. mile and a half of the summit, and a wagon could _go still nearer 
the station with light loads. The station was marked by drilling an iuch·hole 4 inches 
deep in the ledge, in which a copper bolt was set with cement and on which was a cross 
marking the center. Three cros5es were cut in the rock and a copper bolt set at the 
intersection of each as follows: north, distant 7.72 feet; northeast, distant 7.04 feet; 
and south, distant 6. 27 feet. 

San Jacinto (Riverside County, Cal., A. 'I'. Mosman, 1~98).-0n the highest and 
most northern peak of the San Jacinto Mountain, 12 miles from Keen's Hotel in 
Strawberry Valley, which is 23 miles from the town of San Jacinto. From Strawberry 
Valley the sta~ion is reached only by trail, the worst part of whicJ1 is from Strawberry 
Valley up what is known as the Tangritz trail which goes to 'l'angritz Valley. '!'his 
part is only about 2 Yz miles long, but is very bad, in places almost impassable for 
animals. '!'he rest of the trail is not very bad, 'being mostly through heavy woods and. 
over rolling land, but not rocky except in places. Tamarack Valley, at the foot of the 
final peak and about 1 mile from the station, is a very good camping place, having 
timber, good grass, and generally plenty of good spring water. The trail up to the 
station from Tamarack Valley is somewhat steep in places, but not at all bad, and can 
be easily ridden to within 50 yards of the station. '!'be whole top of the mountain 
consists of a mass of enormous granite bowlders (or stone similar to granite). The 
highest point is a large rounding bowlder which sticks up about 7 feet above all others. 
On top of this bowlder was built a cairn of stones about 5 feet in diameter and 8 feet 
high. The station was located on a large flat rock or bowlder 13 feet, 63° 421 true 
azimuth, from the bowlder with the cairn on it. The station was marked by a 1-inch 
hole· drilled r inch deep in the rock. The azimuths and distances to the reference 
marks, holes drilled 1 ?.( inches diameter and 3 inches deep in four large bowlders, are: 
21° 191 1411

, 56.41 feet; 162° 26' 0411
, 28.70 feet; 252° 551 0911

, 11.30 feet; 332° 591 0911
, 

34.28 feet. 
· San Miguel (San Diego County, Cal., f\.. 'I'. Mosman, r899).-0n the top of the 

highest peak of San Miguel Mountain, about 2 miles from the Dahlin ranch. It can be 
conveniently reached from San Diego by following the mail route to Campo, a little 
farther than "Cockatoo Grove" in Telegraph Canyon, thence by road across San 
Miguel Mesa, passing a schoolhouse and the ranch house of Mr. Raaka to the Dahlin 
ranch, which is as far as wheeled vehicles can go. In 1899 the only trail up the 
mountain was on the south side, passing over one of the minor peaks before reaching 
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the main one. The station was marked by a hole drilled 2 inches deep in bottom of a 
crevice about 6 inches long and 2 inches deep. 

Boundary Monument 258 (International Boundary Commission, United States and 
Mexico, 1891-96; A. T. Mosman, 1898).-A monument of white marble about 14 
feet high, surrounded by an iron fence 7 feet high, enclosing an area of 12 by 12 feet. 

Tecate (San Diego County, Cal., A. T. Mosman, 1898).-About 40 feet southeast 
of the cairn \\'.bich marks _the highest point of Tecate Mountain. The station is 
reached by trail from the house of Manuel Flores in Mexico, about 2 miles from 
Brown's store and saloon on the boundary, which is 6 miles south of Potreso. The 
station was marked by a drill hole in the solid rock. The reference marks were 
distant 3.77 feet in line to Cuyamaca; distant 4. 14 feet in line to Ragged Peak; and 
distant 9.81 feet in line to San Miguel. 

Dominguef! Hill (Los Angeles County, Cal., E. C. O. Ord, 1854; W. E. Greenwell, 
1855; G. Davidson, 1870, 1881; A. F. Rodgers, 1883).-0n the northern edge of a flat
topped ridge running about east and west, with a long, gentle slope of about 100 feet 

1in a mile to the northward. About one-third mile to the southeastward the ridge is a 
few feet higher. The station was marked by an octagonal brick pier, extending 3 feet 
below the surface and 3 feet above, with a hollow shaft in the center and two arches· 
about 8 inches high. Into the center of this pier and projecting 3 inches above the 
ground was built a gravelstone, in the top of which was an irregular depression mark
ing the center of the station. The brick and cement pier, 25 by 13 inches and 2 ~ feet 
high, on which the z~nith telescope was mounted for latitude observations in 1870, was 
15 feet 5.5 inches east and 8.8 inches south of the 8.. A similar pier, 3~ feet high, 20 
feet 11.6 inches east and 9.8 inches south of.the 8., was used for time observations and 
for the latitude observations with the meridian instrument in 1870. Only the station 
pier and the meridian instrument pier were mentioned in 1883. 

West Beach (Los Angeles County, Cal., George Davidson, 1854; W. E. Greenwell, 
1856; George Davidson, 1870; A. F. Rodgers, 1883).-0n the highest of the grassy 
hills near the beach. From Los Angeles it is on the first ridge of hills that makes out 
from the sand dunes and stretches toward San Pedro Hill. To reach the station, 
follow the road from the Pacific Salt Works to Los Angeles to about loo yards beyond 
the corral near the northwest end of Salt Pond, then take a road leading to the left 
around a point of sand hills for nearly a mile and a quarter to one of the grass-covered 
hills, which is thickly covered with cacti and which joins the sand hills. On the top of 
this hill the station is located. The station was marked by a granite block 8 inches 
square, with the top level with the ground, and with a hole at its center. Four stubs 
were driven into the ground, 4 feet from the center, to the north, south, east, and west; 
also three stubs, each l foot 3 inches in length, 6 feet from the center. 

San Pedro Northwest Base (Los Angeles County, Cal., G. Davidson, 1853; W. E. 
Greenwell, 1856; G. Davidson, 1881).-0n the plains between Los Angeles and San 
Pedro, about 300 yards north northwest of the road from the salt works to Los 
Angeles, on the rancho Saural Redondo, claimed by Antonio Ignado Abila (1853). 
The station was marked by a hole in the top of a blue limestone slab, 5?4 by 5?4 inches 
and 35?4 inches long, with its top 15 inches below the surface. One face was rough 
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and was to the northeast. A stub projecting a few inches marked the station at the 
surface. 

San Pedro Soutlleast Base (Los Angeles County, Cal., George Davidson, 1853, 
l 870) .-On the plains between Los Angeles and San Pedro. The depression about 180 
yards northwest of the station is but 15 feet below the station and has no water in it. 
The first depression, 80 yards toward Dominguez Hill·, is dry, but the second and 
deeper one has water in it. From here the rise to Dominguez Hill is gradual to a 
height of about 135 feet. The southwest gable of Nassano Dominguez's house, adobe 
with large piazza, surrounded with pepper trees, is distant 3 613 feet, in azimuth 253° 

. 51'. The northeast gable of a small cabin, at a sheep ranch, is distant 2 373 feet, in 
azimuth 44° 17'· South end of white house near Northwest Base is in azimuth 128° 16'. 
The rear gable of house showing above the 9-mile ridge is distant 1 ~ miles in azimuth 
187° 30'. The station was marked by a blue limestone shaft, 6~ by 60 ·inches, 
embedded in the earth, projecting 6U inches above the surface, with an irregular 
shaped hole in the top, the center of which marks the station. Two stubs, each about 
2 34 inches above the ground, were placed as follows: To the northwest, 3 feet ~ inches; 
to the southeast, 3 feet }8 inches; and two other stubs, each with copper nail with cross 
mark in the top, were placed to the northeast and southwest, distances not given. 

San Buenaventura (Ventura County, Cal., W. E. Greenwell, 1858).-About 2 miles 
southeast of the San Buenaventura Mission, and on a perpendicular bluff about 40 feet 
high, on the road to the house of Raimundo Olivas. It is close to the bluff at the point 
where the road approaches nearest it. The center I U 

1 

S [ was marked by a red 
stone monument sunk 1 34 feet in the ground ma:-ked Ranging north, south, 
east, and west from this were eight cedar stubs with 1 C S. copper tacks in the 
tops, tlie nearest of which were 3 feet 11 inches, and the outside ones 5 feet 10 inches 
distant. All the marks were covered with earth. 

Anacapa (Anacapa Island, California, 0. H. Tittmann, 1876).-0n the .middle of 
the three islands forming Anacap~ Island, not on the highest point but nearest the east 
end. The station was marked by an irregular pier of rough stone, built on a bed of 
concrete 2 feet below th~ surface. In the top of the pier a hole was drilled, filled 
with lead, marked with a cross. The reference marks were copper tacks leaded into 
holes drilled in the outcropping rock, distant from the center as follows: to the north, 
5 feet; to the northeast, 6.11 feet; to the south, 13.95 feet; to the west, 6.45 feet. 

Conejo (Ventura, Cal., W. E. Greenwell, 1857).-0n the highest part of an iso
lated mountain on the Rancho del Conejo owned by Don Jose Lorenzana, of Santa 
Barbara, and 1 'mile north from the house occupied by the foreman of the ranch. 
The station was marked by a granite slab 5 inches square sunk in the ground and 
marked 

Four live oak stubs, 6 inches in diameter, with nails in the center, were driven in the 
ground, to the north, south, and east, 4 feet 5 inches from the center; and to the west 
3 feet 10 inches fr9m the center. 



COAST AND. GEODETIC SURVEY REPORT, 1904, · 

Santa Clara (old) (Ventura County, Cal., W. E. Greenwell, 1855-1860.)-About 
18 miles northeast of San Buenaventura, and about 5 miles east of Punta de la Loma; 
on the rancho San Cazotano owned by T. Wallace Moore; on the mountain range south 
of the Santa Clara Valley, running from San Fernando to Punta de la Loma; on a red 
egg-shaped peak, the highest in this immediate range. The station was marked by four 
live oak stubs 2 feet from the center to the north, south, east, and west. 

Saddle Mountain (Los Angeles County, Cal., W. E. Greenwell, 1'860).-0n the 
top of the northeastern and sharper of two peaks, in an isolated mountain range com
mencing near the Cowango and ending at the laguila near the cx::ean. It is 5 or 6 
miles from Point Dume and about midway between the ranchos of Malga and Santa 
Monica. The station was marked by a sandstone monument sunk 2 feet inthe ground 
and projecting 3 inches above it, with the letters 

on the top. Four sandstone blocks, each sunk l 'foot 6 inches, were placed to the north, 
south, east, and west of the center. · 

San Fernando (old) (Los Angeies, Cal., W. E. Greenwell, 1855-1860.)-About 5 
mile5 from the old mission of San Fernando, on a peak, not the highest, of a mountain 
range known as San Fernando Mountains. To reach the station, start about west by 
north from the old mission of San. Fernando and follow the foothills to Los Alisos 
Canyon; a.bout halfway up this a trail leads to the left over a sharp ridge and up a 
winding canyon; follow.the canyon up to a sulphur spring near its head; a trail leads 
from there to the mountain top, which is free of underwood ·and trees. 'l;'he mountain 
lies in a northwest direction from the Puebla de Los Angeles and is crossed by 
the road to Fort Lyon. The station was marked by a red stone monument with 

on the top. To the north, south, east, and west 5 feet from the center were four live 
oak stubs with composition nails in the tops. 

Cowango (Los Angeles County, Cal., W. E. Greenwell, 1856).-0n the northwest 
I 

peak of a conspicuous red hill, which is very abrupt, has little or no vegetation, and is 
on the east side of and about midway through El Paso de Cowango, a pass or wagon 
road through a range of the Coast Mountains which separates the Los Angeles plains 
from the San Fernando Valley. The station was marked by a sandstone slab with the 
letters U S C S on top. To the north of the center 4 ,feet 2 inches, a hole was drilled in 
the rock and lead was poured into it and marked with a. cross on top; a similiar mark 
was made 6 feet 7 inches south of the center. Two wooden stubs; each with a compo
sition tack marked with a cross on the top, were driven in the ground 3 feet 10 inches to 
the east and west. 

CataHna Peak (Santa Catalina Island, Cal., S. Forney, 1876; D. B. Wainwright; 
1870).-0n the top of the highest peak of the island. (Note 20, p. 617.) 
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Santa Barbara IslaWI (Santa Barbara Island, Cal., A. W. Chase, 1871; H. C. 
Taylor, 1876; 0. H. Tittmann, 1876; D. B. Wainwright, 1878).-0n the south
west one of two rounded knolls, on the highest part of the island. The station 
was marked by a square granite block, bearing the letters U. S. C. S., and having an 
iron bolt in its center. Four bottles were placed just under the surface of the ground, 
one on each side of monument, 33. 2 feet from it, in line with the station and the high 
mountain on Santa Cruz Island, and one on each side of monument, 33.2 feet from it, 
in line with the station and the northwest end of Santa Catalina Island. Also the 
bottoms of the holes in which the framework of the signal of 1876 rested were covered 
with layers of broken stone, 8 inches thick, packed down, and they occupy the corners 
of a square of which the monument is the center. 

Harbor (San Clemente Island, Cal., W. E. Greenwell, 1860; D. B. Wainwright, 
1877-78; S. Forney, 1878-79).-0n the top of a conspicuous hill on the north face 
of the island, south of a cove. The center was marked by a stone 3 by 6 inches on 
the top, with a lead bolt, buried even with the surface of the ground. Four redwood 
stubs, 2 by 3 inches, were driven in the ground each 2 feet from the cent_er: The three 
Oregon pine theodolite stubs were left. 

West Peak (Santa Catalina Island, Cal., S. Forney, 1875; D. B. Wainwright, 1876-
78).-0n the highest peak on the west end of the island. (Note 20, p. 617.) 

Saddle Peak (San Luis Obispo County, Cal., L. A. Sengteller, 1872; W. E. Green
well, 1881; J. S. Lawson, 1884).-0n one of the peaks of the range of mountains which, 
commencing with the west side of the San Luis Creek, about 2.~ miles from its mouth, 
extends westward toward Morro Bay. Looking from San Luis Hill or from the coast, 
two mountains, whose tops bear resemblance to a saddle, will be seen. The station was 
located on the northern and higher peak of the western mountain. The eastern moun
tain, about three-fourths mile distant, is the highest in the range. The peak on which 
the station was _located is the sharpest of the high peaks. There are no hig~ peaks 
between it and the ocean, to the south and west. A stone with a small hole drilled in 

· its upper surface was buried 3 feet below the ground. Another stone was placed with 
its top even with the ground. Four reference stones were placed as follows: To the 
north, 4.03 feet from the center; to the south, 4. 18 feet; to the east; 3.54 feet; to the 
west, 2.62 feet. 

Cahto (Mendocino County, Cal., A. F. Rodgers, 1880).-0n the highest point of 
a range of mountains just at the eastern edge of the redwood forest belt. To reach the 
station follow the Humboldt wagon road for about 3 miles from Cahto P. 0. (or about 
one-fourth mile beyond Roderick's ranch), then tum into the field to the left and take 
the trail t<? the "Big Opening, " where there is a spring; the trail to the station lead& 
up the hillside to the right fro~ this spring. The station was marked by a glass bottle 
·embedded in the ~enter of a concrete pier and by a nail in the wooden core in the top of 
the pier, 2.73 feet above the bottle. Another.bottle was placed as a subsurface mark, 
1.38 feet below the first. 

King Peak (Humboldt County, Cal., A. F. Rodgers, 1879, 1881-82).-About 10 
miles north of Shelter Cove or Point Delgada and about 4 miles east of the nearest point 
of the coast line, on the highest summit in that vicinity. The underground mark was 
a brass candlestick set in cement and protected from vertical or lateral pressure by a red-
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wood board. The center of the socket marks the station. The surface mark was a hex
agonal concrete pier, with a wooden core 3 inches in diameter, having the station center 
marked on it by intersecting lines. The observations of 1871 were made on the highest 
point of the peak, which should correspond closely to the 8.. 

Mount Lassic(Humboldt County, Cal., E. F. Dickins, 1892).-0n the most western 
and least prominent of the three buttes which rise in sharp conical outlines about 200 
feet above the general surface of the mountain. The highest of the three buttes is 
east of and about three-fourths of a mile from the one on which the station is located 
and which is the easiest of access. The rocks to the westward of the station are about 
3 feet higher than the station. The station was marked by a flat-top, irregular-shaped 
rock, set in concrete, the top even with the surface of the ground, in which was drilled 
a hole, with a copper bolt to mark the center. Over this was erected a concrete pier, 
20 inches square and 4 feet in height, in the top of which was set another copper bolt 
to mark the center of the station. Two reference marks (holes drilled in the surface 
rock and filled with lead) were placed, one nearly in line to King Peak, distant 7 feet 
8 inches from center, and the other on prolongation of the same line to the northeast, 
distant 8 feet I I 3{ inches from the center. 

Chemise ll£ountain (Humboldt County, Cal., A. F. Rodgers, 1872; B. A. Colonna, 
1878; D. B. Wainwright, 1881).-0n the high knob of the summit of Chemise Moun
tain, the highest coast summit immediately east of Shelter Cove. The station was 
marked by a black bottle, buried neck up, 10 inches below the surface; over this was 3 
inches of earth, then a stone even with the surface, in the top of which was a half-inch 
drill hole about l inch deep. Three stones, ,each with a drill hole in the top, were _ 
placed 5 feet distant, as follows: One on the line to Cahto Mountain and the others, 
roughly, 120° from it. The three form a triangle, with sides 7.7 feet, 8.4 feet, and 9.7 
feet. 

Bear Ridge (Humboldt County, Cal., A. F. Rodgers, 1869; S. Forney, 1882; A. 
F. Rodgers, 1883).-Upon the first main ridge north of Cape Mendocino, which, at the 
ocean, forms False Cape; upon that part of the ridge known locally as the Big Hill. 
The station was marked by a heavy redwood stub placed 3 feet in the ground, the top 
level with the surface, over which was a heavy stand of redwood timber, with the feet 
firmly set in the ground. Four quart bottles were buried in the ground north, south, 
east, and west of the center and 6 feet from it. 

Mad River (Humboldt County, Cal., A. F. Rodgers, 1870-1883; E. F. Dickins, 
1892).-Upon the northern of the two summits known as the "Mad River Buttes," on 
the ranch of Tod and Crawford, 5 miles from and 3 300 feet above their ranch house. 
The station was marked by a pine stub l foot in diameter covered with a cairn of rocks, 
and by four bottles placed 6 feet from the center to the north, south, east, and west. 

La Mesa (Los Angeles County, Cal., W. E. Greenwell, 1856; G. Davidson, 1871;• 
A. W. Chase, 1875; F. Westdahl, 1887).-About l~ miles from the ocean, on the side 
of a hill northeast of Santa Monica; about 400 meters southwest of the tracks of the 
Los Angeles and Independence Railroad and about 300 meters north of a road; about 
35 feet above the level of the road and 175 feet above sea level; about 40 yards from the 
northwest corner of the table-land of the hill and almost in line with Twenty-second 
street, Santa Monica. The station was marked by a hole in the top of a red sandstone 
about 3 inches above the surface· of the ground and leaning a little to the northeast. 
There was a similar hole in the side of the stone, plugged with wood. 



APPENDIX NO. 9. TRIANGULATION IN CALIFORNIA. 

Point Dume (Los Angeles County, Cal., W. E. Greenwell, 1856; G. Davidson, 
1871).-0n the headland of Point Dume, about l foot lower than the highest point and 
about l 2 feet in a southerly direction from it. The station was marked by a large stone 
with an inch drill bole in the top, buried 3 inches below the surface. Four redwood 
stubs, 4 inches square, projecting 3 inches above the ground, each with a copper nail in 
the top, were placed thus: to the north, 4 feet 9U inches from the center; to the east, 
4 feet 10 Yz inches; to the south, 4 feet r r Yz inches, and to the west, 4 feet 10Yz inches. 

Gavilan (Monterey County, Cal., R. D. Cutts, 1852; W. E. Greenwell, 1864).-
0n the crest of the mountain separating the Pajaro Valley from Valley of Salinas, and 
about 4 miles to the southward of the Mission of San Juan. The crest is composed of 
a line of sharp rocky peaks from 2 800 to 3 ooo feet high, and the station is on the 
western extremity, on a small platform of level land, just where the ground commences 
to fall rapidly. The station was marked by a stone block, with a drill hole in the top, 
filled with lead, set 2 Yz feet below surface of ground. Three lead bolts in fixed rocks 
are as follows: one I 3 feet 2 inches south by west (approximately); one I 3 feet 9 inches 
southeast (approximately), and one 5 feet 9 inches north by east (approximately) from 
the center. 

Pajaro Moutli (Monterey County, Cal., R. D. Cutts, 1852).-0n the north· side of 
the mouth of Pajaro River, on the summit of a sand knoll about 20 feet high. A line 
of these sand knolls extends from the mouth of the river along the shore, and the knoll 
on which the station is located is about 50 meters from the south end of the line. The 
station was marked by a stone block, with a drill hole filled with lead, set 3 feet below 
surface; also by three other blocks, similarly marked, even with the surface, two in 
line and one at right angles, and each 6 feet from the center. 

Santa Cruz Azimutk Station (Santa Cruz County, Cal., R. D. Cutts, 1852-54; 
W. E. Greenwell, 1864).-0n a smootlr, rounded hill back of the village of Santa Cruz, 
Yz mile west by south of the Mission and 2 miles west-northwest of the Embarcadero. 
About 170 meters northeast of station is Gordon's limekiln. The station was marked 
by a stone block, in ·which_ a hole was drilled and filled with lead, set 3 feet below sur
face, and three other blocks, similarly marked and placed, two in line with the center 
and one at right angles to this line, and each 6 feet distant from the center. 

Point Pinos Latitude .Station (Monterey County, Cal., G. Davidson, 1851; W. E. 
Greenwell, 1864; A. F. Rodgers, 1875; Lieut. F. Swift, 1904).-0n northeasterly part 
of Point Pinos, 680 meters east of the light-house and 200 meters from the shore. The 
center of a rocky knoll, with a pine tree standing on the western edge, bears N. 15° 
E. by compass, distant 153 feet from the center of the station, and is in range with and 
south of another rocky knoll and a large broken rock on the beach, the first large rock 
east of Luces Point. 8. Frorp the center of the station another rocky knoll bears N. 

• 73° W. by compass, distant 104 feet. This knoll is in the direction of and in range 
with the whistling buoy off Point Pinos and White Rock 8 's. There are three pine 
trees northwest of the knoll and one south of it within a short distance. The station 
was marked by a stone block, the top of which was even with the surface and had in 
it a drilled hole filled with lead. West of station 6.5 feet, east 6 feet, and south 8 feet 
are bottles buried with the necks even with the ground. Eighteen feet southwest and 
18 feet southeast are stones with holes drilled in top. The center stone and each of 
these reference marks were covered with a pile of &tones; 18.8 feet northeast was a hole 
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drilled in a large rock. A copper nail in a double pine tree was 75.7 feet S. 55° W. of 
·the station. 

San Bernardino Meridian (San Bernardino County, Cal., A. T. Mosman, 1899).
A cairn of rocks on the top, of the western peak of San Bernardino Mountain, marking 
the origin of the principal meridian for the United States Land Survey in Southern 
California. · 

MEXICAN BOUNDARY TO POINT LA JOLLA. 

Old Town (San Diego County, Cal., R. D. Cutts, 1852; G. Davidson, 187I; 
A. F. Rodgers, ~887; C.H. Sinclair, 1892; F. Westdahl, 1899).-0n the top of the hill 
about~ mile southwest of the old town, or North San Diego; just south of a road from 
North San Diego over the hill. The southwest corner of a new (1898) two-story 
house was about 108 feet east of the station. The station was marked underground by 
a pine stub with a nail in the top. Over this and l 2 inches below the surface was placed 

·a flat sandstone about 14 by 8 by 6 inches, with a Yz-inch drill hole in the top 1Yz 
inches deep. Three redwood stubs, each with a copper nail in the top, were placed 6 feet 
from the station; two are in line with Point Loma Light-house and the other at right 
angle,. nearly northwest. The three theodolite stubs, each with a fencing staple in the 
top, were left as reference marks. 

· Middle Loma (San Diego County, Cal., A. F. Rodgers, 1887; C.H. Sinclair, 1892).-
0n Point Loma, on the crest of the ridge between San Diego Latitude Station 1851 and 
the ocean. The road ~o the light-house passes within 22 paces of the station, between 
it and San Diego Bay. (Note 2, p. 615.) 

Chula{San Diego_ County, Cal., 0. B. French, 1892).-About r mile south of 
National City, on the east side of National City avenue or National City and Otay road, 
on the :;outh side of the top of a ridge, about 20 feet east of a cut for that road through 
the ridge-the first and only cut for the road south of National City. The station was 
marked by a stone jug (neck and handle broken) set about 2 feet below the surface of 
the ground. The surface mark was a 3-inch drain tile projecting. about 4 inches above 
the ground, the center being marked by a wire nail in ~he wood plug in the top of the tile. 

San Diego Longz'tudeStationI892(San Diego County, Cal., C.H. Sinclair, 1892).
In the southwest part of the San Diego city park, nearly where the south line of Fir 
street produced would intersect the center of Seventh street. The point was marked 
by a brick and cement pier I7 by 23 inches at the top, 3 feet above ground and about 
1 foot below, built on the hardpan. Probably destroyed (1903). 

San Diego LaHtude Statz'on I892 (San Diego County, Cal., C.H. Sinclair, 1892).
A brick and cement pier 17 by 17 inches, 3 feet above ground and· about 1 foot below, 
50 inches due west of the center of the longitude pier of 1892. Probably destroyed 
(1903). 

San Diego Latitude Station I85r (San Diego County, Cal., G. Davidson, 1851, 1871; 
A. F. Rodgers, 1887; F. Westdahl, 1899).-About 2 feet below and about 40 feet 
northeast of the.highest part of the first round-topped hill southwest of the north end 
of La Playa. The station was marked 2 feet below the surface by a porter bottle, 
bottom up, and below this a second bottle. In 1871 a large piece of salidstone rock 
was set with its top surface 4 inches below the general surface of the ground, a half
inch hole 1 Yz inches deep marking the exact center. To the north, 8 feet from the 
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center, was a buried bottle, and a stub, with a copper tack in the top, at the 'surface. 
Six feet to the east of the center a bottle was buried and a stub placed at the surface, 
and similar marks 8 feet south of the center. The middl'! of the east side of a wooden 
block, a foot and a half square and 2U feet above ground, was distant 17feet 7Yz inches 
from the center of the station. The three theodolite stubs, each with a fencing staple 
in the top, were left standing. 

Middle (San Diego County, Cal., F. Westdahl, 1899).-About 800 meters west of 
the southwest extremity of Spanish Bight, between the roadway outside the wire fence 
and the edge of the bluff. The station was marked by a bottle buried about 2 feet in 
the ground, with a 4-inch glazed tile above it, .projecting 6 inches above the surface of 
the ground, the whole surrounded by a cairn of stones. 

New· south (San Diego County, Cal., F. Westdahl, 1899).-About 1.3 miles south
east of Hotel Coronado, about 15 paces inside the ridge. · The station was marked by 
a 4-inch glazed tile firmly planted in the ground and projecting about 6 inches above 
the surface, filled with cinders and coal ashes .. Under this a bottle was buried, the· 
center of which marks the station. 

Mud (San Diego County, Cai., A. F. Rodgers, 1887).-0n the south shore of the 
entrance to San Diego Bay, about Yz mile inside, on a level piece of ground quite near 
high-water mark, where the ground begins to rise from the marsh which makes into 
the peninsula just inside the entraQce. 'fhe mud fl.at is quite wide opposite the station. 
(Note 2; p. 615.) 

San Diego 2 (San Diego County, Cal., G. Davidson, 1871; A. F. Rodgers, 1887 J.
In San Diego, on the line of the east side of Seventh street and I I feet IO inches south 
of the north line of Ash street. It was marked underground by a drilled hole in the 
irregular surface of the hardpan, which is composed of pebbles cemented together. 
The brick pier marking the San Diego Longitude Station 1871 was 15 feet 91)- inches 
true east of the station. The street was graded in 1~87, an~ the marks probably destroyed. 

San Diego Longi'tude Station I87I (San Diego County, Cal., G. Davidson, 1871).
Near the northeast corner of Ash and Seventh streets, on the west side of the ridge, 
between Seventh and Eighth streets; about 4.87 meters south of the comer concrete 
wall, and I I feet IO j6 inches SOU th and I 5 feet IO Yz inches east of the northeast corner 
of Seventh anq Ash streets. Marked by a briclc pier. Reported lost ( 1892). 

Indian Point (San Diego County, Cal., R. D. Cutts, 1851; G. Davidson, 1871).
Destroyed. See Indian Point 2 (p. 649). 

Blackjislt Point 2 (San Diego County, Cal., G. Davidson, 18v ).-On the first jutting 
point of the bluff inside the ocean beach of the peninsula at San Diego Bay, 56 yards 
from a bluff on the south and 12 yards from the edge of a bluff 18 feet high on the 
east. The station was marked by a block of sandstone 14 inches by 8 inches by -s 
inches, with a half-inch hole drilled 1 ~ inches deep. A small pile of stones was placed 
around the foot of the signal; no other stones are near the station and .very few any
where near on the surface. Four redwood stubs, each with a copper nail in the top, 
were placed each 6 feet from the station mark. 

Peninsula Point (San Diego County, Cal., A. F. Rodgers, 1887).-0n a point 
which projects into San Diego Bay from the low land between Point Loma and the 
main land, and connected with the flat inshore by a narrow neck; on a narrow sand 
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. ' 
ridge covered with marsh. grass, very near high-water mark. (Note 2, p. 615.) A 
small stake was driven into the center of the pipe level with the top. 

San Diego Sherman School (San Diego County, Cal., F. Westdahl, 1899).-The 
tower on Sherman Heights Schoolhouse, situated on the heights in the southern part of 
the city of San Diego. 

Old Adobe (San Diego County, Cal., A. F. Rodgers, 1887).-0n Point Loma, on 
the top of the hill which overlooks both San Diego Bay and False Bay, in the center of 
the remains of an old adobe house, the only house of this kind on the hill. (Note 2, 

p. 6 l 5.) In l 898 the remains of the adobe house were fast disappearing.; all of the 
earthenware pipe had been broken off except the bottom 4 inches. A small stake was 
driven in the center of' the pipe remaining, and a bottle placed alongside; the broken 
pieces of pipe were replaced and covered over. 

New False Bay (San Diego County, Cal., A. F. Rodgers, 1887).-0n Point Loma, 
011 top of the ridge, about the middle and 10 feet from the top of an eroded bluff 8 feet 
high, ori the ocean face of the rid5e, overlooking the ocean shore line for a considerable 
distance and the greater portion of False Bay. (Note 2, p. 615.) 

Bay Point (San Diego County, Cal., A. F. Rodgers, 1887).-About the middle 
(east and west) of the prominent point which makes into False Bay from north side, 
about 6 feet from the edge of the bluff, which is between 30 feet and 40 feet high 
opposite the station. (Note 1, p. 615.) 

Back Bay (San Diego County, Cal., A. F. Rodgers, 1887).-About 3~ miles 
north of North San Diego, on top of a hill just back of the northernmost bight of 
False Bay, on the prolongation of the shore line of the big_ht (marsh line) which runs 
nearly straight for one-fourth. of a mile toward the ocean from the nearest point of the 
bay. The ground is almost level near the station, rises gradually back of it and falls 
away toward the bay. The California Southern Railroad runs between the station and 
the bay. (Noter, p. 615.) 

H£ll (San Diego County, Cal., A. F. Rodgers, 1887).-0n the slope of the line of 
hills which lie back of the mesa bounding False Bay on the northwest. The hill falls 
rapidly to the mesa and the road from San Diego to La Jolla Park runs near its foot. 
The soil is quite hard and there are many loose rocks and bowlders. The slope of the 
hill is almost covered with a growth of cactus. (Note I, p. 6 l 5. ) . 

Beac/i (San Diego County, Cal., A. F. Rodgers, 1887).--0n the shore about a half 
mile up the coast from the extreme northwest part of False Bay, on top of a small 
mound about 9 paces from the top of the bluff bank to the beach, which is about 5 feet 
high at this point. (Note l, p. 615.) 

Knoll (San Diego County, Cal., A. F. Rodgers, 1887).-0n a bench in the hills 
overlooking the mesa northwest of False Bay. The knoll is quite level on top near the 
station, and the ground falls behind the station before rising to the higher portion of 
the ridge inland. A deep gulch is cut through the mesa from the hills south of the 
station to the beach on the north. The range of hills along the coast is not visible from 
the hill beyond this station. (Note 1, p. 615.) The soil is soft on top, but the under
lyi:J.g sandstone is soon reached. 

False Point (San Diego County, Cal., A. F. Rodgers, 1887).-0n the extremity of 
the point from which it takes its name, 5 paces from the edge of the bluff, which is 
about 50 feet high. At the foot of the bhlff there is no sand beach, but a quantity of 
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bowlders, which are exposed at low tide. The ground is level inshore from the station 
for some distance. (Note l, p. 615.) 

Wask (San Diego County, Cal., A. F. Rodgers, 1887).-0n the hills back of the 
mesa which lies north of False Bay, on a hill whose sides are very much eroded; about 
6 feet from the edge of one of these gulches, which is about 20 feet deep opposite the 
station. The erode4 sides of this ridge are quite prominent. (Note l, p. 615.) 

Island Point (San Diego County, Cal., A. F. Rodgers, 1887).-About 2~ miles 
south of La Jolla Park, on the edge of the xpesa, overlooking the _coast, and about 300 
meters· from the shore. The ground falls seaward from the station to a level bench 40 
feet below and about 250 meters wide. The bluff here is not high, and there is a 
detached rock forming an island a short distance offshore. (Note l, p 615, except the 
top of the bottle was 6 inches below the surface and the bottom rested on solid rock.) 

Moss (San Diego County, Cal., A. F. Rodgers, 1887).-0n a bench in the hills 
south of the La Jolla Park, where these hills approach nearest to the ocean. It is, 
apparently, in the prolongation of one of the streets as laid out. The ground is almost 
level near the station and is covered by a growth of moss, and the end of the ridge is 
very steep and bare and covered with bowlders. The station is on a small mound of 
red clay, the color contrasting distinctly with the surrounding gray moss. (Note l, 
p. 615.) 

Sandstone Point (San Diego County, Cal., A. F. Rodgers, 1887).-Near the coast, 
about l ~ miles south of La Jolla Park, on the mesa, near a clump of green bushes, and 
where the mesa begins to fall off rapidly ~award the shore (about 150 meters distant). 
Inshore the ground is almost covered with a growth of cactus, and offshore a large 
sandstone reef extends, which is uncovered at low water. (Note l, p. 615). 

Boulder (San Diego County, Cal., A. F. Rodgers, 1887).-0n the end of a small 
ridge back of La Jolla Park, on the prolongation of the line of Lincoln street. The end 
of the ridge is composed entirely of small bowlders which show very plainly from the 
mesa below. (Note 1, p. 615, except the top of the bottle is 2 inches below the surface 
of the rocks.) 

Sand Ridge (San Diego County Cal., A. F. Rodgers, 1887).-Near the coast, 
. about l mile south of La Jolla Park, at the highest point of a ridge of white sand, with 
green bushes growing along the sides and top. The bushes were cleaned away imme- · 
diately around the station. (Note l, p. 615.). 

Pentagon (San Diego County, Cal., A. F. Rodgers, 1887.)-ln La Jolla Park, on 
the edge of the slope overlooking the shore. (Note l, p. 615.) 

Benck (San Diego County, Cal., A. F. Rodgers, 1887.)-0n a prominent bench of 
the high ridge running inshore from La Jolla Park. The soil is very hard and rocky, 
and numerous small rocks and bpwlders are scattered over the ground near the station. 
(Note l, p. 615.) 

La Jolla Park (San Diego County, Cal., A. F. Rodgers, 1887).-In the town of La 
Jolla Park, on the top of the slope overlooking the coast, on lot 14, Prospect street, 
opposite the end of Lincoln street. (Note 1, p. 615.) 

Barranca (San Diego County, Cal., A. F. Rodgers, 1887).-011 the coast about r ~ 
miles above La Jolla Park, on the bluff overlooking thP beach, and ro paces south" of 
the mouth of a barranca. (Note 1, p. 615.) 
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Busli (San Diego County, Cal., A. F. Rodgers, i887).-About I~ miles up the 
coast from La Jolla Park, on the top of the first ridge across the valley back of (he cove 
abQve La Jolla Park. There are some bushes growing on the hill at the station peculiar 
from the fact of their leaning away from the coast and shading a good deal of open 
ground beneath them.. (Note I, p. 615.) 

Center (San Diego County, Cal., A. F. Rodgers, 1887).-About 2 miles up the 
coast from La Jolla Park, on the side of the ridge overlooking the coast. The ground 
near the station is aat. There are no marked. features near the coast, but it is the 
only point to be found that will see the four stations, Barranca, Ball, R~und Top, and 
Bush. (Note l, p. 615.) 

Ball (San Diego County, Cal., A. F. Rodgers, 1887).-0n the coast about half 
way between La Jolla Park and Soledad Canyon, on top of a narrow ridge overlooking 
the shore and running parallel to it. On the end of the ridge is a knoll, back of which 
is a narrow neck connecting it with another knoll, and again back of this the ridge 
narrows before joining the main body. The station is on the side nearest the canyon, 
inshore and a little'down the hill. (Note 1, p. 615.) 

Round Top (San Diego County, Cal., A. F. Rodgers, 1887).-0n the hills between 
La Jolla Park and Soledad Canyon, on top of a long flat ridge on the eastern side of 
these hills and overlooking a good deal of the back country and a portion of the road 
from San Diego to Del Mar. Between the station and the ocean is a large basin, which 
is probably covered with water in wet seasons. It has none of the brush growing on the 
surrounding hills, and forms a marked feature in this locality. (Note 1, p. 615.) 

Point Meganos (San Diego County, Cal., A. F. Rodgers, 1887).-0n the sand spit 
just north of the entrance ·to False Bay, on the top of the first and most prominent 
sand hill north of the broad flat beach on this side of the entrance. North of this sand 
hill is a large depression, the bottom of which is almost entirely covered with round 
bowlders. A number of these were collected and placed around the bottom of the 
signal. (Note 1, p. 615.) 

Standpipe (San Diego County Cal., F. Westdahl, 1898.,g9).-A tall iron standpipe 
belonging to the San Diego Water Company, on the north slope of the hill abOve Old 
Town, about 600 meters north of Old To:wn A. 

Cliannel Point (San Diego County, Cal., A. F. Rodgers, 1887; F. Westdahl, 
1898).-0n the point forming the north side of the entrance of Spanish Bight, San 
Diego Bay, on the peninsula between San Diego Bay and the ocean (note 2, p. 615), 
the pipe projected 3 inches from the ground. 

llferidt'an Mark (San Diego County, Cal., G. Davidson, 1871; A. F. Rodgers, 
1887; F. Westdahl, 1899).-0n the narrow peninsula forming the western boundary 
of the Bay of San Diego, on the west side of ~ clear place of white sand about 60 feet 
from the bay shore and within the margin of the bushes. The station was marked by 
a stub and by three theodolite stUbs, each with a fencing staple in the top. A brick 
pier 25 inches by i 7 inches, 3 feet below the surface and 3 feet above, was built north 
of the station, and the center of the brick pier was marked by a copper tube l ~ 

inches in diameter and 2-feet long. In 1887 the pier was even with the ground and fast 
crumbling to pieces. 

Glori'eta Bz'ght (San Diego County, Cal., A. F. Rodgers, 1887).-0n the north 
shore of Glorieta Bay, on the Boulevard of Coronado Beach, near the corner of Ynes 
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Place. (Note 2, p. 615.) It was stated in 1887 that the station would probably be 
destroyed in the course of a year. 

Indian Point 2 (San Diego County, Cal., A. F. Rodgers, 1887).-0n the beach of 
San Diego Bay between the La Choyas Valley and the valley of La Carbonera, on the 
top of a bank of earth thrown up by the California Southern Railroad Company, which 
was leveled in the immediate vicinity of the station. (Note 2, p. 615.) 

Made Point (San Diego County, Cal., A. F. Rodgers, 1887).-0n a point of made 
ground on the Peninsula opposite San Diego, on the west shore of San Diego Bay. 
Reported destroyed in 1899. 

National City (San Diego County Cal., A. F. Rodgers, 1887.-0n the embank
ment built into the bay for the California Southern Railroad wharf at National City, 
Cal., 011 the south side of the railroad. (Note 2, p. 615.) 

Sand Hill (San Diego County, Cal., A. F. Rodgers, 1887).-0n the narrow part 
of the peninsula between San Diego Bay and the ocean, about 2 Yz miles down the coast 
from the Hotel del Coronado on top of a sand hill, which is a little higher than any 
other within 3( mile. The slope of the hill is very steep toward the bay and there 
is a wide strip of marsh at its foot extending to the bay shore. There is another, but 
lower, sand ridge between the station and the ocean. (Note 2, p. 615.) 

Sweetwater (San Diego County, Cal., A. F. Rodgers, 1887).-0n a narrow sand 
ridge on a low marshy point, which forms the south side of the entrance of Sweetwater 
Valley. A quantity of beach sand was placed around the station over the marsh grass 
growing there. ·(Note 2, p. 615.) 

Slzell Hill (San Diego County, Cal., A. F. Rodgers, 1887).-0n a sand hill on the 
peninsula between San Diego Bay and the ocean, about 5 miles down the coast from the 
Hotel del Coronado, and just back of a prominent point which makes out into the bay 
opposite the south side of the Sweetwater Valley. A brickyard is situated on this 
point and there is a windmill a short distance southeast of the station. A quantity of 
white shells are scattered over the ocean face of the sand ridge near the station. 
(Note 2, p. 615.) 

Bruslz Hill (San Diego County, Cal., A. F. Rodgers, 1887).-At the beginning of. 
·.the peninsula between San Diego Bay and the ocean, on top of a prom~nent sand hill 

covered with a growth of small bushes, some of which were cut down aroupd the station, 
clearing the top of the hiU. (Note 2, p. 615.) 

Marslz Point (San Diego County, Cal., A. F. Rodgers, 1887).-0n the east side, 
near the head of San Diego Bay, on the low marshy shore; near the mouth of a small 
slough, on its north side, in a patch of marsh grass growing in the sand. (Note 2, p. 615.) 

Fislzerman Point (San Diego County, Cal., A. F. Rodgers, 1887; F. Westdahl, 
1899).-0n a point which projects into San Diego Bay from Point Loma at a place 
called Roseville. Several fishermen's huts are situated 011 the point, and direetly inshore 
from the station is a two-story frame house belonging to J. K. Milky. (Note 2, p. 615.) 

Cemetery Bluff (San Diego County, Cal., A. F. Rodgers, 1887).-0n Point Loma 
a short distance from Point Loma Light-house, on top of the ridge between the United 
States Cemetery back of Ballast Point and the ocean, on a small knob almost surrounded 
by an eroded bluff 12 to 15 feet high and connected by a very narrow ridge with the 
hillside toward San Diego Bay. The station was marked by the center one of five 
copper tacks driven into the top of a pine stub 4 inches square, projecting 14 inches 

10277-04-44 
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above the surface of the ground, which is hardpan. The three theodolite stubs, each 
with a fencing staple driven in the top, were left as reference marks. 

Entrance (San Diego County, Cal., A. F. Rodgers, 1887; F. Westdahl, 1899).
The offshore post of a large sign placed by the San Diego authorities on the south shore 
of the entrance to San Diego Bay, to warn ships not to anchor near the pipe line from 
San Diego to Coronado Beach. It was used as a hydrographic signal by the Corps of 
Engineers, United States Army. A 4-inch earthenware pipe was placed in the ground 
beside this post. It was reported in 1899 that the sign had been rebuilt, but probably 
in the same position. 

Ballast Point 2 (San Diego County, Cal., A. :I;". Rodgers, 1887).-0n the point of 
this name which projects from Point Loma into the entrance of San Diego Bay, just 
outside of the grass or bush line. (Note 2, p. 615 1 except no reference marks are 
mentioned.) 

South (San Diego County, Cal., A. F. Rodgers, 1887).-A hydrographic signal, 
erected by the Corps of Engineers, United States Army, near the ocean shore line on 
the peninsula between San Diego Bay and the ocean, abot:t a mile down the coast from 
the Hotel del Coronado. (Note 2, p. 615, except no reference marks were mentioned.) 

Black Flag (San Diego County, Cal., A. F. Rodgers, 1887; F. Westdahl, 1898).-
0n the south shore of the entrance to San Diego Bay, Cal., about a mile inside. The 
station was marked by a 4-inch pipe filled with coal cinders and ashes, into which a 
small stake was driven. A post used as a hydrographic signal was formerly beside the 
pipe, but was gone in 1898. 

Black.fish Point (San Diego County, Cal., R. D. Cutts, 1851 ).-Destroyed. (See 
Blackfish Point 2, p. 645.) 

Ballast Point (San Diego County, Cal., R. D. Cutts, 1851)._.Destroyed. (See 
Ballast Point 2, p. 650.) 

San Diego Azimuth Station (San Diego County, Cal., G. Davidson, 1851, 1871).
Nine feet nine and three-fourths inches west of San Diego Latitude Station 185 1 
(p. 644). Marked by a bottle buried 3 feet underground, and by a stub 6 feet to the 
west of the center. 

Middle Hydrographic Signal (San Diego County, Cal., A. F. Rodgers, 1887).-A 
hydrographic signal, erected by the Corps of Engineers, United States Army, on the 
ocean shore line of the peninsula between San Diego Bay and. the ocean, about % mile 
north of Spanish Bight. Reported lost in 1899. 

Tank (San Diego County, Cal., F. Westdahl, 1899).-A large water tank on 
Coronado Island, about 500 meters southeast of Ferry Tower 8. 

San Diego Court-House (San Diego County, Cal., F. Westdahl, 1899).-The figure 
of ''Justice '' on the cupola. 

Loma Southeast Tangent (San Diego County, Cal., F. Westdahl, 1899).-At high
water mark on the southeast extremity of Point Loma. Not permanently marked. 

Loma East Tangent (San Diego County, Cal., F. Westdahl, 1899).-The edge of 
the bluff over the perpendicular cliff constituting the eastern tangent of Point Loma. 
Not permanently marked. 

Bluff (San Diego County, Cal., F. Westdahl, 1899).-About 1 650 meters south 
of Ballast Point, at a point where the cliff line extends the farthest to the eastward, on 
top of and near the edge of the cliff. Th~ station was marked by a bottle buried about 
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2 feet and a surface mark consisting of a 4-inch glazed tile pipe placed above it, the top 
of which projects 6 inches above the surface of the ground. 

Pole (San Diego County, Cal., F. Westdahl, 1899).-0n a rocky point about mid
way between Ballast Point and La Playa, locally known as China Point, and prominent 
for the reason that the land falls immediately behind it before rising to Loma Ridge. 
Not permanently marked. 

Jetty (San Diego County, Cal., F. Westdahl, 1899).-0n the outer end of the 
piling of the jetty, San Diego Bay. Not permanently marked. 

Chimney (San Diego County, Cal., F. Westdahl, 1899).-A brick chimney erected 
on the north end of the structure used as a weighing house by the United States 
Engineers during the construction of the jetty in 1895-1897, Near and to the westward 
of the inshore end of the jetty, San Diego Bay. 

Phone (San Diego County, Cal., F. Westdahl, 1899).-A telephone pole standing 
about 750 meters east of the inshore end or base of the jetty, San Diego Bay. 

Quarantine (San Diego County, Cal., F. Westdahl, 1899).-The tall flagstaff in 
the center of the plaza of the United States Quarantine Station at La Playa Point. 

Cupola (San Diego County, Cal., F. Westdahl, 1899).-The cupola on the resi
dence of Mr. F. M. Howell on top of Loma Ridge, about 950 meters northwest of the 
United States Quarantine Station at La Playa Point. 

Bight (San Diego County, Cal., F. Westdahl, 1899).-About 375 meters southeast 
from the southeast extremity of Spanish Bight and about 3 meters north of the 
Boulevard. It \vas marked by a redwood stake driven 3 feet into the ground and 
surrounded by a cairn of rocks. 

Red Roof House (San Diego County, Cal., F. Wes'i.dahl, 1899).-A cupola on a 
building surrounded by orchards, on Loma Ridge. 

Ferry Tower (San Diego County, Cal., F. Westdahl, 1899).-The tower on the 
south end of the Coronado Ferry Company's building on the Coronado Island side of 
San Diego Bay. 

Stone (San Diego County, Cal., F. Westdahl, 1899).-The southeast gable of' a 
small pink house said to belong to a Mr. Stone, near the county road; about 100 meters 
above high-water mark, and from it Coronado Hotel is seen just to the right of 
Beacon 5. 

Ways Smokestack (San Diego County, Cal., F. \Vestdahl, 1899).-The iron smoke
stack on the engine-house of the marine railway located at Channel Point. 

Nail (San Diego County, Cal., F. Westdahl, 1899).-The iron smokestack on the 
building of the nail works at Roseville. 

Electric (San Diego County, Cal., F. Westdahl, 1899). The tall brick stack of 
the San Diego Electric Railroad Company's power house near the Santa Fe Railroad 
depot. 

Soledad Latitude and Azimuth Station (San Diego County, Cal., Fremont Morse, 
1879; A. T. Mosman, 1899).-A pier of brick laid in cement, 18.02 meters from Sole
dad 6 (p. 636), in azimuth 178° 321 4811

• 
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POINT LA JOLLA TO SAN MATEO POINT. 

Skell Mound (San Diego County, Cal., A. F. Rodgers, 1887).-0n the coast, about 
l Yz miles below the mouth of Soledad Canyon; on the first hill down the coast from a 
prominent eroded bluff with a gap in it. The top of the hill is round and fiat and 
numerous pieces of small white shells are scattered over its surface, a feature not 
observed at any other station in this locality. (Note l, p. 615.) 

Deer (San Diego County, Cal., A. F. Rodgers, 1887).-0n the high, rolling mesa, 
south of Soledad Canyon, inshore from a prominent eroded hill (with a gap in it) near 
the coast. (Note l, p. 615.) 

Red Bluff (San Diego County, Cal., A. F. Rodgers, 1887).-0n the edge of the 
bluff overlooking Soledad Canyon and inshore from an eroded hill (with a gap in it) 
near the coast. The bluff is almost perpendicular for a short distance on both sides of 
the station and the red of the eroded clay suggested the name. (Note l, p. 6 l 5.) 

Pine (San Diego County, Cal., A. F. Rodgers, 1887).-0n top of a very prominent 
sand hill at the south side of the entrance of Soledad Canyon. Two pine trees growing 
on top of this hill (the only ones) are conspicuous objects for some distance along the 
coast in both directions. The hill is the highest in the vicinity and a gap between the 
pine trees is a distinguishing feature. (Note l, p. 615.) 

W!iite Bluff (San Diego County, Cal., A. F. Rodgers, 1887).-0n a bluff over
looking a branch of the Soledad Canyon and its entrance near Delmar, Cal. The 
point of this bluff extends some distance south of the station and is very prominent 
from the canyon below. It is much eroded and the narrow neck connecting the knoll 
at the end with the bluff near the station is washed through at one place. A quantity 
of white eroded sandstone is exposed on the side toward Soledad Canyon. (Note l, 
p. 615.) 

Railroad (San Diego County., Cal., A. F. Rodgers, 1887).-0n the slope of the 
ridge formir~g the north side of the entrance of Soledad Canyon, about 250 meters from 
the bluff overlooking the beach and on the prolongation of the line of the seaward rail 
of the California Southern Railroad along the straight portion of the track through the 
town of Delmar. The ridgeinshoreismucherodednearthestation. (Note l, p. 615.) 

Delmar (San Diego County, Cal., A. F. Rodgers, 1887).-0n the top of the ridge' 
back of the schoolhouse, in the town of Delmar, Cal. The seaward face of the ridge is 
much eroded near the station and quite near it the top of the ridge is bare and covered 
with small brown pebbles. The small pavilion at the head of the steps leading to the 
bathing pool is visible through a gap in the eroded banks in front of the station. 
(Note l, p. 615.) . 

Wave Crest Point (San Diego County, Cal., A. F. Rodgers, 1887).-0n the low 
bluff overlooking the San Dieguito Valley, on the south side of its entrance, and on 
the prolongation of the line of the seaward rail of the California Southern Railroad, 
along the straight portion of the track through the town of Del Mar, about 10 feet 
from the edge of the bluff. (Note l, p. 615, except the bottle was a white glass beer 
bottle.) . 

Red Cliff (San Diego County, Cal., A. F. Rodgers, 1887).-About 2 miles up the 
coast from Del i11ar, on a sand hill in the southwest corner of land owned by Judge 
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Lane, on the bluff overlooking the beach, quite near the northwest corner of Red Cliff 
ranch. (Note 1, p. 615.) 

San Dilguito (San Diego County, Cal., A. F. Rodgers, 1887).-In Del Mar, Cal., 
on the edge of the bluff overlooking the San Dieguito Valley, at the end of the second 
ridge back from the coast on the hills between the Soledad and San Dieguito canyons. 
The bluff is very much eroded near the station and is almost perpendicular. A little 
to the east it is 40 to 50 feet high. (Note 1, p. 615.) 

Town (San Diego County, Cal., A. F. Rodgers, 1887).-In Del Mar, Cal., on the 
second ridge back from the coast, about halfway between Soledad and San Dieguito 
canyons. The ground is tp1broken near the station and has no peculiarities. (Note 
l, p. 615.) 

Pebble (San Diego County, Cal., A. F. Rodgers, 1887).-0n the ridge back of the 
mesa between San Dieguito and San Elijo creeks, at a point on the ridge when it falls 
abruptly to a lower level, making· the station quite prominent. The ground near the 
station is level and is covered with bushes. A great many round pebbles are scattered 
about. A black glass beer bottle, buried neck up, with its top 4 inches beneath the 
surface of the ground, the bottom resting on solid rock, was used as the station mark. 

Ledge (San Diego County, Cal., A. F. Rodgers, 1887).-0n the point forming the 
south side of the entrance of the Sau Elijo Valley, 011 the edge of the bluff overlooking 
the beach, about 10 feet distant on two sides. A large ledge of rock uncovers at low 
water, near the point. (Note 1, p. 615.) 

Searclz (San Diego County, Cal., A. F. Rodgers, 1887).-0n the second ridge back 
from the coast and about ~ mile north of the San Elijo Valley, on top of a long, flat 
ridge with nothing distinctive near it. The sandstone crops out in several places, and 
there is very little soil anywhere. (Note l, p. 615.) 

San Elijo (San Diego County, Cal., A. F. Rodgers, 1887).-Near Encinitas, about 
125 meters up the coast from the point which forms the north side of the entrance of 
the San Elijo Valley, on the bluff overlooking the beach at the mouth of San Elijo 
Creek. A small house stands by the road a short distance inshore from the station~ 
(Note 1, p. 615.) 

Ranclzen'a (San Diego County, Cal., A. F. Rodgers, 1887).-About l~ miles down 
the coast from Encinitas, on top of the first ridge back from the coast, near the point 
where there is a sudden fall of about 30 feet and the bluff is eroded. There are 
numerous rock, shells, etc., indicating its occupancy by the Indians. (Note 1, p. 615.) 

Flint (San DiegoCounty, Cal. A. F. Rodgers, 1887).-0n the end of a ridge about 
1 mile in shore from Encinitas; on top of the ridge north of an ei:oded place. Standing 

.off the end of the ridge is a very peculiar mound shaped like the frustrum of a cone, its 
base being of white sandstone, ~hen a thick layer of red sandstone with a little earth on 
top in which two or three bushes are growing. (Note 1, p. 615.) 

Encinitas (San Diego County, Cal. A. F. Rodgers, 1887).-0n the bluff overlook
ing the ocean opposite the town of Encinitas, on the highest of the sand hills opposite 
the south end of the town, but there is only one house down the coast from the station 
and none opposite to it. (Note 1, p. 615.) 

Kincaid (San Diego County, Cal., A. F .. Rodgers, 1887).-0n top of the ridge}.( 
mile back of Mr. L. C. Kincaid's house, near Encinitas. Inshore and south of the sta-
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tion, the hill is eroded, forming a steep bluff, the top of which is six paces distant. 
(Note l, p. 615.) 

Leucadia (San Diego County, Cal., A. F. Rodgers, 1887).-0n the bluff overlooking 
the ocean opposite the town of Leucadia, on top of a small sand hill. (Note l, p 615.) 

White Rock (San Diego County, Cal.,A. F. Rodgers, 1887).-0n top of a long and 
prominent ridge back of the entrance of San Marcos Creek and about Yz mile south of 
this creek. A quantity of white pebbles are scattered over the ridge. (Note l, p. 615.) 

Scott (San Diego County, Cal., A. F. Rodgers, l 887) .-On the bluff overlooking 
the beach about Yz .mile south of the entrance of San Marcos Creek across the California 
Southern Railroad from the house of Mr. Scott, on the top of a sand hill covered with 
a growth of weeds except on its seaward face, which is bare. About 30 paces south of 
the station is a sand ridge which is bare on the side facing the station. (Note 1, p. 615.) 

Rock (San Diego County, ·cal., A. F. Rodgers, 1887).-0n the hills about lYz 
miles north of San Marcos Creek and the same distance from the ocean, on top of a ridge 
crowned by a ledge of rock, about 2 feet of which is exposed on its seaward face about 
l 5 feet back of the edge of the ledge. A small patch of disintegrat.ed sandstone is down 
the ledge just north of the station. Two small houses are near the station and a shed 
is quite near, but they will probably be changed. (Note l, p. 615.) 

Post (San Diego County, Cal., A. F. Rodgers, 1887).-About 5 miles north of 
Encinitas, on land owned by Dr. A. H. Vail, on the top of the bluff overlooking the 
beach, 4 paces from a line of fence posts running from the bluff to the California 
Southern Railroad. (Note l, p. 6 l 5.) 

Escondido (San Diego County, Cal., A. F. Rodgers, 1887.)-About l mile from 
the coast, and back of Stewarts railroad station, on the top of a hill, commanding a 
considerable portion of the Agua Dodienda Valley. Numerous broken shells are scat
tered over the surface of the hill. The road from Stewarts railroad station to Escondido 
passes near the station. (Note l, p. 615.) 

Mull (San Diego County, Cal., A. F. Rodgers, 1887).-'0n the coast about Yz 
mile south of Carlsbad; on the bluff overlooking the beach in front of the residence of 
James Mull. A fence runs along 6 paces inshore from the station, and a road passes 
between it and the fence. The ground falls gently from the station both up and down 
the coast. (Note l, p. 615.) 

Kelly (San Diego County, Cal., A. F. Rodgers, 1887).-0n the ridge back of 
Carlsbad, about 2 miles from the coast; on top of a knoll slightly higher than the rest 
of the ridge. (Note l, p. 615.) 

Fire (San Diego County, Cal., A. F. Rodgers, 1887).-0n the top of the ridge 
back of South Oceanside, about 2 miles from the coast. The hill on which it is situated 
is .:iuite prominent and the south end, about 300 meters south of the station, is eroded, 
forming a bluff of red sandstone. (Note l, p. 615.) 

Trestle (San Diego County, Cal., A. F. Rodgers, 1887).-0n the coast, about l 

mile south of Oceanside; on the bluff overlooking the beach on the point forming the 
north bank of the first creek south of Oceanside. The California Southern Railroad 
crosses this creek on a trestle bridge which is in sight a short distance from the station. 
(Note r, p. 615.) 

San Luis (San Diego County, Cal., A. F. Rodgers, 1887).-0n the northwest end 
of a long ridge in the town of Oceanside. (Note r , p. 6 l 5. ) 
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Wire (San Diego. County, Cal., A. F. Rogers, 1887).-0n the Santa Margarita 
ranch, on top of the ridge back of the point between the mouths of the Santa Margarita 
and San Luis Rey rivers, about 2 miles from the coast and 300 meters north of the wire 
fence on the ranch line which crosses this ridge. (Note 1, p. 61 5.) 

Oceauside (San Diego County, County, Cal., A. F. Rodgers, 1887).-0n the coast 
in the town of Oceanside, on the bluff overlooking the beach at the point where it 
begins to fall toward San Luis Rey River. (Note 1, p. 615.) 

Spade (San Diego County, Cal., A. F. Rodgers, 1887).-0n the coast about 276 
miles below the mouth of Las Flores Creek on the Santa Margarita ratich. There 
is a level mesa inshore from the station for a mile or more toward the foot of the hills. 
(Note 1, p. 615.) 

Rabbit (San Diego County, Cal., A. F. Rodgers, 1887).-011 Santa Margarita ranch, 
on the slope of the ridge back of the mesa just on top of the first steep slope and about 
3 miles from Las Flores. The old coast stage road passes over the ridge a short ·aistance 
north of the station. (Note 1, p. 615.) 

Quartz (Sau Diego County, Cal., A. F. Rodgers, 1886).-0n the Las Flores ranch, 
about I mile down the coast from Las Flores Creek, on top of a long flat ridge, the 
crest and offshore slope of which is nearly all visible from the mesa below. Two large 
pieces of white quartz crop out of the ground, and a small, rough hole, drilled in the 
upper surface of the inshore and larger one, marks the station. This stone is 2 feet 
ro inches by I foot 10 inches and projects 8 inches above the surface of the ground. 
The smaller stone is 2 feet IO inches by I foot IO inches, the west end being as high as 
the larger stone and the east end even with the ground. The two stones are quite 
close together, being separated by 6 inches of earth at the surface of the ground. A 
small piece of red quartz, 8 by 8 inches and projecting 2 inches above the ground, is 
distant 4 feet 8 inches from the station. 

Mound (San Diego County, Cal., A. F. Rodgers, I886-87).-0n the Las Flores 
ranch, about a quarter of a mile down the coast from the mouth of Las Flores Creek, 
on the edge of the bluff overlooking the beach, on top of a small mound, which is 
near a barranca (down the coast from the station), distinguished from others by having 
an earthen pyramid left standing in its mouth. (Note I, p. 6I 5.) 

Flores Hill (San Diego County, Cal., A. F. Rodgers, 1886).-0n the Santa Mar
garita ranch, about I mile up the coast from Las Flores Creek, near the brow of a 
wide, round-pointed ridge, which falls off abruptly to the mesa. There is a higher 
knob between this ridge and the Las Flores Valley, but it is farther back from the 
coast and does not see Homo Hill. (Note I , p. 6 I 5.) 

Barranca Bluff (San Diego County, Cal., A. F. Rodgers, 1886).-0n the Las 
Flores ranch, about I 3( ri1iles up the coast from the mouth of Las Flores Creek, 011 the 
bluff overlooking the beach. There are several barrancas near it, on both sides, 
extending a short distance into the mesa. (Note I, p. 6I5.) 

Horno Bluff (San Diego County, Cal., A. F. Rodgers, I886).-0n the Santa Mar
garita ranch, on the bluff overlooking the beach, about half a mile up the coast from 
the mouth of Homo Canyon. (Note I, p. 615.) 

Horno Hill (San Diego County, Cal., A. F. Rodgers, 1886).-0n the Santa Marga
rita ranch, about 4 miles up the coast from Las Flores Creek, on the slope of the ridge 
which runs back from the coast opposite the corner of the wire fence running up the 
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coast from Las Flores ranch house, and which forms the lower side of a canyon, within 
300 n1eters of the top of the ridge, which is the crest of the San Onofre Mountains 
nearest the eastern side slope. A prominent peak is near the station and a large quartz 
rock on the side of the ridge can be seen from the road below. (Note l, p. 6 l 5.) 

Cuate Hill (San Diego County, Cal., A. F. Rodgers, 1886).-0n the Santa Mar
garita ranch, about 33/z miles down the coast from the mouth of San Onofre Creek, on 

'the highest point of a long ridge leading back from the coast, which commands an 
almost unobstructed view of the coast. The ridge forms the east or lower side of the 
lower fork of the Cuate Canyon. The station is not on the summit, but is high enough 
to see the still higher hills inshore. (Note l, p. 615.) 

Cuate Bluff (San Diego County, Cal., A. F. Rodgers, 1886). On the Santa 
Margarita ranch, about 3Yz miles down the coast from the mouth of San Onofre Creek, 
on a small point of the bluff overlooking the beach, immediately below the month of 
the Cafiola de los Cuates. (Note l, p. 61 5.) 

Onofre Hill (San Diego County, Cal., A. F. Rodgers, 1886).-0n the .Santa 
Margarita ranch, on the highest point of the first ridge down the coast from.San Onofre 
Creek, commanding a view of the coast from the point above the entrance to San Juan 
Creek to a point near San Diego. This ridge is the beginning of the San Onofre 
Mountains. (Note 1, p. 615.) 

Onofre Bluff (San Diego County, Cal., A. F. Rodgers, 1886).-0n the Santa 
Margarita ranch, about l Yz miles down the coast from the mouth of San Onofre Creek, 
on the edge of the bluff overlooking the beach. The top of the bluff up the coast is 
much eroded and bare near the station. (Note l, p. 615.) 

Cuchillo (San Diego County, Cal., A. F. Rodgers, 1886). On the Santa Margarita 
ranch, about r I miles down the coast from Capistrano, on the highest point of the ridge 
known as the '' Cuchillo Medio'' or ''Middle Knife,'' between the San Mat~o and 
San Onofre creeks, overlooking the coast and inshore from Medio. There are several 
small knobs along this ridge. (Note 1, p. 615.) 

Medio (San Diego County, Cal., A. F. Rodgers, 1886).-0n the Santa Margarita 
ranch, about 11 miles down the coast from Capistrano, on the point of the bluff forming 
the east side of the mouth of San Mateo Creek, quite near the edge of the bluff, which 
is perpendicular offshore from the station. ~Note 1, p. 615.) 

Mesa Point (San Diego County, Cal., A. F. Rodgers, 1886).-0n the Santa Mar
garita ranch, about 12 miles down the coast from Capistrano, on the point of the bluff 
where it rises from the mesa of the San Onofre Creek to the level of the coast mesa, at 
the lower end of the wide beach formed below the mouth of San Onofre Creek. (Note 1, 
p. 615, except a layer of cobblestones was placed in the hole immediately over the earth 
layer which holds the bottle in place.) 

Ridge (San Diego County, Cal., A. F. Rodgers, 1886).-0n the Santa Margarita 
ranch, on the crest of the San Onofre Mountains, overlooking the east San Onofre 
Valley, on the ridge back of Cuate Hill. A small, rough hole was made with a pick in 
the round point of the top of a stone which projects 8 inches above the surface of the 
ground, and the center of this hole marks the station. The top of the hill at the station 
is covered with laurel bushes, and the ocean slope is covered with grass. 

Road Knoll (San Diego County, Cal., A. F. Rodgers, 1886-87).-0n the Santa 
Margarita ranch, about 3 miles from the Las Flores ranch house, on the road to the 
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Santa Margarita ranch house, about l mile from the point where it leaves the coast road 
to San Diego, on a knoll 15 feet above and loo yards from the road. The surface of 
the knoll is covered with sage brush and with loose, irregularly shaped stones of the 
ordinary size of cobblestones, but not waterworn. Looking directly seaward, the white 
sediment patch near the beach at Shingle Bluff in the Canada de las Salinas is a promi
nent feature. (Note l, p. 615.) 

Slii11gle Bluff (San Diego County, Cal., A. F. Rodgers, 1886-87)-0n the Santa 
Margarita ranch, about 3 miles below the mouth of Las Flores Creek, on the bluff over
looking the beach immediately below the mouth of the Canada de las Salinas. In the 
Canada de las Salinas there is a large bed of white sediment a short distance inshore 
from its mouth. The beach in this vicinity is backed by a broad ridge of round stones, 
and is called the Shingle Beach. (Note l, p. 615.) 

Vailetta Point (San Diego County, Cal., A. F. Rodgers, 1887).-0n the bluff 
overlooking the beach known as Vailetta Point, about one-quarter of a mile north of 
entrance of San Marcos Valley, on land owned by Dr. A. H. Vail. (Note l, p. 615.) 

San Marcos (San Diego County, Cal., A. F. Rodgei:s, 1887).-0n the top of a 
prominent hill on the north bank of San Marcos Creek, about l ~ miles back of the 
entrance, commanding an extensive view of the San Marcos Valley and all the surround
ing country. There is only 6 inches of soil on the underlying sandstone, and conse
quently no surface mark could be used: A black glass beer bottle buried neck up, with 
its top 4 inches beneath the surface of the ground, was used as the statiQD mark. 

Stewarts Point (San Diego County, Cal., A. F. Rodgers, 1887).-0n the coast 
opposite Stewarts station, on the California Southern Railroad, on the bluff overlooking 
the beach on the first prominent point up the coast from San Marcos Creek. The coast 
road to Oceanside passes close to the station. (Note l, p. 615.) 

Santa Margarita River (San Diego County, Cal., A. F. Rodgers, 1887).-0n the 
Santa Margarita ranch, on the bluff overlooking the beach at the point forming the 
north side of the entrance of the Santa Margarita River, 5 paces back from the bluff on 
both sides. (Note l, p. 615.) 

SAN MATEO POINT TO NEWPORT BAY. 

Westmz'nster (Orange County, Cal., A. W. Chase, 1873).-ln Westminster, on the 
great plain stretching back from the Anaheim Landing, about 5 miles northeast of 
the landing and 4 miles from the sea, on the farm and 80 feet northwest of the 
northwest corner of the house owned and occupied (1873) by a Mr. Strong, about 20 
feet east of north and south line dividing sections 2 and 31 township 5 south, range l l 

\~est, and in section 2. The ground is perfectly flat and level, and there are no promi
nent marks to identify the point.' The ground west of Strong's line, east of the station, 
is laid out as a'road, and if so used the station will be in the road. The station is in 
line east and west with Strong's fence and artesian well. The station was marked by 
t\v,o glass bottles, the lower buried 4 feet below the surface, the upper touching the 
lower. On the surface was a stone block 6 by 6 inches, 8 inches long, projecting l inch 
above surface, marked U.S. C. S., with a cross to mark the center of the station. Four 
redwood stubs, each distant 3 feet from the center and with a copper tack in the top, 
were placed to the north, south, east, and west (magnetic). 
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Santa Ana (Orange County, Cal., A. W. Chase, 1873-4-5).-About l~ miles east 
of Santa Ana River, l mile west of the town of Santa Ana and 12 miles from 
Anaheim Landing, and 67 paces from the road between them. Near the station and 
near the apex of the sharp angle of this road with a road leading from the house of 
Sepulveda, one of the old rancheros of the county, 40 paces east of a willow fence, there 
is a small but very remarkable elevation in the road. A glass bottle was buried 3 feet 
for the underground mark, and on the surface was placed a square stone block, marked 
U. S. C. S., with a hole drilled in the center. Four redwood stubs, each with a copper 
tack in the top, were also placed, each 3 feet from the station, to the north, south, east, 
and west. 

La Mesa (Orange County, Cal., A. W. Chase, 1873-4-5).-0n the table-land 
beyond the Santa Ana River forming the Rancho La Mesa, about three-quarters of a 
mile from the sea and about 2 miles west from the house on the Rancho La Mesa, 
about 185 yards eastward from the end of a branch canyon or barranca which is found 
about 750 paces from the fork in the Santa Ana River. The station was marked by a 
glass bottle buried 3 feet underground, and on the surface by a square stone block with 
a drilled hole and the letters U. S. C. S. on the top. Four stubs, e.ach with a copper 
tack in the top, were placed 3 feet from the station, to the north, south, east, and west. 

Frencli Hill (Orange County, Cal., A. W. Chase, 1875).-0n the San Joaquin 
ranch, on the highest hill about 2 miles E. 20° S. (magnetic) from the ranch house 
and S. 10° E. (magnetic) from Mount San Antonio, about three-quarters of a mile 
southwest of a very distinct loma covered with ragged rocks, much lower than the hill 
on which the station is located, at the foot (southern) of which winds a ditch running 
northeast and southwest, through which water runs and finally loses itself in the sand. 
The station was marked by a half-inch hole drilled 2 inches deep at the center of a 
cross in flat stone lying on surface of ground. Three stubs, each with a copper nail 
in the top, were placed 6 feet from the center, one in line to the town of Santa Ana, 
one in prolongation of this line, and the third at right angles, to the northeast. 

San Joaquin (Orange County, Cal., A. W. Chase, 1874; A. F. Rodgers, 1884).-
0n one of the peaks of the range of hills back of the San Joaquin ranch house, and east 
of Newport Bay. To reach the station, go south from the San Joaquin ranch 
house by the faint trail used to send supplies to the sheep camps. Before starting, 
notice the highest peak of the hills; it is crowned with a heap of stones that show black 
from the house. When halfway through the canyon, take a long ridge to the right and 
follow it up. You can drive up this ridge for a long distance, but not directly to the 
station. When you get to a sudden breakdown in the hills, walk up to the highest 
point that you see; you will find it crowned with large rocks. Then go over this 
knoll, and directly west, about 500 meters distant and on the next commanding point, 
you wjll find the station. From this point you see through a gap the bluff ori the 
seacoast to the west and the kelp bed lying offshore. You also see Newport bar, and 
to the south, the point and reef of rocks above San Juan Capistrano River. The station 
is about the middle of the knoll, and was marked by a cross on a stone 6 inches 
square. Three bottles were buried, each 2 feet from center point and bearing north, 
south, and east (magnetic), 1 foot beneath surface of the ground. Three redwood 
stubs, 3 by 4 by 18 inches, each with a fencing staple in the top, were driven around 
the center with their tops even with the surface of the ground, to support the theod
olite stand, 2.9 feet from the station. 
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Newport (Orange County, Cal., A. W. Chase, I875).-Near the head of Newport 
Bay, where it expands into a wide and shallow basin, on the south side, about opposite 
the old fence of the San Joaquin ranch, near which are the sulphur springs, on the 
second bench or rise. (Note II, p. 616.) 

Spur (Orange County, Cal., A. W. Chase, 1875).-0n the southern part of the 
top of the spur of the foothills, the only prominent hill in the neighborhood upon 
which any brush grows; W. French's house bears N. 15° E. The station was marked 
by a buried bottle and a 2-foot redwood stub at the surface with a copper tack in 
the top. 

Bruslz (Orange County, Cal., A. W. Chase, I875; A. F. Rodgers, I884).-North
east of the mouth of a slough and north of the point of rocks next east of the slough, 
on the first brush-covered hill east from La Mesa & , conspicuous for the density of the 
brush. The station was marked by a 2-foot redwood stub, with a copper tack in the 
top, projecting 4 inches above ground, under which was a glass bottle. Three refer
ence stubs, 1 .05 feet in length, projecting 1 inch above the ground and with a copper 
tack in the top, were set 6 feet from the center, two in line with the east end of Santa 
Catalina Island and the third at right angles, to the westward. Three redwood stubs, 
3 by 4 by I8 inches, buried even with the surface of the ground, with a fencing staple 
in the top of each, were placed distant from the center as follows: The one toward the 
ocean, 3.2 feet; the others, 3.2 and 3.1 feet. 

Pond (Orange County, Cal., A. \V. Chase, 1875; A. F. Rodgers, 1884).-0n the 
same ridge as Brush & , and about three-fourths mile east of it. There is a small fresh
water pond 100 meters northeast of the station, over the middle of which San Joaquin& 
shows. The station was marked by a 2-foot redwood stub, with a copper tack in the 
top, even with the surface of the ground, under which a bottle was buried. Three ref
erence stubs, each with a copper tack in the top, were placed 6 feet from the center. 
Three other stubs, with a fencing staple in the top, were placed 3.3, 3.4, and 2.8 feet 
from the station. 

Abalone Knoll (Orange County, Cal., A. F. Rodgers, 1884).-0n the San Joaquin· 
ranch, in the vicinity of Laguna Canyon, on a very prominent isolated mound, the 
only mound of this description near the coast between Laguna Canyon and Newport 
Bay. The soil is very rocky. (Note IO, p. 616.) 

Reef H£ll (Orange County, Cal., A. F. Rodgers, 1884).-0n the San Joaquin 
ranch, on the top of the ridge inland from Reef Point, where the ground is hard and 
there are numerous rocks. The station is surrounded by patches of mustard (note 10, 
p. 616); the distances to the stubs are 2.3, 3, and 3.6 feet. Four small stubs were also 
drjven in the ground, each 20 inches from the station. 

Aliso Peak (Orange County, Cal., A. F. Rodgers, 1884).-0n the top of a very 
prominent sharp peak immediately east of Aliso Canyon, overlooking the canyon and 
the ranch of Mr. G. W. Thurston, whose house is nearly north of the station. (Note 
IO, p. 616.) 

Soutlz Niguel (Orange County, Cal., A. F. Rodgers, 1884).-In the vicinity of 
Aliso Canyon, on land belonging to Forster and Egan, of Capistrano, on the point of 
the main Niguel ~idge, which near the station is quite narrow, and south of it falls 
away rapidly to the coast. (Note 10, p. 616.) 

Dana (Orange County, Cal., A. F. Rodgers, 1884).-In the vicinity of Capistrano, 
on land owned by Henry Charles, on the summit of a prominent conical-shaped hill 
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which forms the west headland of the bight of San Juan Capistrano. (Note 10, p. 616.) 
Some ''clinkers'' from a blacksmith shop were placed around the bottle and scattered 
over the surface of the ground around the station. 

Egan (Orange County, Cal., A. F. Rodgers, r884).-About r mile west of Capis
trano, on land owned by J. E. Bacon, on the top of a prominent flat-topped hill, one of 
the range forming the west boundary of the San Juan Capistrano Valley. (Note ro, 
p. 6r6.) The bottle was surrounded with clinkers from a blacksmith shop, and some 
were scattered on the surface of the ground around the station. 

Widows Hill (Orange County, Cal., A. F. Rodgers, 1884).-0n a very prominent 
hill on the Boca de la Playa Rancho, about one-third of a mile east of Mrs. Pryor's 
house; the ground on all sides falls away rapidly from the station. (Note ro, p. 6r6) 

Ring Cliff (Orange County, Cal., A. F. Rodgers, 1884).-0n the Boca de la Playa 
Rancho, r mile east of the mouth· of the San Juan Capistrano River and quite close to 
the road from Capistrano to San Diego, on the coast bluff. (Note Io, p. 616.) 

Forster (Orange County, Cal., A. F. Rodgers, 1884).-0n the Boca de la Playa 
Rancho, about 2 miles from the San Juan Capistrano River, on the top of the highest 
hill northeast of its mouth. (Note 10, p. 616.) 

Martin (Orange County, Cal., A. F. Rodgers, 1884).-0n the Boca de la Playa 
Rancho, on the edge of the bluff overlooking the coast, at a point 300 yards north of 
the first bridge on the coast road south of the mouth of the San Juan Capistrano River, 
60 yards from the road and 120 feet above it. The station can be approached from the 
north by a wagon (over the mesa), but from the bridge mentioned only on horseback 
or on foot. (Note Io, p. 616.) 

Flat Top (Orange County, Cal.,. A. F. Rodgers, 1884).-0n the Boca de la Playa_ 
Rancho, on the highest summit overlooking the coast of the· ridge which is reached 
after crossing the first bridge on the coast road south of the mouth of the San Juan 
Capistrano River; the greater part of this ridge is densely covered with mustard, which 
is a characteristic of this particular summit. (Note IO, p. 616.) 

No Brace (Orange County, Cal., A. F. Rodgers, 1884).-0n land owned by 
M. A. Forster of Capistrano, about three-quarters of a mile south of the first bridge on 
the coast road at the first prominent ravine south of the mouth of the San Juan Capis
trano River; on the south headland which rises about 120 feet above the beach and is 
about 15 feet wide on top at its end. (Note ro, p. 616). 

Green Ridge (Orange C_ounty, Cal., A. F. Rodgers, 1884).-0n land owned by 
M. A. Forster, of Capistrano, about a quarter mile from the coast road and about a 
mile and a half· below the point where, about 4 miles below the mouth of the San 
Juan Capistrano River, the coast road leaves the beach and goes upon the mesa; on 
the summit of a sharply-defined ridge which is covered with verdure except during the 
drought of summer. (Note 10, p. 616.) 

San A1ateo Point (Orange County, Ca1., A. F. Rodgers, 1884).-0n land owned 
by M. A. Forster, of Capistrano, on the bluff above the beach about 200 yards 
north of the mouth of San Mateo River, 100 yards west of the wire fence which is on 
the boundary line between Orange and S.an Diego counties, and 400 yards from the 
intersection of this wire fence and the coast road. ·(Note IO, p. 6I6.) 

Jlfendelson (Orange County, Cal., A. F. Rodgers, 1884).-0n land owned by M.A. 
Forster, about r }6 miles southeast of Capistrano, near the north boundary of the Boca 
de la Playa Rancho, on the western brow of a prominent conical hill. (Note 10, p. 616.) 
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Slzeefzan (Orange County, Cal., A. F. Rodgers, 1884).-About 1 mile north of 
Capistrano, on the main ridge between the San Juan and Trabuco valleys, on land owned 
by Henry Charles. The ground falls gradually away from the station to a mesa on 
which the Catholic Cemetery is situated. (Note 10, p. 616.) 

Argens (Orange County, Cal., A. F. Rodgers, 1884).-:About I mile northwest of 
the headland of the bight of San Juan Capistrano, 011 land owned by J.E. Bacon; near 
the northwestern edge of the top of a smooth flat-top hill. (Note !o, p. 616.) 

Black Flag (Orange County, Cal., A. F. Rodgers, I884).--,.-About a quarter of a 
mile west of Canada Salada, on a prominent bench at the southeast extremity of the 
Niguel ridge; on land owned by Forster and Egan, of Capistrano. (Note IO, p. 616.) 

Mussel Cove (Orange County, Cal., A. F. Rodgers, I884).-About 2 miles east of 
the mouth of Aliso Canyon, on land owned by the United States; on top of a small 
island (at high water). (Note 34, p. 6I8, the theodolite stubs being 2.7 feet, 2.4 feet, 
and 2.7 feet, respectively, from the center.) 

Abalone Hill (Orange County, Cal., A. F. Rodgers, I884).-0n the San Joaquin 
Rancho, on the ridge inshore from Abalone Knoll. The station is surrounded by rocky 
ground for a distance of 50 feet and a large patch of chaparral is I5 feet back of it. 
(Note IO, p. 616.) The bottle was surrounded by small stones. 

Two Rock Hill (Orange County, Cal., A. F. Rodgers, 1884).-0n the San Joaquin 
Rancho, on the ridge inland from Two Rock Point, which is the second ridge north of 
Laguna Canyon. The soil is hard and rocky. (Note IO, p. 6I6.) 

East Bluff (Orange County, Cal., A. F. Rodgers, 1884).-0n the Boca de la Playa 
Rancho, on a nearly level mesa about a quarter of a mile east of the mouth of the San 
Juan River and about loo yards north of the bluff overhanging the coast (Note 
IO, p. 6I6.) 

West ~noll (Orange County, Cal., A. F. Rodgers, I884).-0n the Boca de la Playa 
Rancho, on a mesa about 250 yards west of the San Juan River and about a third of a 
mile north of its mouth. (Note 10, p. 6I6.) 

East Knoll (Orange County, Cal., A. F. Rodgers, I884).-0n the Boca de la Playa 
Rancho, half a mile east of the San Juan River, on a projection of the mesa and between 
two ravines. (Note 10, p. 6I6.)' 

Capistrano North Base (Orange County, Cal., A. F. Rodgers, I884).-0n the Boca 
de la Playa Rancho, in Mrs. Pryor's walnut orchard, and about 250 yards from her 
house. (Note IO, p. 6I6, a copper rivet with e; cross on its top being driven into the 
center stub.) 

Capistrano South Base (Orange County, Cal., A. F. Rodgers, I884).-0n the Boca 
· de la Playa Rancho, near a small gully and not far from the boathouse on the beach. 

(Note IO, p. 6I6, a copper rivet with a cross on its top being driven into the center stub.) 
Capistrano Middle Base (Orange County, Cal., A. F. Rodgers, I884).-0n the Boca 

de la Playa Rancho, halfway between Capistrano South Base and Capistrano North 
Base. (Note Io, p. 6I6, ·a copper rivet with a cross on its top being driven into 
the center stub.) 

Aliso Point (Orange County, Cal., A. F. Rodgers, 1884).-0n land belonging to 
L. F. Goff, on the first rocky point east of the mouth of Aliso Canyon, distant about 
300 yards, and near the southeast extremity of a piece of cultivated land.. (Note 34, 
p. 618.) 
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Goff Ridge (Orange County, Cal., A. F. Rodgers, 1884).-0n land belonging to 
F. M. Goff, northwest of his house, on the third point of the ridge north of Aliso Can
yon, considerably below the summit of the ridge, on the top of a small mound of earth 
and stones; the soil is extremely rocky. (Note Io, p. 616.) 

Goff .Island (Orange County, Cal., A. F. Rodgers, I884).-0n land belonging to 
F. S. Goff, on the _top of an island (at high water) offshore from his house. (Note 
IO, p. 616.) 

West Bluff (Orange County, Cal., A. F. Rodgers, 1884-).-0n land owned byM. A. 
Forster, on a bluff overhanging the west side of the San Juan River at its mouth. 
(Note 10, p. 6I6.) 

South Sierra (Orange County, Cal., A. F. Rodgers, I884).-0n land belongingto 
Forster and Egan, of Capistrano, on the southern extension of the Niguel ridge, about 
300 yards north of South Niguel, but not visible from it. (Note IO, p. 616.) 

Nortli Sierra (Orange County, Cal., A. F. Rodgers, 1884).-0n land belonging to 
Forster and Egan, of Capistrano, on the western edge of the top of a flat extension of 
the Niguel ridge. (Note IO, p. 6I6.) 

Rags (Orange County, Cal., A. F. Rodge'l;'S, 1884).-0n public land, on the first 
prominent rocky point west of the main headland and about 2 miles from the bight of 
SanJuan Capistrano. (Note IO, p. 616.) 

Abalone Point (Orange County, Cal., A. F. Rodgers, I884).-0n the San Joaquin 
Rancho, on a prominent point near Abalone Knoll; a number of ledges off the point 
uncover at low water; the ground is very soft and is covered with small pieces of shells. 
(Note 34, p. 6I8.) 

Extra (Orange County, Cal., A. F. Rodgers, 1884).-0n the San Joaquin Rancho. 
On the end of a bold, precipitous point south of Abalone Knoll, which is the fourth 
prominent point north of Laguna Canyon. The soil is soft to the depth of 2 feet; then 
the sandstone is reached. (Note IO, p. 6 I 6.) 

Two Rock Point (Orange County, Cal., A. F. Rodgers, 1884).-0n the San Joaquin 
Rancho, on the third prominent point north of Laguna Canyon, there are two large 
white-topped rocks offshore near the station; the soil is hard sand. (Note 34, p. 618.) 

Recreation Point (Orange County, Cal., A. F. Rodgers, 1884).-0n the San Joaquin 
Rancho, on the second prominent point north of Laguna Canyon, near ground used as 
a camping ground by many of the people who come to the Laguna Beach during the 
summer; a large reef is off the point. (Note 10, p. 6I6.) 

ReC1eation Hill (Orange County, Cal., A. F. Rodgers, I884).-0n the San Joaquin 
Rancho, on the top of the first ridge north of Laguna Canyon and inshore from Recrea
tion Point. (Note 34, p. 618.) 

Laguna Hill (Orange County, Cal., A. F. Rodgers, 1884).-Near the top of the 
high ridge immediately inshore from the mouth of Laguna Canyon, near the edge of 
some cultivated ground, on land owned by G. W. Rodgers, who lived at the foot of the 
ridge to the west. The Laguna Canyon is immediately north of the ridge, and to the 
northwest of the station there is a prominent knoll distant I 200 feet. (Note Io, p. 616.) 

Corn Patch (Orange County, Cal., A. F. Rodgers, I884).-Near Laguna Canyon, 
on land beloµging to G. W. Rodgers, on a small point quite near the beach. (Note 
34, p. 618.) 
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Winston (Orange County, Cal., A. F. Rodgers, I884).-0n land belonging to 
H. S. Goff, a short distance down the coast from a blacksmith's shop; west of the 
summit of the ridge. (Note Io, p. 616.) 

Cactus Point (Orange County, Cal., A. F. Rodgers, 1884).-0n land belonging to 
L. N. Brooks, on a prominent point covered with a growth of cactus and connected by 
a natural bridge of sandstone with a large rock of same material which is surrounded 
by water at high tide. Quite a large reef is off the point; the ground is soft and is 
covered with broken shells. (Note Io, p. 616.) 

Mustard (Orange County, Cal.,, A. F. Rodgers, 1884).-0n the San Joaquin 
Rancho, on the ridge opposite Rocky Bight and southeast of Newport Bay. The 
ground around the station is bare and rocky, but there is a mustard patch south and 
southeast of the station. (Note ro, p. 616, except the bottle was glass.) The theodolite 
stubs are 2.3, 3.4, and 3.35 feet from the center. 

Pelican Hill (Orange County, Cal., A. F. Rodgers, 1884).-0n the San Joaquin 
Rancho, on the second prominent ridge south of Arch Rock 8, in line between Pelican 
Point 8 and San Joaquin 8. '!'he hill is covered with brush and is difficult of ascent; 
the station is southwest of its summit. (Note ro, p. 616, except the bottle was glass.) 
The theodolite stubs were 3.5, 2.9, and 2.8 feet from the center. 

Reef Point (Orange County, Cal., A. F. Rodgers, I884).-0n the San Joaquin 
Rancho, on a prominent point north of Abalone Knoll and south of a large reef with a 
group of four prominent rocks. '!'he soil is soft, and numerous broken shells are 
scattered about. (Note 34, p. 618.) 

Rocky Bight (Orange County, Cal., A. F. Rodgers, 1884).-0n the San Joaquin 
Rancho, in a bight, upon a point covered with numerous white stones but otherwise 
bare, between two ledges of rocks to the north and south. (Note Io, p. 6I6.) '!'he 
theodolite stub toward the ocean is 2.8 feet from the center, while the other two are 
3.0 and 3. l feet distant, respectively. 

Pelican Point (Orange County, Cal., A. Rodgers, 1884).-0n the San Joaquin 
Rancho, on the middle one of three prominent points near together. A ledge of rocks 
extends out to sea about a half mile opposite the station. '!'he second point north of 
the station has three large rocks projecting from it into the ocean. (Note lo, p. 616.) 
The theodolite stub toward the ocean was r.8 feet from the center, and the other two 
each 3. r feet distant therefrom. 

Arcli Rock (Orange County, Cal., A. F. Rodgers, I884).-0n the San Joaquin 
Rancho, on the third prominent point south of Newport Bay. About 309 feet beyond 
the end of the point is a large rock, 80 feet in length, in the cent~r of which is an arch. 
(No.te ro, p. 616.) The theodolite stub toward the ocean is 2.9 feet from the center; 
the ~thers are 3.5 and 3.3 feet dist.ant. 

Pond Point (Orange County, Cal., A. F. Rodgers, 1884).-0n the San Joaquin 
Rancho, on the shore a little north of the second point south of Newport Bay; there are 
three rocks offshore from the station which can be seen at high water. (Note 10, p. 
616.) The theodolite stubs are 3.3, 3.4, and 2.8 feet from the center. 

Table Ridge (Orange County, Cal., A. F. Rodgers, I884) . .......:0n the San Joaquin 
Rancho, on the ridge inshore from Arch Rock 8; the main ridge above this station 
leads to the point. (Note lo, p. 616.) '!'he theodolite stub toward the ocean is 2.7 feet 
from the center, and the others are 3.0 and 3.4 feet. 



COAST AND GEODETIC SURVEY REPORT, 1904. 

Clam Point (Orange County, Cal., A. W. Chase, 1874).-0n the top of the bluff 
overlooking the Santa Ana bottom, about a mile and a half south of G. Allen's house. 
(Note II, p. 6I6.) 

Black Knob (Orange County, Cal., A. W. Chase, I874).-0n the most easterly of 
the prominent beach sand-knolls south of the west point of the highland of La Mesa 
ranch; it was covered with low black bushes. (Note II, p. 6I6.) 

Turning Point (Orange County Cal., A. W. Chase, I875).-About a half mile 
southwest of the landing place in Newport Bay, on the edge of the mesa, the most 
commanding point above the great turn of the bay from ·west to northeast, about 4 
meters directly southwest of the edge of a deep gulch or rain wash in the bank. (Note 
II, p. 6I6.) 

Prickly Point (Orange County, Cal., A. W. Chase, I875).-About a quarter mile 
east and down the line of the bluff toward the mouth of the Santa Ana, from Middle 
Bend 8., about 3 meters from the bluff edge and southeast of a large barranca of 
semicircular shape. (.Note II, p. 6I6.) . 

Bitter Point (Orange County, Cal., A. W. Chase, I875).-0n a point of land at the 
turning point of the slough called Bitter Lake, commanding a view of Bitter Lake, its 
juncture with the Santa A;ia River to the northwest, and the continuation of the same 
toward the east and south. (Note II, p. 6I6.) 

Promonto1J' (Orange County, Cal., A. W. Chase, I875).-About three-quarters of a 
mile from the landing place at Newport and directly opposite it, on a prominent point 
surrounded by .marsh on three sides; on the southwest side of the point, about 15 
meters from it and about IOO meters from the northwest end. (Note II, p. 6I6.) 

Sand Point (Orange County, Cal., A. W. Chase, I875).-0n the sand dunes about 
50 meters from the turning point from southeast to east, 20 meters from high-water 
mark on the south, and 75 meters from Bitter Lake on the north. (Note I I, p. 6I6, 
except the bottle was 5 feet deep.) 

Chalk Rock (Orange County, Cal., A. W. Chase, I875).-About a mile and a half 
froni Newport Landing on a chalk-rock bluff at the point where Newport Bay changes 
its course from north to southwest. (Note II, p 6I6.) 

Dune (Orange County, Cal., A. W. Chase, 1875).-:-About 2 miles from Newport · 
Landing, on the beach about 53 paces from high-water mark and about 100 meters from 
the edge of the lagoon inside. It is on the highest sand dune opposite the fishernien's 
huts on the lagoon. (Note II, p. 6I6.) 

First Bend (Orange County, Cal., A. W. Chase, 1875).-About three-quarters of a 
mile southwest from Chalk Rock 8., on the first prominent bluff north of and about a 
quarter mile from Newport Landing, overlooking the point where the bay makes its 
first turn to the northward. (Note l l, p. 616.) 

Camp (Orange County, Cal., A. W. Chase, I875).-0n the east side of Newport Bay 
directly opposite the end of the fence which forms the dividing line between the San 
Joaquin and La Mesa ranchos on the last prominent bluff in Newport Bay; about a 
quarter mile west of a sand hill covered with a growth of cactus, about 80 meters from 
a barranca putting into the bay, and about 5 meters from the edge of the bluff. (Note 
I8, p. 617.) 

Sand Cone (Orange County, Cal., A. W. Chase, 1874).-About halfway between 
the highlands of La Mesa and Las Bolsas ranches, on one of the prominent sand hills of 
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the beach, the first one from La Mesa not covered with dark brush, and about halfway 
between the high bluffs east and west. (Note 11, p. 616, except that there were iron 
nails in the stubs instead of copper tacks.) 

Scallop Point (Orange County, Cal., A. W. Chase, 1874).-0n the edge of the 
bluff, around a bend of the bluff and northeast from Bitter Lake 8. There were 
scallop(" Pecten ")shells on the surface of the ground. (Note 18, p. 617.) 

Cactus Knoll (Orange County, Cal., A. W. Chase, 1874).-0n the edge of the 
"bluff overlooking the swamps of the Santa Ana River, about a half mile north of 
Schafer's house, on a mound which had been used as an old sheep corral; the ground 
was bare of grass, and several cactus plants were near the station. (Note 11, p. 616.) 

Anakeim (Orange County, Cal., A. W. Chase, 1874).-The southeast corner of 
the tin roof of the Planters's Hotel, on the northwest corner of Los Angeles and 
Centre streets, Anaheim, California. 

Las Bolsas Cliica (Orange County, Cal., A. W. Chase, 1873).-0n the highest 
part of the mound known. as Bolsas Chica Cerrito. The station was marked by a glass 
bottle buried 3 feet and, on the surface, by a square ston~ block, 5 by 5 inches, pro
jecting 2 inches above ground, with the letters U. S. C. S. marked on top and a cross 
for the center of the station. Three redwood stubs, each with a copper tack in the top, 
were placed 3 feet from the center to the north, sottth, and east. 

Landing Hill (Orange County, Cal., A. W. Chase, 1873).-0n the highest point 
of the mesa or table-like hill north of Anaheim Landing, between the road to Anaheim 
and the one to the Alamitos; below it on the west is a gully through which the road 
passes. The station was marked by a glass bottle buried 3 feet, and 011 the surface by 
a square stone block projecting 2 inches above ground and having a cross for center 
and the letters U. S. C. S. cut thereon. Four redwood stubs, each with a copper nail 
in its top, were placed 4 feet from the center to the north, south, east, and west. 

Bolsas Bluff (Onmge County, Cal., A. W. Chase, 1873).-0n the same high land 
as Las Bolsas 8 (seep. 636); on the southeast corner of the mesa, 8 feet from the bluff. 
(Note 18, p. 617.) 

Sand Knoll (Orange County, Cal., A. W. Chase, 1873).-0n the last large sand 
knoll east of Bolsas Creek. There are no prominent marks to identify the station. 
(Note 1 8, p. 6 l 7, with a similar stub also to the west.) 

Ice Plant (Orange County, Cal., A. W. Chase, 1874).-0n the top of the bluff, 
directly overlooking the sand beach south of Las Bolsas 8 (p. 636); on a small rise 
above the general level east of a depression in the bluff line; 6 feet from bluff edge. 
(Note 18, p. 617.) 

,Bitter Lake (Orange County, Cal., A. W. Chase, 1874).-0n the bluff edge over
looking the willow swamps of the.Santa Ana River, at a point where the bluff narrows 
down, and about a quarter of a mile west of the knoll where it runs into the sand knolls 
at the head of Bitter Lake. (Note 18, p. 617.) 

10277--04-45 
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NEWPORT BAY TO POINT DUME. 

Centinela (Los Angeles County, Cal., A. W. Chase, 1875).-0n the highest point 
of the long ridge in front and north of the Centinela ranch house. 

Sand Hill 3 (Los Angeles County, Cal., A. W. Chase, 1875).-0n the sand hill 
east of a lagoon. (Note 18, p. 617.) The dune is shifting, and it is not probable that 
the marks of the station are permanent. 

Ridge (Los Angeles County, Cal., A. W. Chase, 1875).-0n a long grass-covered 
ridge north of the coast road and east of the gulch beyond the railroad; on the end of 
the ridge overlooking the marsh. (Note 18, p. 617.) 

High Table (Los Angeles County, Cal., A. W. Chase, 1875).-0n the highest 
part of a hill to the left of the old Los Angeles road, to the east of a race track. (Note 
18, p. 617.) 

Reef (Los Angeles County, Cal., W. E. Greenwell, 1862).-About 200 meters from 
the beach, on a hill a little to the east of the third conspicuous point from a black bluff 
point down the coast from Point Dume, about three-fourths of a mile west of a lagoon, 
near which there is a ranch. The station mark was a drill hole in a fixed rock. The 
reference marks were two drill holes in fixed rocks, one bearing about southwest, distant 
10 feet 3 inches, and the other bearing southeast, distant 12 feet. 

Linn (Los Angeles County, Cal., W. E. Greenwell, 1862).-0n the edge of a high 
red sandstone bluff about a mile to the eastward of a lagoon. (Note 35, p. 618.) 

Malaga (Los Angeles County, Cal., W. E. Greenwell, 1862).-About 400 meters 
from the shore, and about 900 meters east of the house on the Rancho del Malaga; on the 
top of a peak covered with rotten slate which outcrops toward the eastward; a deep gulch 
runs up to the west and a smaller one to the east; to the north is a deep basin covered 
with underbrush of every kind. The station was marked by a drill hole in a fixed rock. 

Buck (Los Angeles County, Cal., W. E. Greenwell, 1862).---0n a hill to the west
ward of a large gulch, deep and wooded, which seems to divide the mountains to the 
northward. (Note 35, p. 618.) 

Corral (Los Angeles County, Cal., W. E. Greenwell, 1862).-0n the highland, 
about a quarter mile from the beach, about 100 meters east of a large gulch, very steep 
and wooded, which appears to divide the mountains to the northward, about 50 meters 
east of a clump of live oak trees; immediately on the edge of the gulch. (Note 35, 
p. 618.) 

Point (Los Angeles County, Cal., W. E. Greenwell, 1862).-Immediately on the 
point of the second bluff point from Point Dume, about 2 miles from it. (Note 35, 
p. 618.) 

Deadmans Island (Los Angeles County, Cal., W. M. Johnson, 1859; A. W. Chase, 
1870-72; F. Westdahl, 1899).-Marked by a small drill hole in a round stone buried 3 
inches below the surface. · 

Drum (Los Angeles County, Cal., A. W. Chase, 1872).-About 15 feet south of 
the fence inclosing Drum Barracks, and 30 feet east of the road from Wilmington. 
(Note 24, p. 617.) 

Point Fermin (Los Angeles County, Cal., W. E. Greenwell, 1855; A. W. Chase, 
1870-72; F. Westdahl, 1899).-About 30 yards north of the site selected for the 
light-house. The station was marked by a monument of red granite, about 4 inches 
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square, projecting about 2 inches above the ground, and by four redwood stakes driven 
in the ground about 2 feet from the center. 

Cactus (Los Angeles County, Cal., A. \V. Chase, 1870).-0n the third marked 
bench, following the trail leading up to the summit, on the right hand of the trail and 
in front of a large patch of cactus or prickly pear. (Note 18, p. 617). 

Solitary (Los Angeles County, Cal., A. \V. Chase, 1870; F. Westdahl, 1899).-0n 
the first hill rising from the flat plain, directly behind the ruined houses on the edge of 
the bluff (old San Pedro). The ceu ter was marked by a hottle buried 3 feet in the 
ground. In 1899 the three theodolite stubs were left. 

R. R. Flagstaff (Los Angeles County, Cal., F. Westdahl, 1899).-About 835 
meters N. 2° 27' E. from Point Fermin Light-house, on a flat hill, around the base of 
which the road from San Pedro turns toward the sea. The center was marked by a 
small hole in a flat stone l Yz feet below the surface. Three stubs were placed 4 feet 3 
inches from the center, bearing north, west-southwest, and east-southeast. The three 
theodolite stubs were also left in place. 

Timm (Los Angeles County, Cal., F. \Vestdahl, 1899).-0n the top of the bluff 
at Timms Point, about 25 feet from the extreme end. A bottle was placed l 2 inches 
below the surface and a piece of scantling over it, the top of which is level with the 
ground. 

Old (Los Angeles County, Cal., F. Westdahl, 1899).-Qn the next prominent point 
south from Timms Point, about 30 feet from either edge of the bluff. A bottle was 
buried l 5 inches below the surface of the ground, and the theodolite stubs were left. 

San Pedro Latitude Station (Los Angeles County, Cal., G. Davidson, 1852; W. E. 
Greenwell, 1855).-0n the bluff just on the left of the south road up from the landing, 
about 20 yards from the north side of Alexander and Banning's office. The station 
was marked by two stakes, each 5 feet from the center, to the north and south. 

Black Beacon (Los Angeles County, Cal., F. Westdahl, 1899).-The beacon mark
ing the eastern edge of the shoal extending from the mainland to the channel inside 
the harbor. 

Red Beacon (Los Angeles County, Cal., F. Westdahl, 1899).-The beacon marking 
the western end of the spur projecting southwestward from the east jetty. 

Curve (Los Angeles County, Cal., F. Westdahl, 1899).-A small signal on the 
eastern jetty, 620 meters north from Deadmans Island, probably used by the U. S. 
Engineers. 

jetty (Los Angeles County, Cal., F. Westdahl, 1899).-A small signal on the 
eastern jetty, about 325 meters north from Deadmans Island, probably used by the 
U. S. Engineers. 

Post (Los Angeles County, Cal., F. \Vestdahl, 1899).-An old telegraph pole on 
the edge of the bluff; probably lost. 

Hotel (Los Angeles County, Cal., F. Westdahl, 1899).-The northwest corner of 
a deserted hotel building standing just above Post 8, at the turn of the road leading 
from San Pedro to White Point. 

Rattlesnake Island 2 (Los Angeles County, Cal., A. \V. Chase, 1872).-Marked 
according to Note 24, p. 617. Bottle buried 2 feet in the ground; stubs 3 feet from the 
center. 

San Gabn"el River 2 (Los Angeles County, Cal., A. W. Chase, 1872).-0n the 
western end of Rattlesnake Island, on the most prominent sand hill, midway between a 
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slough on the right and high-water mark; about 250 feet from the river. (Note 24, 
p. 617, reference stubs 3 feet from center.) 

Station I (Los Angeles County, Cal., A. W. Chase, 1872).-About IO feet from 
the western edge of a low bluff near the sea, southeast and across the bottom from San 
Gabriel River. (Note 24, p. 617.) 

Station ff (Los Angeles County, Cal., A. W. Chase, 1872).-About 10 feet from 
the edge of the highest part of the same bluff as Station I, about midway between the 
flats of the San Gabriel and New rivers. (Note 24, p. 617.) 

Station III (Los Angeles County, Cal., A. W. Chase, 1872).·-About IO feet from 
the edge, at the end of the same bluff as Station I and Station II. (Note 24, p. 617.) 

Los Alamitos (Los Angeles County, Cal., A. W~ Chase, 1872).-0n the ranch 
called Los Alamitos, on one of the little points making out into the marsh laud, about 
a half mile from Alamitos house. (Note 24, p. 617, stubs 4 feet from center.) 

New River (Los Angeles County, Cal., A. W. Chase, 1872).-0n the sand spit 
forming the west side of the mouth of New River, about 600 feet west of the mouth. 
(Note. 24, p. 617, stubs 4 feet from center.) 

Landing (Orange County, Cal., A. W. ·Chase, 1872).-0n the second prominent 
sand hill west of the tower used as a beacon by the Lighter Company, about 12 feet 
above high-water mark. (Note 24, p. 617; stubs 3 feet from center.) 

Slough (Orange County, Cal., A. W. Chase, 1872-73).-At the head of one of the 
principal sloughs of Anaheim Creek, in an easterly direction from Anaheim Landing, 
near and northwest of a fisherman's cabin. (Note 24,-p. 617; three stubs left when 
reco\•ered in 1873.) 

Sand Beadi (Orange County, Cal., A. W. Chase, 1872-73).-0n one of the inside, 
but most prominent, sand knolls, about 17.( miles southeast from Anaheim Landing. 
(Note 24, p. 617; stubs 3 feet from center; the west one gone in 1873.) 

Little Hill (Orange County, Cal., A. W. Chase. 1872).-0n the highest point of a 
little isolated hill close to the main slough, three-fourths of a mile from the shore line 
and 2~ miles from the landing in an easterly direction. (Note 18, p. 617.) 

Bolsas Creek (Orange County, Cal., A. W. Chase, 1872).-0n the first 
sand hill west of the mouth of Bolsas Creek, just above high-water mark. 
p. 6 l 7; stubs 3 feet from center and no stub to the west.) 

prominent 
(Note 24, 

Grass Edge (Orange County, Cal., A. W. Chase, 1872).-0n the lowland between 
Bolsas Chica .&. and Las Bolsas .&. , on the line where the firm land commences. (Note 
18, p. 617; a stub also placed to the west.) 

Mustard Point (Orange County, Cal., A. W. Chase, 1873).-0n the extreme west
erly point of the highland of Las Bolas ranch, about 2 ooo meters north of the shore, 
and 200 meters east of a small fresh-water pond. The station was marked by a glass 
bottle, buried 2 feet underground; and 4 redwood stubs, each with a copper tack in 
the top, were placed 3 feet from the center to the north, south, east, and west. 

Los Angeles Normal School (Los Angeles County, Cal., A. F. Rodgers, 1883).
The flagstaff on the tower above the main entrance of the Los Angeles Normal School. 

Los Angeles Magnetic Observatory (Los Angeles County, Cal., A. F. Rodgers, 
1883).-The center of the roof of the magnet room in the Normal School grounds, Los 
Angeles. 
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Los Angeles Presbyterian Clmrcli (Los Angeles County, Cal., A. F. Rodgers, 
1883).-The figure of the Angel Gabriel on the spire. 

Los Angeles Signal Service (Los Angeles County, Cal., A. F. Rodgers, 1883).
Baker block; tower. 

Los Angeles Longitude Station I889 (Los Angeles County, Cal., C. H. Sinclair, 
1889).-A pier of brick laid in Portland cement 3 feet in the ground and 3 above, 47.04 
meters north of and 56. 77 meters west of the flag pole over the cupola at the entrance 
of the Normal School on Fifth street, Los Angeles. 

Los Angeles Longitude Station I892 (Los Angeles County, Cal., C. H. Sinclair, 
l 892). -In the grounds of the Normal School on Fifth street, Los Angeles; marked by 
a pier, 46. 18 meters west and i.55 meters south of the flag pole on the Normal School. 

Los Angeles Latitude Station (Los Angeles County, Cal., C. H. Sinclair, 1892).
A pier of brick laid in cement, 50 inches due west of Los Angeles Longitude Station 
1892, in the grounds of the Normal School. 

Los Angeles Northwest Base Latitude Station (Los Angeles County, Cal., J. J. 
Gilbert, 1890).-A pier 45.1 feet from Los Angeles"NW. Base 8. (p. 635) in azimuth 
264 ° 49' 32". 

Dominguez Hill Zenith Telescope Station (Los Angeles County, Cal., G. Davidson, 
1870).-A pier of brick laid in cement, 276 feet below the surface and 30 inches above, 
15 feet 5.5 inches east and 8.8 inches south of Dominguez Hill 8.. (p. 638). 

Dominguez Hill Meridian Instrument Station (Los Angeles County, Cal., G. 
Davidson, 1870).-A pier of brick, laid in cement, 2~ feet below the surface and 30 
inches above, 20 feet l r. 6 inches east and 9. 8 inches south of Dominguez Hill 8. 
(p. 638). 

Cove (Los Angeles County, Cal., W. E. Greenwell, 1855; A. W. Chase, 1871).
About 500 meters from the shore, in the bight between the salt works and Point Vin
cent; on the first series of hills; not on the highest point of the hill, but on a lower 
bench. (Note 24, p. 617.) 

Salt Pond (Los Angeles County, Cal., W. E. Greenwell, 1856; A. W. Chase, 
1871).-0n a smooth hill on the left of the road going to San Pedro, about a half mile 
east of the forks of the road and about east by south of the salt works. (Note 24, 
p.617.) 

Rocky Point (Los Angeles County, Cal., W. E. Greenwell, 1856; A. W. Chase, 
1871).-0n a smooth, round hill which terminates in a ragged bluff. There are some 
rocks at right angles to the point, the only ones in the vicinity. The station was on 
the second bench above the point where the rocks ar.e. (Note 24, p. 617.) 

.Point Vincent N. W. (Los Angeles County, Cal., W. E. Greenwell, 1856; A. W. 
Chase, 1871) .-On a point of Point Vincent, about 120 feet from the bluff. A point 
farther to the westward projects farther than the point on which the station is located. 
(Note 24, p. 617.) 

Finale (Los Angeles County, Cal., A. W. Chase, 1870).-0n a long ridge about 
three-fourths of a mile northwest of Scorpion 8.; the ground about is very stony. 
(Note 18, p. 617.) 

East Slope (Los Angeles County, Cal., A. W. Chase, 1870).-0n the northeast 
side of San Pedro Hill. About 410 feet above mean tide. (Note 18, p. 617.) 



COAST AND GEODETIC SURVEY REPORT, 1904. 

Mustard (Los Angeles County, Cal., A. W. Chase, 1870).-0n the second bench 
from the flat plain along the trail to the summit of San Pedro Hill; well down on the 
point of the ridge and directly on the trail. (Note 18, p. 617.) 

Timms Windmill (Los Angeles Comity, Cal., A. W. Chase, 1870).-The shaft of 
the windmill used for drawing water from a well owned by Albert Timms, in a low 
valley about a mile from San Pedro and directly on the road. 

Spring (Los Angeles County, Cal., A. W. Chase, 1870) .-On the knoll east of a 
water hole on the right hand of the trail ascending San Pedro Hill from the east, about 
l ooo feet above the sea; ~ne of the two places where running water can be found on 
the mountain in summer. (Note l 8, p. 617.) 

Bench (Los Angeles County, Cal., A. Vv. Chase, 1870).-0n the second bench 
from the sea north of Sea Bench 8. (Note 18, p. 617.) 

Coyote (Los Angeles County, Cal., A. W. Chase, 1870).-0n the second hill 
beyond San Pedro 8; not on the highest part but down on the sea face of the ridge. 
(Note 18, p. 617.) 

Unknown (Los Angeles County, Cal., A. W. Chase, 1870; F. \Vestdahl, 1887).-
0n the first point beyond the bold spur of the mountain on which Sea Bench 8 is 
located, and at a point where the ground is broken by slides; a little back of the edge 
of the first one. In 1870 the station was marked according to note 18, page 617, but in 
1887 none of these marks were found, and a stub projecting 6 inches above the ground, 
with a copper tack in the top, was left to mark the center of the station. 

I<nob (Los Angeles County, Cal., A. W. Chase, 1870).-0n the first projecting 
point of yellow rock and earth along the edge of the bluff from Point Fermin; on a 
little knob that has a depression between it and the edge of the bank. (Note l 8, p. 617.) 

Portuguese Point (Los Angeles County, Cal., A. W. Chase, 1870).-0n the western 
one of two rock points to the west of Portuguese Bend; on the eastern edge, not far 
from the bluff. (Note 18, p. 617.) 

Ranchi/a (Los Angeles County, Cal., A. W. Chase, 1870).-About a mile along 
the trail back from Scorpion 8; on the sea face of the hill; on the sea side of a singu
lar depression like a crater with a dry bed of mud in the bottom. (Note 18, p. 617.) 

Sea Bench (Los Angeles County, Cal., A. W. Chase, 1870) . ....:._0n the point of a 
bold spur of the mountain about a mile west from Knob 8, and on the first flat bench 
from the sea. (Note 18, p. 617.) 

Long Point (Los Angeles County, Cal., A. \V. Chase, 1870).-At the encl of a 
long rocky point west from Portuguese Point. (Note 18, p. 617.) 

Gus (Los Angeles County, Cal., A. \V. Chase, 1870).-0n the edge of the next 
bench up the trail from Yonder 8. (Note 18, p. 617.) 

TYash Rock (Los Angeles County, Cal., A. W. Chase, 1870).-0n the extreme 
point of Point Vincent, near· the bluff. There is a large wash rock off the point. (Note 
18, p. 617.) 

Portuguese Bend (Los Angeles County, Cal., A. W. Chase, 1870).-At a little bay 
known as Portuguese Bend, on the top of the first bench from the sea, and on the east 
edge of a great gully that comes down into the bend. (Note 18, p. 617.) 

Last (Lost Angeles County Cal., A. W. Chase, 1870).-0n the left of the trail 
and on the edge of the next bench up from Gus 8, between two ledges of sandstone 
rock which run across the hill and crop out here. (Note 18, p. 617.) 
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Scorpion (Los Angeles County, Cal., A. W. Chase, 1870).-0n the southwestern 
point of an isolated hill above the trail along the top of the mountain. (Note I 8, p. 6 I 7.) 

Yonder (Los Angeles County, Cal., A. W. Chase, 1870).-0n the edge of the 
third bench up the face of the long ridge making down to Point Vincent, on the right 
of the trail. (Note I8, p.617.) 

Buenavista (Los Angeles County, Cal., G. Davison, 1870).-In Los Angeles, 
upon the top of a round-topped hillock just behind the Episcopal Church. Upon a 
rock foundation was built a rectangular brick pier laid in cement and capped with a 
stone block 25 by l 8 inches, and I 9 inches thick. In the center of the capping a cop
per bolt was let in and leaded, with a small hole punched in the bolt to mark the center 
of the station, and on the block were lightly cut the letters U. S. C. S. The station 
was occupied for longitude in I870. In 1884 the station had been covered by the 
Union School building. 

POINT DUME TO SANTA BARBARA. 

Pelican (Santa Barbara County, Cal., \V. E. Greenwell, 1862; D. Delehanty, I890; 
A. P. Osborn, I896; F. W. Edmonds, 1900).-0n the end of a long, low point, near a. 
large lagoon, partly dry, that is south of the road leading from the Santa Barbara and 
Gaviota Pas.s roa<l to the asphalt mine. The station was marked by a 6 by 9 inch 
sandstone pier sunk about 2 feet 6 inches in the ground and showing about 6 inches 
above the surface, marked U. S. RANGE 30 MILES. 

Hill (Santa Barbara County, Cal., W. E. Greenwell, I862-70; A. P. Osborn, 
I896).-0n the top of a large, conspicuous hill, the highest within about 2 miles to the 
west of Santa Barbara A. The southern end of a large bend in the Arroyo del Burro 
(San Roque Creek) is 800 meters east-northeast of the A. This bend is about I 500 
meters long, and forms a quarter circle, described from a point northeast of it as center. 
The center of the station was marked by a 6 hy 9 inch sandstone, with a hole in the 
center, sunk about I inch below the surface. Four pine stubs, with three nails in 
each, were placed north-northwest, east-northeast, south-southeast, and west-southwest, 
distant 4 feet from the center. Reported destroyed by plowing in I900. 

Cluster (Santa Barbara County, Cal., W. E. Greenwell, 1862; A. F. Osborn, 1896; 
F. \V. Edwards, 1900 ).-On the top of the northern one of a cluster of hills rising 
above the surrounding level to the east of a large wooded valley, the second hill to the 
left along the wooded arroyo after passing the ranch house to the east of the road to the 
cemetery. The station was marked by a drill hole in a fixed rock level with the surface. 
The reference marks are drill holes in the tops of two fixed rocks projecting I foot above 
the ground, one about west, 7 feet I I inches from the center, and one about northwest, 
4 feet 9 inches. 

'Tliompson (Santa Barbara County, Cal., W. E. Greenwell, I 862; D. Delehanty, 
1890; A. P. Osborn, 1896).-0n a rocky knoll about 200 meters west of the Arroyodel 
Burro, on Dixie Thompson's ranch, about I mile northwest of his house, which is in 
full view, in a field to the right of the wood road leading to ranchero Ontare, at a point 
where it curves off to the westward. The field is covered with rocks, and is not the 
highest in the vicinity. The station was marked by a drill hole in a fixed rock covered 
3 feet deep with loose stone, and secured by three holes drilled in fixed rocks, 7 feet 8 
inches from the center to the southwest, 7 feet 9 inches to the northeast, and I l feet 
8 0 inches to the south. The center and the south holes were found in 1890. 
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Mission (Santa Barbara County, Cal., W. E. Greenwell, 1862).-0n the top of the 
first range of hills above and to the eastward of the Mission of Santa Barbara, about a 
quarter mile distant; about rno meters west of the wood road to Santa Barbara. The 
station was marked by a drill hole in a fixed rock nearly level with the surface. 

Bens (Santa Barbara County, Cal., W. E. Greenwell, 1862).-0n the top of a hill 
to the left of the road from Santa Barbara to the Sulphur Springs. The station was 
marked by a stone firmly placed in the ground about 4 inches below the surface, in 
which was drilled a hole to mark the center. A nail in a bench mark on a three
pronged oak tree in a southeast direction was 26 feet 8 inches from the center, and a 
nail in a single oak tree in a northeast direction, 31 feet 6 inches. In 1890 the station 
was reported probably lost. 

l¥hite (Santa Barbara County, Cal., W. E. Greenwell, 1862).-0n a low, black
looking point on the road from Santa Barbara to San Buenaventura, near the beach 
about IOO meters from White's house, at the southwest comer of a corral of about an 
acre. The station was marked by a drill hole in a stone placed even with the surface of 
the ground. 
, Ridge (Santa Barbara County, Cal., W. E. Greenwell, 1863; D. Delehanty, 1890; 
W. I. Moore, 1893).-About the middle of the top of a high point in a range of hills 
running about northeast and southwest and terminating at the coast in a bluff, about 
l Yz miles from the coast, about 1 Yz miles from a house on the road from Santa Barbara 
to San Buenaventura. The station was marked by a drill hole in a rock firmly placed 
in the ground with the top about 3 inches below the surface. Three other holes were 
drilled in fixed rocks to the east, west, and south, I 2 feet 8 inches, 12 feet 5 Yz inches, 
and 7 feet 2 Yz inches distant, respectively. 

Mound (Santa Barbara County, Cal., W. E. Greenwell, 1863).-Near the eastern 
end of the top of a small hill forming a precipitous bluff toward the ocean, on the right 
of the road from Santa Barbara to San Buenaventura. The station was marked by a 
drill hole in the top of a stone about 4 inches below the ground_. Three redwood stubs, 
each with a copper nail in the top, were driven to the north, south, and east, 3 feet 
from the center. 

Boyle (Santa Barbara County, Cal., W. E. Greenwell, 1863).-0n the top of a 
high hill. To reach the station take a road leading off from the stage road east of 
Mound A, about halfway between Arroyo del Toro and Arroyo del Muerto; follow it 
across and along the latter arroyo, and a kilometer beyond the place where it leaves the 
arroyo the hill will be reached. The station was marked by a copper nail in the top of 
a redwood stub sunk in the ground about 18 inches and secured by copper tacks in the 
tops of three redwood stubs 3 feet from the center, to the southeast, southwest, and 
northwest. 

Sheep (Santa Barbara County, Cal., W. E. Greenwell, 1863).-0n a low, sandy 
point, about 50 meter& west of a small creek and about the same distance from low
water mark. 

Oregon (Santa Barbara County, Cal., A. P. Osborn, 1896; F. W. Edmonds, 
1900).-0n a hill near Mr. Cattel's ranch, about 20 meters northwest of the brow of 
the hill. To reach the station, take the first branch road to the right west of Goleta 
on the Santa Barbara-Gaviota Pass road; about I Yz miles from here, at a fork, take the 
left-hand road along a small creek and turn into a branch road to the right just before 
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reaching a bridge. The road passes through the barnyard of the ranch, and the hill in 
question is on the right. The station was marked by a sandstone projecting about 3 
inches above ground and lettered U. S. RANGE 31 MILES. 

More (Santa Barbara County, Cal., F. W. Edmonds, I900).-In a level cultivated 
field belonging to John More, about midway between the east and west fences, II.4 
nteters south of center of the road and about I'50 meters back from the edge of an 80-
foot bluff. To reach the station, tum south at a point about one-eighth mile beyond 
Goleta on the Santa Barbara-Gaviota Pass road, into the road leading to Mores Landing 
and when within about 200 meters of bluff take the road leading eastward into the field. 
The subsurface mark was a %-inch drill hole in a stone (natural rock) about Io by I2 by 9 
inches set in sandy soil about 2 ~ feet below the surface. Over this was a sandstone 24 
inches long, dressed on upper end to 6 by IO inches, set in cement so as to show 2 
inches above the surface of the ground, lettered U. S. RANGE 32 MILES and having 
a %-inch drill hole to mark the center of the station. 

Wisconsin (Santa Barbara County, Cal., F. W. Edmonds, I900).-0n a cultivated. 
hill on the ranch of Mr. F. M. Moore on the Santa Barbara-Santa Inez road; on the south
east slope of the second knoll from the corral, where a windmill stands on the western 
edge of the cattle trail. The subsurface mark was a %-inch drill hole in a three-cor
nered stone (natural rock) about IO inches in diameter, and IO inches deep, set about 2 
feet below surface of ground. Over this was set in the hard rock and clay soil, flush 
with surface of ground, a sandstone 24 inches long, dressed on the upper end to 6 by Io 
inches, and lettered U. S. RANGE 32 MILES, and having a U-inch drill hole in top 
to mark the center of the station. 

Conover (Santa Barbara County, Cal., F. W. Edmonds, I900).-0n a low hill back 
of and north of the house 011 K. E. Conover's ranch 011 the Cathedral Oaks road, a 
branch road northward from the Santa Barbara-Santa Inez road; near the top of hill, at 
the head of a small gulch and within the inclosure used as a small pasture, the ground 
being full of rocks and bowlders and rising very gradually to the northwest of the station. 
The subsurface mark was a U-inch drill hole in a stone (natural rock) I2 by· I2 by 6 
inches, set two feet below the surface o(the ground, with a U-inch drill hole in the top 
marking the centt!r and lettered U. S. RANGE 32 MILES. 

Gedney (Santa Barbara County, Cal., A. P. Osborn, 1896; F. W. Edmonds, I900).-
0n the top of a small hill in a cultivated field running back from the beach to the 
westward of landing on Mr. More's ranch, and to the right of the road to the la,nding. 
The eastern and nearer one of two isolated liveoak trees is about IOO meters about N. by 
W. from the station, and the other is to the westward and stands in front or to the 
southward of a small grove of liveoaks. The station was marked by a sandstone pier 
about six inches above ground and marked U. S. RANGE 3I MILES. 

Crane (Santa Barbara County, Cal., A. P. Osborn, I896).-In a cultivated field 
about I 040 meters N. _% W. from Pelican IJ:,., about 200 meters from the fence. The 
station was marked by a pier, sunk about 2 feet 6 inches in ground and marked 
U. S. RANGE 30 MILES. 

Vista (Santa Barbara County, Cal., D. Delehanty, I890; A. P. Osborn, I893).
About 3 miles north of Santa Barbara, on the ridge between Sycamore and Mission 
Canyons, on a knoll, about 75 feet from the top. The center was marked by a drill 
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hole in a large flat stone buried 4 inches under the ground. Four 2 by 3 inch stubs 
were driven two feet from the center, to the north, south, east, and west. Drill holes 
were also sunk in fixed rocks as follows: l 2.9 feet from the center hole in the face of a 
large split bowlder, over which was cut a circle and cross; l 2 feet northwest from the 
center in the face of a rock; 3.7 feet from the center in the top of a rock nearly level 
with the surface. 

Bens 2 (Santa Barbara County, Cal., D. Delehanty, 1890).-0n the top of the first 
of a low range of hills running parallel with the coast to the westward of Montecito. 
The station was marked by a drill hole in a stone buried 30 inches beneath the surface 
of the ground and by a drill hole in the top of another stone on which the letters U S 
are cut, buried 8 inches below the surface. Additional marks were as follows: a 
bench mark on an oak tree, i•~ which nails, in the form of a cross, were driven, is 47 
feet 6 inches south 30° west from the station; a line to the eastern edge of another oak 
tree, south 3 l 0 west and 82 feet distant, passes 2 feet from the center of the bench 
mark; another bench mark was placed on a 2-pronged oak tree 79 feet 9 inches from 
the center and 85° west from it. 

Spring (Santa Barbara County,. Cal., D. Delehanty, 1890; \V. I. Moore, 1893).-
0n the ridge to the eastward of Hot Spring Canyon back of Montecito; near the south
ern edge of a small plateau on the sea face of the ridge. Above this plateau the ridge 
rises about 50 feet and turns sharply to the eastward. The lower edge of the plateau 
is a ledge of bowlders, below which the ridge falls off abruptly. The plateau is free of 
brush. but the ridge is thickly wooded above and below. The center of station was 
marked by a drill hole in a flat stone buried a little below the surface of the ground. 
Around the center were driven four 2 by 3 inch stubs, north, south, east, and west, 
each 2 feet from the center. Additional marks were placed as follows: a drill hole in 
the top of a fixed rock, 10.9 feet from the center hole and south of it; a blaze was cut 
in an oak tree and a cross marked in it with nails, distant 15 meters west by north 
from the station. There is another oak tree, about 30 meters north of the station, 
where the ridge begins to rise. 

Hassler (Santa Barbara County, Cal., D. Delehanty, 1890; W. I. Moore, 1893).
Almost directly behind the old Catholic Church at Montecito and about 6 feet inside 
the old chaparral fence which forms the northern boundary of the property. The 
station was marked by a drill hole in a large flat stone buried 30 inches underground. 
Over this was a stake 3y;; by 5 inches, with a nail in the top, and around the stake was 
built a brick monument 2 feet square and 2 feet high. 

Front (Santa Barbara County, Cal., D. Delehanty, 1890; W. I. Moore, 1893).-
0n the eastern end of a low bluff opposite where the wagon road crosses the railroad 
track at the station at Montecito. The station was marked by a drill hole in a large 
flat stone, buried 3 feet underground. Over this was a stake 3y;; by 5 inches, with a 
nail in the top, around which a brick monument was built. 

Sand (Santa Barbara County, Cal., W. E. Greenwell, 1862).-Immediately on the 
edge of a sandy bluff about So feet high and about 50 meters to the eastward of a sandy 
place. (Note 26, p. 617.) Reported destroyed by plowing in 1900. 

Bluff (Santa Barbara County, Cal., W. E. Greenwell, 1862).-Immediately on the 
high bluff about a fourth of a mile west of the mouth of the Arroyo del Burro. The 
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bluff has no distinguishing features except that the soil is filled with small pieces of 
limestone, giving it the appearance of being mixed with broken shells. 

Camp (Santa Barbara County, Cal., W. E. Greenwell, 1862).-0n the bluff about 
l mile to the westward of the light-house and in plain view of it, about 300 meters east 
of the mouth of the Arroyo del Burro. (Note 26, p. 6 l 7.) 

ClaJ' (Santa Barbara County, Cal., \V. E. Greenwell, 1862).-0n a yellow bluff 
about three-fourths of a mile to the eastward of John Niderer's (?) house, about 150 
meters east of a picket fence and within a quarter of a mile of the coast road. (Note 
26, p. 617.) Reported probably lost in 1890. 

River (Ventura County, Cal., \V. E. Greenwell, 1870).-0n the west side of the 
San ~uenaventura River, about 400 meters from its mouth; on low sandy land, 100 

meters southea:-;t of a low marshy piece of ground. The station was marked by a 3 by 
3 inch redwood stub, 3 feet in the ground and projecting 3 inches. Reference marks 
as in note 26, page 617. 

Jlfonument (Ventura County Cal., W. E. Greenwell, 1870).-0n the bluff north 
of Main street, San Buenaventura, about 300 meters west of the Mission at the end of 
the bluff where the direction changes from west to north. (Note 26, p. u l /.) 

Meigs f17indmill (Santa Barbara County, Cal., A. F. Rodgers, 1904).-A tall 
windmill above a four-story tank house, the property of Peveril Meigs, 547 meters from 
Santa Barbara Light-house. To the eastward of the windmill and slightly more in the 
foreground from seaward is a prominent clump of eucalyptus trees. 

San Buenai•entura Latitude Station (Ventura County, Cal., G. Davidson, 1870).
A made block, firmly embedded in the ground, 102 yards from the edge of the bluff 
and 444.6 feet, N. o 0 oo' 22" W. (true), from San Buenaventura 8. (p. 639). 

San Buenaventura Azimut/z Jlfar/.: (Ventura County, Cal., G. Davidson, 1870).-
0n the bluff or plateau on the west side of the Sau Buenaventura River on the first 
plateau, about So feet above the river and nearest the sea. The station was marked 
by post of 4 by 4 scantling. The reference marks were nails in the tops of stubs, 6 
feet from the center. 

Santa Barbara Latitude Station IS69 (Santa Barbara County, Cal., G. Davidson, 
1869).-North 6.69 feet and east 16.93 feet of Santa Barbara 8. (p. 631). Not perma
nently marked. 

Santa Barbara Latitude Station I852 (Santa Barbara County, Cal., G. Davidson, 
1852; W. E. Greenwell, 1870).-This station was marked by a stone, bearing the letters 
U. S. C. S., with its top 3 inches below the surface of the ground. 

SANTA BARBARA TO POINT ARGUELLO. 

Fogg (Santa Barbara County, Cal., W. E. Greenwell, 1863).-0n a high hill south 
of the road from Santa Barbara through the Gaviota Pass, about 3 miles northwest from 
Hill's house, where the road descends into a large wooded arroyo. Keep up this for 
about l mile and then ascend the hill on the east side for about three-fourths of a mile 
to the highest part of the hill. The hill may be distinguished from others in that vicin
ity by having a few oak trees on the top and being free from a growth of mustard. 
(Note 14, p. 616.) · 

Bruce (Santa Barbara County, Cal., W. E. Greenwell, 1863).-0n the table-land 
about l 50 meters from the bluff. To reach the station, at a point about 2 miles beyond 
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Hill's house, on the road from Santa Barbara, turn to the left and follow down a slope 
toward the ocean for about -half a mile. (Note 14, p. 616. Center stone 8 inches 
underground. No reference stones. Stubs to north, south, and west.) 

Don (Santa Barbara County, Cal., W. E. Greenwell, 1863).-0n the top of a 
smooth rounded hill, entirely free from any growth of timber or brushwood, about 1 Y:) 
miles to the northeast of Mrs. Don's house. (Note 15, p. 616.) 

Niclwlas (Santa Barbara County, Cal., W. E. Greenwell, 1863).-0n the bluff at 
a bend of the shore line about half a mile east of the mouth of the first arroyo east of 
Mrs. Don's house and about three-fourths of a mile from the house. (Note 15, p. 616.) 

Alcatraz (Santa Barbara County, Cal., W. E. Greenwell, 1863).-0n the bluff 
immediately west of the mouth of the second wooded arroyo west of Mrs. Don's house. 
(Note 15, p. 616.) 

Buck (Santa Barbara County, Cal., W. E. Greenwell, 1863).-0n a high hill about 
l Y:) miles from the first wooded arroyo west of Mrs. Don's house along the stage road. 
(Note 15, p. 616.) 

Capitan (Santa Barbara County, Cal., W. E. Greenwell, 1863).-0n the edge of 
the first bluff beyond the Canada El Capitan going from Don's ranch toward· Point 
Conception, not more than 300 meters from the mouth of the canada, within 40 meters 
of the main stage road and to the southward of the re11rnins of an old corral. The sur
face of the ground near the station is covered with bowlders firmly fixed in the earth. 
(Note 15, p. 616.) 

Ortega (Santa Barbara County, Cal., W. E. Greenwell, 1863).-0n a high hill 
about half a mile from a point about a mile from Ortega's house, near where the canada 
forks. From Capitan 8 the hill appears between two higher hills which are covered · 
with sagebrush, except at the tops. (Note 15, p. 616.) . 

Goat (Santa Barbara County, Cal., W. E. Greenwell, 1863).-0n the top of the 
first high hill to the eastward of the Arroyo del Refugio and about a quarter of a mile 
from it, and about the same distance from the beach. The hill is covered with low 
greasewood bushes and presents a black appearance. (Note 15, p. 616.) 

Tahuivas (Santa Barbara County, Cal., W. E. Greenwell, 1863).-0n the top of 
a high hill about half a mile from the Tahuivas Vineyard, on the right side of the 
canada running up from the vineyard. (Note 15, p. 616). 

Refugio (Santa Barbara County, Cal., W. E. Greenwell, 1863).-0n the first ridge 
west of the Arroyo del Refugio, about 20 feet below the top, on the slope to the ocean, 
about 70 meters south of a conspicuous ledge of limestone. (Note 12, p. 616, the refer
ence stubs being 2 feet IO inches from the center, to the east, west, and south.) 

Young (Santa Barbara County, Cal., W. E. Greenwell, 1872).-0n a round, smooth
top hill to the west of the Sajiguas Canyon, the highest hill between the beach and the 
Sajiguas ranch house, about 150 yards toward the mouth of the canyon from the high
est point on the hill. (Note 13, p. 616.) 

Ledge (Santa Barbara County, Cal., W. E. Greenwell, 1872).-0n the top' of a 
bushy peak to the west of Sajiguas ranch house, on the north. side, on the edge 
of a precipitous ledge or wall of rock descending into a bushy canyon. (Note 13, 
p. 616.) 

Black (Santa Barbara County, Cal., W. E. Greenwell, 1872).-South of a pre
cipitous wall of rock on the top of a hill at the west side of the Canada Quemada, the 
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first hilltop covered with brush from the beach along the divide between the Canada 
Quemada and the first canyon to the west of it. (Note I 2, p. 6 I 6.) 

Quemada (Santa Barbara County, Cal., W. E. Greenwell, 1872).-0n the bluff 
near the beach and near the mouth of the first canyon west of· the Canada Quemada, 
about 200 feet north of where the canada comes out of the hills. (Note 13, p. 616.) 

Rock (Santa Barbara County, Cal., W. E. Greenwell, 1872).-0n top of a hill 
covered with thick brushwood, about midway between the canadas Los huevas del 
Cordeva (?) and Piedra de Molar, 100 meters north of a conspicuous ledge of rock. 
(Note 13, p. 616.) 

Stow (Santa Barbara County, Cal., W. E. Greenwell, 1872).-0n the top of the 
bluff, on the point at the west side of the mouth of the Canada Piedra de Molar, about 
150 meters south of the main road, near a deep crack in the earth. (Note 13, p. 616.) 

Camp (Santa Barbara County, Cal., W. E. Greenwell, 1872).-0n a rocky point 
at the east side of the Canada de San Onofre, the first high point after leaving the road 
at the east dde of the cafiada. (Note 26, page 617.) 

Onefre (Santa Barbara County, Cal., W. E. Greenwell, 1872).-0n a point at the 
west side of the mouth of the Canada de Sau Onofre, directly on the top of the bluff 
bank of the seashore and about 150 yards south of the road, near some live-oak trees. 
(Note 26, p. 617, with a similar stub also to the east.) 

Brusk (Santa Barbara County, Cal., W. E. Greenwell, 1872).-0n the top of the 
second brush-covered peak east of the mouth of Gaviota Canyon. The hill is covered 
with a gray sagebrush about halfway up, and from thence up with a dark-green bush 
interspersed with white sandstone. There are three small gulches on the south face of 
the hill. (Note 3, p. 615.) 

Ram (Santa Barbara County, Cal., W. E. Greenwell, 1872).-0n the top of the 
bluff back of the coast, about half a mile east of Gaviota Canyon and about 250 meters 
south of the main road. The country is a bench with a .gradual descent from the foot 
of the mountains, nearly half a mile. (Note 13, p. 616.) 

Burke (Santa Barbara County, Cal., W. E. Greenwell, 1872).-0n the highest 
point of the first bushy ridge on the left hand going up the Gaviota Pass, in sight from 
the house of Miguel Burke, near the mouth of Gaviota Canyon. The ridge runs nearly 
east and west and terminates in the Gaviota Canyon. The whole south side of it is 
covered with a dense growth of brush. (Note 13, p. 616.") 

Bald (Santa Barbara County, Cal., W. E. Greenwell, 1872).-0n the south slope 
of the top of the first and highest hill to the west of the mouth of the Canada del Agua 
Caliente, the first large canada west of Gaviota Canyon. (Note 12, p. 616.)' 

Knob (Santa Barbara County, Cal., W. E. Greenwell, 1872).-0n the west end of 
the highest point of the ridge at the west side of the Canada Alegria, a continuation of 
the ridge on which Alta 8. is located and the first bushy point of the ridge going north 
from Alta 8.. The south side is covered with loose white stones, giving it a white 
·appearance, and the north side of the hill is covered with thick brush. (Note 13, 
p. 616.) 

Alta (Santa Barbara County, Cal., W. E. Greenwell, 1872).-0n the highest point 
of a high, smooth hill, the first one west of the Canada Alegria, the second large canada 
west of Gaviota Canyon, covered with wild oats, brush, and grass; in the center of a 
rocky ledge of white stones, very much broken, and covering the highest peak of the 
hill. (Note 12, p. 616.) 
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Turn (Santa Barbara County, Cal., W. E. Greenwell, 1872).-East of the first 
small canyon east of Santa Anita, on top of the second high sagebrush-covered knoll 
east of Canada de Santa Anita. (Note 12, p. 616, the reference stubs being to the 
northwest, southeast, and southwest.) 

Anita (Santa Barbara County, Cal., W. E. Greenwell, 1872).-0n the first high 
point east of the mouth of the Canada de Santa Anita, about 25 feet from the bluff 
bank of the sea. (Note 13, p. 616.) 

Low (Santa Barbara County, Cal., W. K Greenwell, 1872).-0n a sagebrush 
knoll at the foot of the hills west of the west branch of the Canada del Macho, the first 
ridge running south from the face of the hill. The ridge above the station is covered 
with scattering live-oak timber and open spaces of a white color. (Note 13, p. 616.) 

Gull (Santa Barbara County, Cal., W. E. Greenwell, 1872).-0n the bluff bank 
of the ocean between the Canada del Macho, the first one west of Santa Anita, and the 
Canada del Estero, a little to the west of the highest part of the bluff and about 40 feet 
from the top of the bank. (Note 13, p. 616.) 

Seal (Santa Barbara County, Cal., W. E. Greenwell, 1872 ).-On the bluff bank of 
the sea at the west side of the mouth of the Canada del Builito (?),the first canada west 
of the Canada del Estero, about 10 feet from the top of the bluff. (Note 13, p. 616.) 

Ridge (Santa Barbara County, Cal., W. E. Greenwell, 1872).-At the east side of 
the Canada del Builito (?), on a sagebrush hill or ridge, not on the highest point of 
the ridge, but on the southwest slope of the first high point from the canada. (Note 
13, p. 616.) 

Duck (Santa Barbara County, Cal., W. E. Greenwell, 1872).-About a quarter of 
a mile west of the west side of the mouth of the Canada de San Augustine on the far
ther small point of the bluff from the mouth of the canada, about 20 feet from the top 
of the bluff bank of the seacoast. (Note 13, p. 616.) 

Jlfound (Santa Barbara County, Cal., W. E. Greenwell, 1872). -On the first high 
hill west of the main branch of the Canada de San Augustine, on a small flat place 
about 100 feet south of the top. On the highest point of the hill there is a square 
mound of flat white rocks, about 3 feet square, evidently having been built for some 
purpose. The hill is divided on its south face by a small canyon or gulch. The next 
hill west of it is covered with a growth of live oak, and the first hill east is covered on 
its west face in the same manner. (Note 12, p. 616, the reference stubs being to north
west, southeast, and southwest.) 

Undo (Santa Barbara County, Cal., W. E. Greenwell, 1872).-At the east side of 
the west ·branch of the Canada del Barranca Undo (?), on a knoll or spur of the foothills 
which terminate in the barranca where it leaves the hills, on a grassy spot on the south 
slope, about 150 feet above the barranca. (Note 13, p. 616). 

Bank (Santa Barbara County, Cal., W. E. Greenwell, 1872).-About 300 yards 
west of the mouth of the Canada del Barranca Undo (?), about 30 feet from the top oi' 
the bluff bank of the sea. (Note 13, p. 616.) 

Lime (Santa Barbara County, Cal., W. E. Greenwell, 1872) .-On the ridge of a 
conspicuous hill at the east side of the east branch of the Canada del Cojo Viejo, and 
at the west side of the first canada west of the Canada del Barranca Undo (?), on the 
south slope, which is covered with loose white rock; about halfway up the ridge and 
nearly midway between two large white rocks, about 100 feet apart. (Note 12, p. 616, 
the reference stubs being to the northwest, southeast, and southwest.) 
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Coxo (Santa Barbara County, Cal., C. Rockwell, 1869; W. E. Greenwell, 1872-74; 
D. Delehanty, 1890).-0n the top of extreme bluff between Coxo and Cojo Viejo about 
l mile east of Point Conception East Base 8; on the highest part of the point and 42 
feet above high-water mark, 30 feet 6 inches from edge of bluff to the south. (Note 6, 
p. 616, with a reference stub to the south only.) 

Wildcat(Santa Barbara County, Cal., C. Rockwell, 1869; W. E. Greenwell, 1872-74; 
D. Delehanty, 1890).-0n the top of a spur above the small valley formed by the forks 
of the Coxo Canyon, northwest of a pass about 50 feet lower than the station, on the 
main slope rising gradually to the lomas in the rear. On the east side of the pass is a 
landslide falling abruptly to the canyon below, presenting a bare, sandy appearance. 
(Note 6, p. 616, with north reference stub only.) ' 

Point Conception East Base (Santa Barbara County, Cal., C. Rockwell, 1869; W. E. 
Greenwell, 1874).-Near the eastern extremity of the plateau lying between El Coxo 
and the bight west from Point Conception, about 200 meters west from the edge of the 
bluff. (Note 6, p. 616, except there was no reference stub to the east.) 

Coyote (Santa Barbara County, Cal., C. Rockwell, 1869; W. E. Greenwell, 1874; 
D. Delehanty, 1890).-0n the main ridge west from the western branch of the Coxo 
Canyon, the continuing slope rising to the Coxo ranch house, nearly on the highest 
ground of the slope. About 40 meters north from the station the slope falls down about 
50 feet and then gradually rises to the mountains. (Note 6, p. 616, except there was 
no reference stub to the east.) 

Point Conception 1¥est Base (Santa Barbara County, Cal., C. Rockwell, 1869; W. ll. 
Greenwell, 1874).-Near the western extremity of the plateau lying between El Coxo 
and the bight west from Point Conception; about 200 meters east from where the ground 
commences to fall rapidly. The west end of a pond between the station and the light
house is in range with the easternmost cliff of Point Conception. (Note 6, p. 616, except 
there was no reference mark to the east.) 

Mesa (Santa Barbara County, Cal., W. E. Greenwell, 1874).-0n the mesa about 
l ~ miles north-northeast from Point Conception Light-house and 400 meters from the 
bluff bank of the sea, 7 5 meters southeast of the head of a small barranca, which is in 
a direct line with Point Arguello, about 200 meters southeast of the first important 
canyon going from the light-house to the north, 17 meters east of the trail leading up 
the coast. The station was marked by a redwood stub 2 feet in length, projecting 5 
inches above the ground. · 

La Costa (Santa Barbara County, Cal., C. Rockwell, 1869; W. E. Greenwell, 
1874).-Near the top of a mountain, about l ooo feet high, to the westward of the one 
which the wagon trail passes. The station was marked by two stubs, each 6 feet from 

• the center, to the north and south. 
Black Point (Santa Barbara County, Cal., W. E. Greenwell, 1874).-0n a small 

spur of the foothills which comes down quite close to the bluff bank of the sea and on 
the east side of which is a large canyon, which can be distinguished by a luxuriant 
growth of willows growing along the bed. The hill is densely covered with black sage
brush, giving it a darkish appearance at a distance. (Note 16, p. 616.) Reference 
stubs were in line with the light-house and the east and west of the station. 

Feldspar (Santa Barbara County, Cal., W. E. Greenwell, 1874).-0n a high hill 
directly back of Black Point 8 and northwest of La Costa 8. The top of the hill, as 
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well as the sides, is covered with loose rock similar to feldspar. (Note 16, p. 616, the 
reference stubs in line with the light-house.) 

Bluff (Santa Barbara County, Cal., W. E. Greenwell, 1874).-In the innermost 
part of the bight or bay between Point Conception and Point Arguello, on the high 
bluff bank, the only rise of any importance on the coast mesa in this vicinity and 
visible for a long distance in either direction; about 12 feet from the edge of the bluff. 
(Note 27, p. 617.) · 

Espada (Santa Barbara County, Cal., W. E. Greenwell, 1874).-0n the high 
grass-covered hill next south of Prospect 8, the soil being rocky and dry. The station 
was marked by a rock 2 feet 9 inches in length and 4 inches thick, placed on end 
and hole drilled in top to mark the center of station. 

Prospect (Santa Barbara County, Cal., W. E. Greenwell, 1874).-0n a high grass
covered hill between Tranquillon Mountain and Espada 8, southwest of a rocky peak 
100 feet higher than the station and distant 300 or 400 meters. The ground at this 
place is exceedingly rocky. 

Flint (Santa Barbara County, Cal., W. E. Greenwell, 1874).-0n a low bluff 
bank of the sea, the next point west of Bluff 8, 300 meters west of a small wash or 
barranca, which runs about north-northwest from the coast for a distance of 400 meters, 
15 meters from the edge of the bluff, which is almost perpendicular. The ground falls 
gently either way along the shore and rises gradually inshore. (Note 27, p. 617.) 

Point (Santa Barbara County, Cal.; W. E. Greenwell, 1863).-0n the edge of the 
first conspicuous point to the west of Capitan 8, an eighth of a mile west of the Arroyo 
del Refujio. (Note 15, p. 616.) 

Curlew (Santa Barbara County, Cal., W. E. Greenwell, 1863).-0n the bluff 
about 1 ?{. miles west of Bruce 8, and about 200 meters to the west of the mouth of 
the second wooded arroyo from that station. (Note 12, p. 616, the reference stubs 
being to the east, west, and south, and no center stub described.) 

Sage (Santa Barbara County, Cal., W. E. Greenwell, 1872).-0n the west side 
of the Sajiguas Canyon on the slope of the hill toward the south, 600 or 700 meters 
from the county road. In the vicinity of the station the ground is covered with 
sagebrush. (Note 13, p. 616.) 

Oats (Santa Barbara County, Cal., W. E. Greenwell, 1872).-0n a ridge covered 
with wild oats at the west side of the first caiiada of the Canada de San Onofre, nearly 
up to the foot of the highest rocky peak visible. About halfway up the ridge is a 
conspicuous ledge of sandstone, which extends across the face of the ridge. To reach 
the station ascend the first ridge west of the caiiada to the first high knoll, then skirt 
the right slope of the ridge to an opening in the rocks, about 140 meters to the right 
and below the summit of the hill; folfow the trail through this point (an oak tree 
seems to mark the place) and skirt the north slope of the rock to the summit of the 
ridge. (Note )3, p. 616.) 

Ward (Santa Barbara County, Cal., W. E. Greenwell, 1874).-0n the mesa near 
the point toward the Cojo landing, about 400 meters from the bluff bank of the sea 
(measured in line with the middle of Santa Rosa Island) and 60 meters south of the 
road leading from the Cojo landing toward Point Conception Light-house, nearly on a 
line from Wildcat 8 through Point Conception Astronomic Station prolonged, distant 
about 120 meters from the latter. The station was marked by a 3-foot redwood stake, 
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projecting 4 inches above the ground. Two reference stakes were placed each distant 
6 feet from the center, in line with the light-house. 

Point Conception Astronomic Station (Santa Barbara County, Cal., G. Davidson, 
1850; F. W. Edmonds, 1900; A. F. Rodgers, 1904).-About 1 710 meters east and 
259 meters north of the Point Conception 8., on the edge of a deep railroad cut. The 
station was marked by a brick monument, 2 feet 1 inch by 2 feet 1 76 inches, extending 
10 inches below the surface and 1 foot 2 inches above, and by two oak stakes, one 8 
feet north and the other 8 feet south; and also by two bottles, one 5 feet and the other 
1 o feet west at~d pointing toward the station. 

Point Conception (Santa Barbara County, Cal., C. Rockwell, 1869).-Near the 
highest part of Point Conception, 32.3 feet from the east corner of the light-house 
and 63.2 feet from the south corner. (Note 6, p. 616, except there was no reference 
stub to the east.) 

Espada Randt House (Santa Barbara County, Cal., W. E. Greet!well, 1874).
The only chimney on the Espada ranch house, on the north encl of the building. The 
Jalaua Canyon, which is the boundary between the El Cojo and the Espada ranches, 
has its outlet in a large pond about 100 meters east of the house. 

Oak (Santa Barbara County, Cal., W. E. Greenwell, 1863).-Near the edge of the 
bluff, on a long, low point about 1.5 miles distant from Pelican 8.. The station was 
marked by drill holes in the tops of three stones placed to the north, south, and east, 
each distant 3 feet from the center. 

Gaviota Latitude Station (Santa Barbara County, Cal., 0. H. Tittmann, 1875).
Near Gaviota 8. (p. 630). 

Arguello Latitude Station (Santa Barhara County, Cal., 0. H. Tittmann, 1876).
Near Arguello 8. (p. 630). 

Range (Santa Barbara County, Cal., D. Delehanty, 1890; F. W. Edmonds, 1900; 
A. F. Rodgers, 1904).-0n the ridge between the two main branches of El Coxo 
Canyon, running back for about half a mile in rear of Garcia's house; not on top, but 
on the last spur of the ridge overlooking the eastern branch of the canyon, within a few 
hundred yards of where the ridge begins to rise more rapidly. The station was marked 
by a cross formed of tacks, the center one of which is copper, in the top of a stake 376 
by 5 inches. A bottle buried neck up, 30 inches underground, over which was built 
a brick monument 2 by 2 by 2 feet. 

SAN CLEMENTE ISLAND. 

Malva (San Clemente Island, California,W. E. Greenwell, 1860; S. Forney, 1878).
About 700 meters from the beach, on the northwestern slope and near the top of the 
highest and most westerly long, \Vhite sand dune. (Note 3, p. 615, except a leaden 
bolt alone marked the center in the underground stone, and the stakes surrounding the 
center stone were pine.) The old- reference stubs to the north and south were found 
in 1878 and left undisturbed. 

Sau Clemente Island North Base (San Clemente Island, California, W. E. Green
welf, 1860; S. Forney, 1878).-The general locality of the base line is given under San 
Clemente Island South Base. The original markings were the same. In 1878 the 
center monument and three of the old reference stubs were found a:nd left undisturbed. 
New reference stones and stakes were placed as described in note 3, page 615. 

Iu277-04-46 
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San Clemente Island South Base (San Clemente Island, California, W. E. Greenwell, 
1860; S. Forney, 1878).-The San Clemente Island base.line· lies along a level stretch of 
land ac the northwest end of the island, about 3~ miles from the extreme northwest point, 
and south by west from \Vilsons Cove, on the southern face of the island and midway 
from shore to shore. In 1860 each end of the base was marked by a red sandstone 

monument, with the letters g· ~: in the top, surrounded by four redwood stubs with 

copper tacks in the tops, ranging north, south, east, and west, and equidistant from 
the center. In 1878 the sandstone monument was found and left undisturbed, and 
reference stakes and stones were placed as described in note 3, page 615, except the 
stakes around the center stone were pine. 

Ridge (San Clemente Island, California, W. E. Greenwell, 1860; S. Forney, 
1878) .-On the northern end of a conspicuous black ridge, near the head of the little 
valley running south from the anchorage at Wilsons Cove, and to the left coming up 
the valley. (Note 3, p. 615, except a leaden bolt alone marked the center in the under
ground stone.) In 1878 the old reference stubs to the south, east, and west were found 
and left undisturbed. 

Clay (San Clemente Island, California, W. E. Greenwell, 1860; S. Forney, 1878).
Near the head of the little valley starting from the anchorage at Wilsons Cove; about 
1 ~ miles from the cove, on the smooth surface of the land sloping toward the west, the 
same slope on which Wall 8 is located, and one-third of a mile west of road leading 
south from Wilsons Cove to Half Way House. (Note 3, p. 615.) In 1878 the old 
reference stubs to the north and south were found and left undisturbed. 

Wall (San Clemente Island, California, W. E. Greenwell, 1860; S. Forney, 1878).
At the head and on the west side of the little valley starting from the anchorage at 
Wilsons Cove; on the first high ridge about 200 meters to the southwest of the road 
leading from Wilsons Cove to the Half Way House. It is on the right hand or southern 
one of two ridges between which the road passes at a point about 2 miles from Wilsons 
Cove. (Note 3, p. 615, except a leaden bolt alone marked the center in the underground 

·stone.) In 1878 the old reference stubs to the north and south were found and left 
undisturbed. 

Ram (San Clemente Island, California, W. E. Greenwell, 1860; S. Forney, 1878).
About three-fourths of a mile from and east-northeast of Shell Cove. A gulch near the 
station runs up from it in the direction of Wall 8. In the immediate vicinity of the 
station were some bowlders and sage brush. (Note 3, p. 615, except a leaden bolt alone 
marked the center in the underground stone.) In 1878 the old reference stubs to the 
east and west were found and left undisturbed. 

Vulpus (San Clemente Island, California, W. E. Greenwell, 1860; S. Forney, 
1878) .-On the top of the western summit of a smooth hill sloping to the northward, 
the second low hill to the right and about 200 meters southwest of the road leading 
from Wilsons Cove to the Half Way House. (Note 3, p. 615, except the underground 
center stone is larger.) In 1878 the old reference stubs to the north, east, and south 
were found and left undisturbed. 

Gull (San Clemente Island, California, .W. E. Greenwell, 1860-62; S. Forney, 
1878).-0n the top of a ridge just north of Vulpus 8 and one-half mile from the north
east shore of the island. (Note 3, p. 615, except that the underground center stone is 
larger.) In 1878 the old reference stubs were found and left undisturbed. 
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Black Point (San Clemente Island, California, W. E. Greenwell, 1860; S. Forney, 
l 878). -Near the brow of the west end of a black ridge of land running apparently 
across the island 2 f2 miles north of Seal Harbor and two-thirds of a mile southwest of 
road from Wilsons Cove south 8. (Note 3, p. 615, except the underground center 
stone is larger. ) 

Malva 2 (San Clemente Island, California, W. E. Greenwell, 1860; S. Forney, 
1878).-0n the top of a hill 3 miles north of Seal Harbor, about midway the island, 
and about 300 meters southwest of road from \Vilsons Cove to Half Way House, in the 
largest clump of malva bushes on the island. (Note 3, p. 615.) 

Snipe (San Clemente Island, California, W. E. Greenwell, 1862; S. Forney, 1878).-
0n the top of a large flat ridge on the north face of the island one-half mile from the 
sea, 2 f2 miles north by east from Seal Harbor, and 200 meters northeast of road from 
Wilsons Cove to Half Way House. (Note 3, p. 615.) 

Rock (San Clemente Island, California, W. E. Greenwell, 1862; S. Forney, 1878).-
0n the highest part of the ridge starting west of Seal Harbor and running across the 
island to the nortl~east shore 2 miles 1,10rtheast of Seal Harbor and 100 meters west of 
road. (Note 3, p. 615, except a leaden bolt alone marks the center of station on the. 
underground stone.) 

Martin (San Clemente island, California, W. E. Greenwell, 1862; s: Forney, 
1878).--Six hundred meters from the.sea, on the north end of the same general ridge 
as Rock 8, and Bluff 8, near the brow of the hill, and 600 meters northeast of road. 
(Note 3, p. 615.) 

Blujf(San Clemente Island, California, W. E. Greenwell, 1862; S. Forney, 18t8).-
0n the extreme end of a bold point jutting out to the westward from the ridge running 
up to the northeast from Seal Harbor. The center was marked by an underground 
stone with lead bolt only, and a surface stone similar to that described in note 3, 
page 615. To the north of the station 6.8 feet was a drill hole in the fixed rock, and a 
similar one to the south 6. 2 feet. To the east 9.4 feet was a rock with a hole in the top 
set even with the surface of the ground. 

Ledge (San Clemente Island, California, W. E. Greenwell, l 862; S. Forney, l 878 ).
On a round, flat knoll about midway between the northeast and southwest sides of the 
island, the third hill east of Rock 8, and 11-i miles northeast of Seal Harbor. In l 862 
the station was marked by a hole drilled in the fixed rock. In 1878 it was re-marked 
with a leaden bo~t and copper nail marking the center. Holes were drilled in the fixed 
rock northward from the station, 5.4 feet; southeast, 5 feet, and southwest, 4 feet. 

Peak (San Clemente Island, California, W. E. Greenwell, l 862; S. Forney, l 879. )__: 
On the highest point of the most northwesterly of the ridges crossing the main ridge of 
the island, 2 ~ miles east of Seal Harbor and 600 meters northeast of road. The top of 
the ridge is covered with large stones, the outcroppings of a stratum of sandstone. In 
1862 the station was marked by a drill hole in a rock, covered by a pile of stones. 
In 1879 a leaden bolt with a copper tack was driven into this hole, the tack marking 
the center of the station. Crosses were cut on rocks, each distant 15 feet from the 
center of the station, as follows: To the east or southeast, on the top of a large bowlder; 
to the southwest, on a flat rock cropping out from the ledge, and to the north, on a flat 
rock l foot square. 

Green (San Clemente Island, California, W. E. Greenwell, 1862; S. Forney, 1879).-
0n a slight elevation 2 73 miles northwest of the highest point of the island, three-fourths 



COAST AND GEODETIC SURVEY REPORT, 1904. 

of a mile northwest of Halfway House, and about midway between the northeast 
and southwest shores of the island, and about 300 meters to the westward of a large 
gulch. In 1862 the station was marked by a drill hole in the solid rock, covered by a 
pile of stones. In 1879 a leaden bolt with copper tack was driven into this hole, the 
copper tack marking the center of the station. At a distance of 15 feet each, to the 
north, southeast, and southwest, were buried even with the surface three stones, l foot 
long and 2 inches square on the top, with a drill hole in the top. 

Boulder(San Clemente Island, California, W. E. Greenwell, 1862; D. B. Wainwright, 
l 878; S. Forney, 1879) .-On the end of the high ridge one-half mile northeast of 
Halfway House. The hill is conspicuous by reason of the number of large bowlders 
near the station. The center ~f the station was marked as in note 3, page 615. The 
reference marks were three drill holes in the fixed rock, located as follows: to the north, 
4.15 feet; to the southwest, 3.80 feet, and to the northeast, 3.90 feet. 

Sedge (San Clemente Island, California, W. E. Greenwell, 1862; S. Forney, 
1878).-011 the ridge l 0 miles southeast of Halfway House between two large gulches, 
near the edge of the northern one, 300 meters below where it branches, and about mid
way between the northeast and southwest shores of the island. In 1862 the station 
was marked by a drill hole in the fixed rock. In 1878 the station was re-marked as 
described in note 3, page 615, except the center stone is of an irregular shape and there 
were no reference stubs placed around it. 

Thirst (San Clemente Island, California, W. E. Greenwell, 1862; S. Forney, 
1879).-0n the highest point on the 1wrtheast side of the island, at the head of a large 
gulch running in a southerly direction to the ocean. About 400 meters to the south
east and across a small valley is a conspicuous knoll, covered with large bowlders. The 
center of the station was not marked in 1862, but three holes were drilled in rocks to 
the east, west, and north, one in a fixed rock and the other two in rocks placed in the 
ground, each distant 5.8 feet from the center. They were found in l 879, and the center 
of station was then marked by a stone, o. 2 foot square and o. 6 foot long, with a leaden 
bolt and copper tack, buried 2 feet below the surface of the ground. The surface mark 
and the reference stubs and stones were as described in note 3, page 615, except that the 
stones were placed northwest, northeast, and south. 

Vine (San Clemente Island, California, W. E. Greenwell, 1862; S. Forney, 1878).-
0n the top of the next hill to the eastward from Sedge 8., about l mile distant and l ?.( 
miles southeast of the highest point of the island. About 500 meters west of the sta
tion is a very large, deep gulch, and the head of a smaller gulch is about 50 meters 
southeast. In 1862 the station was marked by two drill holes in the fixed rock, each 
37Yz inches distant from and in a line with the center point. In 1878 the station was 
marked in a manner similar to that described in note 3, page 615, except there were no 
stubs around the center stone nor the refocence stones. 

Alta (San Clemente Island, California, W. E. Greenwell, 1862; S. Forney, 1879).-
0n the southeast side of the highest ridge of the island, on the summit of a round, 
smooth-top hill. Three hundred meters southeast across a small ravine is a prominent 
ledge of rocks. In 1862 three holes were drilled in the fixed rock: to the east, 7 feet 
2 inches; to the west, 8 feet 5 inches, and to the north, 5 feet 9 inches. In l 879 the 
station was marked as described in note 3, page 615, except the reference stones were 
set northeast, northwest, and south of the center stone. 
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Dome Hill (~an Clemente Island, California, W. E. Greenwell, 1862; S. Forney, 
1879).-0n the top of a prominent rocky dome-shaped peak about l Yz miles from the 
beach and 3Yz miles from the south end of the island. The station was not marked. 

Fork (San Clemente Island, California, W. E. Greenwell, 1862; S. Forney, 1878).-
0n a knob about 400 meters from the beginning of a ridge which starts in the forks of 
a large gulch running in a southwest direction to the ocean and which comes out one
third of a mile east of Cove Point; 1 .0 miles-southeast of the highest point of the island. 
In 1862 the station was marked by three stubs 22 inches from the center and 120° apart. 
In 1878 the center of station was marked as in note 3, page 615. No reference stubs or 
stones were placed, but three holes were drilled in the fixed rock: to the east, 12.8 
feet; to the west, 13.4 feet, and to the south 1 r.1 feet. . 

Gray (San Clemente Island, California, W. E. Greenwell, 1862; S. Forney, 1878.)-
0n the eastern slope near the top of the first large hill to the southeast of Alta 8.. In 
1862 the station was marked by a drill hole in the fixed rock. In 1878 a leaden bolt 
and copper nail were driven into the hole, the nail marking the center of station. Three 
holes were drilled in the rock: to the east, 9.8 feet; to the west, 9.6 feet, and to the 
south, 8. 1 feet. 

Guidi (San Clemente Island, California, W. E. Greenwell, 1862; S. Forney, 1878).-
0n the outer end of a high, flat ridge, and on the east side of and near the edge of a 
large gulch which runs in a southwesterly direction to the ~ean, about one-half mile 
from where it divides near Fork 8.. To the south and west of the station are two egg
shaped hills, about 1 mile distant and 3( mile apart. In 1862 a hole was drilled 
in the fixed rock to mark the station. In 1878 a leaden bolt and copper nail were driven 
into this hole, the nail marking the center of the station. Three holes were drilled 
in the fixed rock, to the north, 10.6 feet: to the east, 9.7 feet, and to the south, 8.2 
feet. 

Rest (San Clemente Island, California, W. E. Greenwell, i862; S. Forney, 1878).
About 2 miles north by east from Smugglers Cove, on the southern end of a ridge at a 
point near where the two ridges fonning the east and southeast extremities of the island 
join and about l mile southeast of Mosquito Harbor. In l 862 a hole was drilled it1 the 
fixed rock to mark the station. In 1878 the station was re-marked, as described in 
note 3, page 615. 

Kelp (San Clemente Island, California, W. E. Greenwell, 1862; S. Forney, 1878).-
0n the extreme edge of a long bli:i.ck-looking point, sloping in the direction of the 
southwest part of the island. North of the point, and about 800 meters distant, are 
two conspicuous hillocks. About 200 meters east of the station runs a deep gulch. In 
1862 the station was marked by a drill hole in the rock, and by three similar holes for 
reference marks 24 inches from the center, the lines connecting these with the center, 
making an angle of 120° with each other. In 1878 the center of station was re-marked, 
as in note 3, page 615, but without reference stubs or stones. 

Slope (San Clemente Island, California, W. E. Greenwell, 1862; S. Forney, 
1878).-0n the highest point on a long ridge sloping to the ocean, the first to the west 
from Smugglers Cove. About 150 meters to the north of the station runs a large gulch. 
In 1862 a hole was drilled in the fixed rock to mark the station. In 1878 a leaden bolt 
and copper nail were driven into this hole, the nail marking the center of the station. 
Three reference drill holes were made; to the east, 6.6 feet; to the south, 8.4 feet, and 
to tne west, 9.9 feet. 



686 . COAST AND GEODETIC SURVEY REPORT, 1904. 

Seal (San Clem~nte Island, California, W. E. Greenwell, 1862; S. Forney, 1878).
About 400 meters from the extreme south point of the island, known as China Point, on 
the top of the inland and highest of four small hillocks directly north of a small rocky 
island off south end of the point. In 1862 the station was marked by a drill hole in a 
large, fixed rock. In 1878 a kaden bolt and copper nail were driven into this hole, the 
nail marking the center of the station. Three drill holes in the fixed rock were made 
as reference marks; to the south, 3.3 feet; to the east, 3.6 feet, and to the west, 4. 1 feet. 

Cuds (San Clemente Island, California, \V. E. Greenwell, 1862; S. Forney, 1878).
Near the southeast end of a high ridge running northwest and southeast and at a point 
where it commences to descend to form the point of the island and r ~ miles from the 
point. It is the last high, rocky point on the southeast end of the island. The center 
of the station was a copper nail in a leaden bolt driven into a drill hole in the solid rock, 
with four drill holes as reference points, to the north, south, east, and west, each distant 
2 feet. 

I<nob (San Clemente Island, California, W. E. Greenwell, 1862; S. Forney, 1878) .
On the same ridge as Guds 8, and to the northwest of it, on a small knob on the top 
of the ridge. The center of the station was marked by a copper nail in a leaden bolt 
driven into a drill hole in the solid rock. There were two drill holes in the rock, 24 
inches each from the station, and in a line with it, and 15 feet distant to the north, 
southeast, and souUnvest, were three large stones, level with the surface of the ground, 
with drill holes in the top. 

Cactus (San Clemente Island, California, W. E. Greenwell, 1860-62; S. Forney, 
1878).-0n the western side, near the top, of a flat hill, northwest of San Clemente 
North Base and three-fourths of a mile west of \Vilsons Cove. The center of the sta
tion_ was marked by a stone, o.6 foot long and 0.4 by 0.3 of a foot on the top, buried 
even with the surface of the ground, with a copper nail and a leaden bolt in the top to 
mark the center. Four redwood stubs, each with copper nail in top, were placed 2 feet 
from the center, to the north, south,, east, and west. The old reference stubs to the 
north and west were left undisturbed. The theodolite stubs of pine were also left. 
They have no reference to the center of the station. 

Mound (San Clemente Island, California, S. Forney, 1878).-About 1 mile east of 
the landing at the San Clemente anchorage, on a rocky mound, having on each side of 
it to the north and south a mound of similar character. The station was marked 
by a stone 8 inches long and 2 by 4 inches at the top with a leaden bolt and a copper 
nail in the top, the nail marking the center of the station. Redwood stubs were placed 
2 feet from the center of the station, to the north and south; and one to the west, 2. r 5 
feet from the center of the station. A copper nail was driven into a crevice in the rock 
1.8 feet east of the center. 

llfesa (San Clemente Island, California, S. Forney, 1878).-0n the mesa to the east 
of the isthmus at the western end of the island about midway between Driggs Cove and 
the San Clemente anchorage. The station was marked by a stone o. 7 foot long and o. 3 
foot across the top, with a leaden bolt and a copper nail in its top, the copper nail 
marking the center of station. Four redwood stubs, each with a copper tack in the top 
were placed even with the surface of the ground, ranging approximately, north, south, 
east, and west, and distant 2 feet from the center of station. 
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San Clemente Longitude Station (San Clemente Island, California, George David
son, 1852; S. Forney, 1878).-At the San Clemente anchorage, on the sand beach 
about 50 yards from high water mark. To the eastward are small sand dunes covered 
with old shells and Indian mounds. The station was marked by a flat, irregular-shaped 
stone with a leaden bolt and a copper tack in the top, buried 2 feet underground. 
Above this was a redwood post 4 feet long and 3 by 4 inches, projecting 2 feet above 
the surface, with a copper nail in the top, marking the center of the station. Four 
smaller redwood stubs, each with copper nail in the top, were buried beneath the sur
face of the ground, 2 feet distant to the north, south, east, and west. 

Nor/Ii /-lead (San Clemente Island, California, W. E. Greenwell, 1860; S. Forney, 
1878).-Near the northern end of the flat-top ridge at the nortlrwestern extremity of 
the island, near the shore and 400 or 500 meters from a smooth sand beach. About 
north-northwest is a small island. (Note 3, p. 615.) In 1878 the four reference stubs 
were found and left undisturbed. 

SANTA CATALINA ISLAND. 

Cliff (Santa Catalina Island, California, S. Forney, 1875).-0n a high bluff· near 
the sea, about 50 yards northeast of the nearest point of the trail, about 1 76 miles east 
of the east point of Isthmus Cove. To reach the station, follow up the trail to the east
ward from the isthmus, until you reach the highest ridge, which runs about northeast 
and southwest; then follow the ridge to the northeast. (Note 20, p. 617.) 

Goat (Santa Catalina Island, California, S. Forney, 1875).-0n a high prominent 
bluff point about 2 miles east of the east point of Catalina Harbor. To reach the sta
tion, take the sheep trail that leads over the hill to the eastward of the isthmus to the 
top of the highest ridge, which runs about northeast and southwest; follow the ridge to 
the southwest. (Note 20, p. 617.) 

Red Peak (Santa Catalina Island, California, S. Forney, 1875).-0n the extreme 
northwest point of the island, on one of several peaks forming this point which has a 
red appearance. (Note 20, p. 617.) 

Granite (Santa Catalina Island, California, S. Forney, 1875).-0n the high~st 
point of a stony peak, the second highest on the west end of the island, composed of 
rock of a light color, in texture resembling granite. (Note 20, p. 617.) On the peak, 
but a few feet from its highest point, a bottle was found in 1875, buried with its mouth 
down and covered with loose rock; the distance to the bottle was 19.34 feet; in azimuth, 
117° 321 0011

• 

Ridge (Santa Catalina Island, California, S. Forney, 1875).-about midway 
between Granite 8 and West Peak 8 the ridge divides, one portion continuing on to 
West Peak 8 while the other runs to the south shore, almost at right angles to the 
main ridge; before reaching the shore, the southerly ridge becomes broken and divided 
into several rough, steep spurs. The station is situated on the only one of these spurs 
that sees stations Granite, Slide, and West Peak; and the space where the station is 
located is the only point on the spur where the three are visible. (Note 20, p. 617.) 

Stony Point (Santa Catalina Island, California, S. Forney, 1875).-0n a bold 
stony ridge making up from the coast to the west of a comparatively level space, or 
plain, cut in two by a deep canyon, in which there is water in two or three places, and 
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which is west of a large space of ground, very much cut up by the action of the rain, 
forming a very prominent landmark. (Note 20 1 p. 617.) 

Prospect (Santa Catalina Island, California, S. Forney, 1875).-0n the ridge on 
the west side of the isthmus, on the highest point of the ridge visible from the isthmus. 
There are three spurs leading from the isthmus to the station; one from the center of 
the isthmus; another from about the southwest point of the isthmus (these two spurs 
run together, and go to the station as one spur); the third spur runs from the bluff 
point, forming the western side of Isthmus Cove, and comes to the station from the 
northward. (Note 201 p. 617.) 

Well (Santa Catalina Island, California, S. Forney, 1875).-0n a peak to the 
westward of the entrance of Catalina Harbor and about southwest of a canyon opening 
into the harbor, in which is a well of water. The southern face of the peak is very 
rugged and runs almost perpendicularly down to the sea. The station was marked by 
a stone bottle with a small hole drilled into its bottom, buried with its neck down and 
bottom even with the surface of the ground. The reference stubs were placed as in 
note 20, page 617. 

Bz'rd Rock (Santa Catalina Island, California, S. Forney, 1875).-0n a bold rock 
off the northwest entrance to Isthmus Cove and about 1 .Yz miles from the beach in the 
cove, at the south end of the long narrow top. The position of the station is both diffi
cult and dangerous, owing to the cramped space and the loose and treacherous rocks 
which were continually giving way underfoot. By watching the swells in the harbor 
a good landing can be effected on the southwest corner of the rock, whence the top can 
be reached by climbing from ledge to ledge. The station was marked by a piece of 
iron, circular in form, 3 inches in diameter, 5 inches long, with leaden bolt and iron 
spike in its top, placed in a crevice in a rock, and wedged and held in its place by small 
pieces of rock. Four holes were drilled in large bowlders to the north, east, south, and 
west, and filled with lead, with copper tack in the center of each bolt, at the following 
distances from the center: north, 47 .oo inches; south, 45. z'5 inches; east, 47. 6o inches; 
west, 38. 70 inches. 

Santa Catalina Island Lati'tude Station (Santa Catalina Island, California, G. David
son, 1852; S. Forney, 1875).-0n the rise back of the beach, at the northern anchor
age, about 23 meters from low water. The western side of the harbor is about 2° or 3° 
to the west of north. A piece of iron, circular in form, 3 inches in diameter and an 
inch and a half thick, with leaden bolt and copper tack with a cross on top, was sunk 
about 18 inches below surface of the ground. Above this was placed a piece of iron 
kentledge, about 16 inches long and 4 inches square, with a leaden bolt and iron spike 
with a cross on it, surrounded by the letters U. S. C. S. A. S. cut with a cold chisel 
on its top. The reference marks are similar to those at Santa Catalina Island North 
Base. 

Wlzite Rock (Santa Catalina Island, Cali.fornia, S. Forney, 1875).-0n the highest 
part of a long rock, or island, about 1 mile from the beach at Isthmus Cove. The sta
tion was marked by a redwood stub, 1 inch by 1 Yz inches, driven in a crevice of ti1e 
rock, with a copper tack in the top to mark the center. Four leaden bolts, with copper 
tacks in the top, were set in the rocks of which this island is composed; one to the south, 
0.41 feet from the center (in the side of a round rock which stands about 18 inches above 
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the surface, and alongside of which the center stub is placed); one to the north, 2.36 
feet; one to the east, 2. IO feet, and one to the west, 2. 27 feet. 

Santa Catalina Island Nortlt Base (Santa Catalina Ishmd, California, S. Forney, 
1875).-0n the isthmus between Catalina Harbor and Isthmus Cove, on a slight ele
vation back of a large house known as the old Government Barracks, and between it 
and an old brick oven belonging thereto. A piece of iron, circular in form, 4 inches in 
diameter and 3 inches thick, with leaden bolt and copper tack with cross on it, was 
sunk 16 inches below the surface of the ground. Over this was placed a piece of.iron 
kentledge 4 inches square and about 14 inches long, the top even with the surface of 
the ground, having a leaden bolt and tack with a cross on the top of tack to mark the 
center of the station, and the letters U. S. C. S. N. B. cut with a cold chisel. Four 
brickbats, with a copper tack leaded into the top of each, were placed to the north, 
south, east, and west, each 2 feet from the center of station; three redwood theodolite 
stubs were left standing, but have no reference to the center of the station. 

Santa Catalina Island Soutlt Base (Santa Catalina Island, California, S. Forney, 
l 87 5). -On a little grassy fiat on the east shore of Catalina Harbor a piece of iron, 
about 3 inches thick and 5 inches in diameter, but irregular in form, with a leaden bolt 
and copper tack with a cross cut on its head to mark the center of the station, was sunk 
l 8 inches below the surface; on this was placed a piece of iron kentledge, 4 inches square 
and 18 inches long, the top even with. the surface of the ground, having also a leaden 
bolt and copper tack with a cross on its head to mark the center of the station, and the 
letters U. S. C. S. S. B. cut thereon with a cold chisel. The reference marks are the 
same as at Santa Catalina Island North Base. 

Cactus Peak (Santa Catalina Island, California, S. Forney, 1876).-0n the highest 
peak, on a high rocky ridge about three-quarters of a mile from the shore; on the top, 
which is covered with cactus bushes. The center was marked according to note 20, 
page 617; the reference marks were as follows: 2.66 feet southwest from the center, in 
'l bowlder of soft rock, a hoTe was drilled and filled with lead, and a copper bolt was 
driven into the top of the lead and a cross cut on its top; 2.46 feet northwest from 
center: a redwood stub was driven into the ground even with the surface, into the top 
of which was driven a copper rivet with a cross cut thereon; 4.26 feet east from the 
center of the station, in a large bowlder of soft rock, a hole was drilled and filled with 
lead, and a copper rivet with a cross cut on its top driven into the top of the lead; 2.73 
feet southeast from the center a redwood stub was sunk even with the surface of the 
ground, and a copper rivet with a cross cut on it driven into its top. 

Slide (Santa Catalina Island, California, S; Forney, 1875) .-On the northeast side 
of the southern one of two steep, reddish knolls of a spur running to the sea, on the 
top of the ktioll above the place where there had been a landslide. (Note 20, p. 617.) 

West Point (Santa Catalina Island, California, S. Forney, 1875).-0n one of the 
small peaks, immediately back of the beacl1: and forming the dividing ridge between the 
two shores of the island. The north side of the hill is steep but regular, while to the 
southward it is very much broken by washes and landslides. (Note 20, p. 617.) 

Black Point (Santa Catalina Island, California, S. Forney, 1875).-Nearthewater's 
edge, on a low bluff covered wfth brush giving it a black appearance. (Note 20, p. 617.) 

Fisk (Santa Catalina Island, California, S. Forney, 1875).-0n the extreme right-
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hand spur running from the ridge on which Ridge 8 is located, and well out toward the 
shore. (Note 20, p. 617.) 

Bluff (Santa Catalina Island, California, S. Forney, 1875).-0n the edge of the 
outer knob of a spur which runs from Granite 8 toward the coast in a southeasterly 
direction. (Note 20, p. 617.) 

Spur (Santa Catalina Island, California, S. Forney, 1875).-0n the edge of the 
high bluff in which the spur running from Oak 8 toward the south shore of the island 
terminates. (Note 20, p. 617.) 

Cone (Santa Catalina Island, California, S. Forney, 1875).-0n the second conical 
peak of the ridge forming the west side of the entrance to Catalina Harbor, very steep 
and rugged on its north and south faces. The center of the station was marked as in 
note 16, page 616; reference stubs as in note 20, page 617. 

Oak (Santa Catalina Island, California, S. Forney, 1875).-0n a smooth, round
topped hill, commanding a view of the north and south sides of the island, on the south 
of the divide, at the head of the canyon which separates \Vell 8 and Prospect 8 and 
joins the two ridges which lead from them in a westerly direction. (Note 20, p. 617.) 

Pablo (Santa Catalina Island, California, S. Forney, 1875).-0n a high, round
topped, green point, forming the eastern entrance of a rocky cove, on the beach of 
which stands a house known as Johnson's; to the westward of a large canyon where 
there is a spring of fresh water and a house occupied (in 1875) by a Spaniard named 
Hyppolyte A. Higuera. (Note 20,.p. 617.) 

Cherry (Santa Catalina Island, California, S. Forney, 1875).-0n a very conspicu
ous white bluff point making out from the west side of the second canyon to the west
ward from Isthmus Cove, known as Cherry Valley (from the wild cherry trees found 
there in great numbers), and in which there is a well of good water; on the highest 
point, and close to the bluff. (Note 20, p. 617.) 

Quartz (Santa Catalina Island, California, S. Forney, 1876).-0n a hill covered 
with broken quartz; not on the top, but about a quarter .of a mile directly toward the 
shore from the top and at a point where the ground begins to slope more rapidly. 
(Note 20, p. 617.) 

Brush (Santa Catalina Island, California, S. Forney, 1876).-0n the top of a 
brushy hill on the trail that leads east from Cliff 8. (Note 20, p. 617.) 

Silver (Santa Catalina Island, California, S. Forney, 1877).-0n a bare knoll on 
the edge of a high, bold bluff forming the southern end of the same ridge on which 
Dakin 8 and Lone Tree 8 are located, on the east side of Silver Canyon, where a 
number of deserted mines are located. (Note 20, p. 617.) 

Timms (Santa Catalina Island, California, S. Forney, 1876).-0n the top of a 
high, smooth hill a little south of the trail from the isthmus to Dakins Cove and about 
a half mile east of where the trail up Gallaghers Canyon joins the east and west trail. 
(Note 20, p. 617.) 

Dakin (Santa Catalina Island, California, S. Forney, 1876).-0n the high ridge 
running across the island from north to south, forming the west side of the valley in 
which Dakin's house is located; about a quarter of a mile south of the top of the hill 
from the east side of Gallaghers Canyon; on a smooth hill at the northern end of this 
ridge and about 500 yards south of the trail running from Dakin's house to Catalina 
and Isthmus Cove harbors. (Note 20, p. 617.) 
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East Peak (Santa Catalina Island, California, S. Forney, 1876 ).-On the south 
end of the last high ridge that runs across the east end of the island from north to 
south. (Note 20, p. 617.) 

East .llfountain (Santa Catalina Island, California, S. Forney, 1876).-0n the top 
of the northern end of the last high ridge that runs across the east encl of the island 
from tiorth to south. The trail from Dakins Cove to the south passes near the station. 
(Note 20, p. 617.) 

Lone Tree (Santa Catalina Island, California, S. Forney, 1876).-0n the main 
ridge running north and south, on the top of a rocky peak the next south of a peak 
with one large bush or tree on the northeast face near its summit. The trail passes 
around the foot of this peak on the northwest side. (Note 20, p. 61 7.) 

Higlz .111ozmtai1l' (Santa Catalina Island, California, S. Forney, 1876 ).-On the 
highest peak of Catalina Island, at the base of which, on the eastern side, a deep canyon 
runs toward the south side of the island, containing several springs of good water and 
a great many willow trees. (Note 20, p. 617.) 

Freeman (Santa Catalina Island, California, S. Forney, 1876) .-In a rolling country 
to the northeast of Cactus Peak, on the top of the most prominent one of the peaks 
which are from 150 to 200 feet lower than Cactus Peak. (Note 20, p. 617.) 

Round Top (Santa Catalina Island, California, S. Forney, 1876). -On the top of a 
prominent conical-shaped hill about 150 feet above and to the north of the trail along 
the ridge from Cactus Peak 8 eastward. (Note 20, p. 617.) 

Ord (Santa Catalina Island; California, S. Forney, 1876).-0n the top of the first 
prominent peak on the first ridge on the east side of the valley at Dakins Cove. 
(Note 20, p. 617.) 

vV!titleJ'S Peak (Santa Catalina Island, California, S. Forney, 1876).-0n the top 
of a high, bold peak, the highest point of the ridge on the east side of Whitleys Valley; 
the highest peak in sight in a southeasterly direction from Whitley's house. (Note 20, 
p. 617.) 

Corral (Santa Catalina Island, California, S. Forney, 1876).-0n the north slope 
of the ridge forming the east side of a deep canyon known a~ Gallaghers Canyon; on 
the third rise from the beach. (Note 20, p. 617.) 

Nortlz Spur (Santa Catalina Island, California, S. Forney, 1876).-0n the top of 
the hill on the west side of the small cove west of Dakins Cove, the termination of the 
first large ridge west of Sugarloaf Spur. (Note 20, p. 617.) 

Fletclzer (Santa Catalina Island, California, S. Forney, 1876).-0n a smooth, round 
hill on the side of the high ridge which runs across the island from north to south, the 
same ridge upon which Catalina Peak 8 and High Mountain 8 are located. The hill 
is north of a dark red knoll which is west of the small canyon directly under Catalina 
Peak. (Note 20, p. 617, except that the east and west stubs were oak and the latter was 
2.4 feet from the 8.) · 
~ Knob (Santa Catalina Island, California, S. Forney, 1876).-0n a high, well

defined point between the canyon whose east fork runs up to East Peak 8 and the 
canyon to the west of it. (Note 20, p. 61. 7) 

Pot (Santa Catalina Island, California, S. Forney, 1876).-About three-quarters of 
a mile from the shore, about a hundred yards north of the trail leading from Cliff 8 
eastward, on a high prominent hill at the head of what is known as Pot Valley, the first 
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high hill eastward from Cliff A. What is called· Pot Valley is not really a valley, but 
is a rolling table-land lying along the shore to the eastward of Cliff 8. (Note 20, 
p. 617.) 

Green (S:mta Catalina Island, California, S. Forney, 1876).-0n a high hill at the 
east end of Pot Valley about a half mile from the shore. (Note 20, p. 617). . 

Grape (Santa Catalina Island, California, S. Forney, 1876).-0n a bluff a quarter 
of a mile west of and in sight of Charley Miller's house, across a small canyon with a 
large grapevine in it. (Note 20, p. 617.) 

Carlos (Santa Catalina Island, California, S. Forney, 1876).-0n a high bluff 
about three-quarters of a mile east of Charley Miller's ranch, an old house and corral 
near the beach. (Note 20, p. 617.) 

White Bluff (Santa Catalina I~land, California, S. Forney, 1876).-0n a white 
bluff about two miles east of Catalina Harbor and about a half mile west of a small 
harbor known as Little Harbor, where there is an old house and sheep corral. (Note 
20, p. 617.) 

Edge (Santa Catalina Island, California, S. Forney, 1876).-0n the edge of the 
sea bluff, which is almost perpendicular on the sea side, about a quarter of a mile from a 
deep canyon to the east. (Note 20, p. 617.) 

Long Point (Santa Catalina Island, California, S. Forney, 1876).-At the edge of 
the bluff at the first point east from the extreme north point of the island. (Note 20, 
p. 617.) 

White (Santa Catalina Island, California, S. Forney, 1876).-0n a bold rugged 
bluff which forms the east point of Whites Valley, quite close to Frank Whitley's 
house. The station was marked by a brickbat with leaden bolt and iron spike placed 
in a crevice in the rock and wedged and held in place by small pieces of rocks. The 
reference marks were as follows: a lead bolt in a drill hole in the rock 2 feet from the 
center to the east; copper tacks leaded into drill holes 2.8 feet from the center to the 
west and 2 feet to the south. 

Southeast Point (Santa Catalina Island, California, S. Forney, 1876).-0n the 
extreme southeast point.of the island, about 450 yards back from and north of the bluff 
and about 300 yards from a drain on the east; about 100 yards from the shore under 
this station is Southeast Rock 8. (Note 20, p. 617.) 

Northeast Point (Santa Catalina Island, California, S. Foniey, 1876).-0n the 
extreme northeast point of the island about 550 yards from the shore to the east and 
south and about 120 yards back from a small bluff. (Note 20, p. 617.) 

Sugar Loa.f SpU1· (Santa Catalina Island, California, S. Forney, 1876).-0n the 
ridge for~ing the west side of Dakins Cove, of which the high regular-shaped rock at 
the west point of the cove, called Sugar Loaf Rock, is the prolongation, about 200 yards 
from. the nearest point of the shore. (Note 20, p. 617.) 

Black Ridge (Santa Catalina Island, California, S. Forney, 1876).-0n the seaward 
end of the black, brush-covered ridge running to the sea. (Note 20, p. 617.) 
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SAN NICOLAS ISLAND. 

San Nicolas (Sb.n Nicolas Island, California, S. Forney, I879).-0n the northern 
edg~ of a table-land forming the highest land on the island. (Note 19, p. 617, except 
that there were 3 stubs around the center stone.) There ·were also four oblong rocks, 
buried even with the surface of the ground, to the north, south, east, and west, and 
equidistant from the center of the station. 

Azimut!t (San Nicolas Island, California, S. Forney, 1879).-0n the point of a 
shoulder of the hills, about three-fourths of a mile due south of the western one of the 
two points at the northwest corner of the island; at a point where the incline changes 
from a gentle slope to a steeper one; about a half mile west by north of a fine spring 
with a few trees around it, which is about a half mile southwest of a small house on 
the shore where the claimant of the island lived in 1858. (Note 19, p. 617.) 

Slope 2 (San Nicolas Island, California, S. Forney, 1879).-0n a long, fl.at slope 
which begins at the ridge on the south end of the top and slopes northerly across the 
top of the island; on the east edge of the slope and about midway between the north 
and south ends; about due south of Corral Harbor; on an old shell mound. (Note 19, 
p. 617.) 

Summit 2 (San Nicolas Island, California, S. Forney, 1879) .-On the highest 
shell mound on the summit of the island. (Note 19, p. 617.) 

Ridge (San Nicolas Island, California, W. E. Greemvell, 1858; S. Forney, 
1879). -On the top of the main ridge or backbone of the island, at a point where the 
ground slopes gently to the eastward and northward; about 200 yards to the east of a 
small depression in .the ground, which is the head of a wide arroyo that falls gently to 
the northeast. There are ~races of an old shell mound around the station. (Note 19, 
p. 617.) 

Port (San Nicolas Island, California, W. E. Greenwell, 1858; S. Forney, 1879).
Near the bluff, on the top of the island, about 2 miles east of Corral Harbor; south
west of a deep gulch which makes up from the north side of the island. (Note 19, 
p. 617.) There were also four stubs, each with a nail in the top, around the station to 
the north, south, east, and west, and equidistant from the center. 

Bluff (San Nicolas Island, California, W. E. Greenwell, 1858; S. Forney, 1879).-
0n a dark knoll, one-fourth of a mile from the face of the bluff and on the same table
land as the base line. (Note 19, p. 617.) There were also three stubs, each with a 
nail in the top, to the north, south, and west of the center. 

Cliff (San Nicolas Island, 'California, W. E. Greenwell, 1858; S. Forney, 1879).
Immediately on the bluff, on a conspicuous chalky-looking knoll of whitish color. 
(Note 19, p. 617.) There were also three other stubs, each with a nail in the top, to 
the north, cast, and west of the center. 

San Nicolas Island Nortlz Base (San Nicolas Island, California, W. E. Greenwell, 
1858; S. Forney, 1879).-0u the high, fl.at table-land near the east end of the island. 
The station was marked by a red sandstone 4 inches square, on the top of. which were . 
cut the letters U. S. C. S. The reference marks were according to note 19, p. 617. 

San Nicolas Island Soutli Base (San Nicolas Island, California, W. E. Greenwell, 
1858; S. Forney, 1879).-0n the high table-land at the east end of the island, about 
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200 yards from the northern encl of the mesa. It was marked exactly as San Nicolas 
Island North Base 8 . 

Kelp (San Nicolas Island, California, W. E. Greenwell, 1858; S. Forney, 1879).-
0n the summit of a round, fiat-topped knoll at the east encl of the island. (Note 19, 
p. 6 l 7.) There were also four redwood stubs, each with a copper tack in the top, to 
the north, south, east, and west, about 3 feet from the center. 

Spur (San Nicolas Island, California, S. Forney, 1879).-0n the edge of a spur 
leading from the table-land on which the base is located and overlooking the sand 
beach on the east end of the island. (Note l 9, p. 6 l 7.) 

Bonn (San Nicolas Island, California, S. Forney, 1879).-At the eastern edge 
of the table-land on which the base line is located. (Note 19, p. 617.) 

San Nicolas Island Astronomic Station 2 (San Nicolas Island, California, 
S. Forney, 1879).-At the southerly end of the sand spit on the east et~d of the island, 
100 yards northeast from the line of a rocky bluff and about 50 yards from the beach. 
The ground around the station is a level sand bed, which is subject to overflow from 
the sea during southeast gales. (Note 19, p. 617.) 

Spring (San Nicolas Island, California, S. Forney, 1879).-Near the shore line on 
the extreme southwest point of the island, on a prominent sand dune; about 400 yards 
north of a spring of slightly brackish water on the face of the sea bluff. The station 
was marked by a stone, with leaden bolt and copper tack, buried three feet below the 
-surface of the ground. Above this, even with the surface of the ground, was placed a 
stone with leaden bolt and copper tack; three redwood stubs, with copper nail in each 
one, were placed to the north, south, and west, 4 feet from the center. 

North Head (San Nicolas Island, California, \V. E. Greenwell, 1858).-0n the 
northwest end of the island, about So feet above and one-fourth mile south of 
Azimuth 8, and about a mile from the shore. (Note 19, p 617.) There were also 
four redwood stubs, each with a copper tack in the top, to the north, south, east, and 
west, about 3 feet from the center. 

SANTA BARBARA ISLAND.' 

Mer Slope (Santa Barbara Island, California, A. W. Chase, 1871).-0n the trail 
leading up to the highest part of the island and well up on the ridge. The ground 
about the station is undermined by the mer, or mutton bird, and filled with holes. 
(Note 18, p. 617.) 

Southwest Ridge (Santa Barbara Island, California, A. W. Chase, l 87 l) .-On the 
edge of the bluff on the southwest side of the island, about halfway up the hill from 
the first bench, in a clump of cactus. (Note 18, p. 617.) 

Santa Barbara Island South Base (Santa Barbara Island, California, A. W. Chase, 
1871).-0n the second bench or slope on the eastern face of the island, near a clump 
of .cactus and wild cabbage bushes, a hundred yards southwest of a bare place about 
midway between the edge of the bank and the bottom of the hill. (Note 18, p. 617.) 

Santa Barbara Island North Base (Santa Barbara Island, California, A. W. Chase, 
1871) .-On the same slope as Santa Barbara Island South Base, in the thorny furze 
bushes beyond the trail leading up to the ridge, about halfway between the bluff edge 
and the bottom of the steep hill. (Note 18, p. 617.) 
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East Mound (Santa Barbara Island, California, A. W. Chase, 1871) .-On the 
summit of the conical hill on the northeast side of the island. (Note 18, p. 617.) 

Corral (Santa Barbara Island, California, A. W. Chase, 1871).-0n top and at the 
edge of the first bench above the house, on the left-hand side of the trail leading up 
from the corral and in the midst of a clump of cactus. (Note 18, p. 617.) 

ll1iddle Ridge ($anta Barbara Island, California, A. W. Chase, 1871).-0n the 
small middle hill or mound between the two large ones forming the top of the island, 
on the right-hand side of the trail leading across the island. (Note 18, p. 617.) 

Cave Point (Santa Barbara Island, California, A. \V. Chase, 1871).-0n a project
ing point, the first to the northeast of the landing place, near the edge of the bluff, 
surrounded by dead wild-cabbage trees. (Note 18, p. 6 1 7.) 

Fisherman (Santa Barbara Island, California,. A. W. Chase, 1871).-0n the north
western side of the island, on the first prominent hillock down the hill ~rom the middle 
ridge. (Note 18, p. 617.) 

SANTA CRUZ ISLAND. 

Summit Peak (Anacapa Island, California, 0. H. Tittmann, 1876).-0n the highest 
peak of the island. The station was marked by an irregular stone, flat surfaced, with 
a hole drilled in it. 

Dixon (Santa Cruz Island, California, S. Forney, 1874).-0n a high peak of the 
ridge forming the west side of Canada Posa; not at the highest point, but at the extreme 
southwest end of the long rather level top. (Note 17, p. 617.) 

john (Santa Cruz Island, California, W. E. Greenwell, 1857; S. Forney, 1874).-
0n one of the peaks forming the high ridge of mountains running through the island 
from east to west, immediately in front of the north side of the West End ranch house, 
and about 400 yards from where the trail strikes the top of the ridge. Two stubs were 
placed 18 inches from the center, to the north and south, and two other stubs 24 inches 
to the east and west. (Note 17, 'P· 617.) 

Ragged .!11ountain (Santa Cruz Island, California, W. E. Greenwell, 1857; S. For
ney, 1874).-0n the highest part of a stony ridge that leads up to the highest mountain 
on the southwestern part of the island. The best way to get to it is to follow the valley 
to the eastward from the West End ranch house until you come to the barley field; 
here the valley forks; take the right-hand fork, and follow it until you strike the first 
conical peak of large white mountain reached by following down a ridge leading to 
the south side of the island. Note 17, page 617, but there were no center bottles and 
the reference bottles were 3 feet from the center; four reference stubs were placed 3 feet 
from the center, to the north, south, east, and west. 

Dezoi/s Peak (Santa Cruz Island, California, W. E. Greenwell, 1857; S. Forney, 
187 4). -On the top of the highest peak on the island. Note 17, page 61 7, except that 
a redwood stub, instead of a bottle, marked the center. 

Flagstaff (Santa Cruz Island, California, S. Forney, 1874).-Near the West End 
ranch house, 66.2 feet, north 36° west, from the northwest corner. (Note 17, p. 617.) 

Center (Santa Cruz Island, California, W. E. Greenwell, 1856; S. Forney, 1875).-
0n a red clay knoll in the center of the old wagon road. To reach the station, follow 
the wagon road from West End ranch house to about l mile beyond and east of the last 
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clump of pines; then take the right-hand fork of the road. The station was marked 
by a redwood stub; the reference marks were bottles, as in note 17, page 617; there were 
also two large stubs north and south and two small ones east and west, with copper 
tacks in top, all distant 3 feet 9 inches from center. · 

Red Peak (Santa Cruz Island, California, W. E. Greenwell, 1857; S. Forney, 
1874).-0n a high, bold peak covered with red rock immediately in front of the main 
ranch house, which can be approached by a small brushy ridge on the north face of the 
valley; about 1 Yz miles west of the main ranch house. (Note 17, p. 617, except that 
there was a stub at the center.) 

Grouse (Santa Cruz Island, California, W. E. Greenwell, 1856; S. Forney, 1875).-
0n the top of the main ridge, a little over half a mile east of Shaw 8, between where 
the fourth and fifth ridges from the valley join it, counting eastward from the ridge 
Shaw 8 is on. (Note 17, p. 617, except that the reference marks were redwood stubs 
with c~pper tacks in the top, instead of bottles.) Four other stubs were placed around 
the station at distances of 36 inches. 

Cave (Santa Cruz Island, California, W. E. Greenwell, 1857; S. Forney, 1875).-
0n the top of a steep, rocky hill on the west side of the mouth of a narrow valley, run
ning south on the east side of which is a large white mountain and in which is a stream 
of good water and plenty of willows; you will also pass the remains of a brush fence at 
the ridge about a quarter of a mile west from Center 8 which leads down into the valley. 
This ridge has a well-defined trail leading down it on the east side. The center of the 
station was marked by a redwood stub, 12 by 3 inches, covered with stones; the refer
ence marks were as follows: a redwood stub to the east l .8 feet from the center of sta
tion; a bottle to the south 2 feet from the center; a bottle to the north l .4 feet from the 

.center. 
Valley Peak 2 (Santa Cruz Island, California,~. E. Greenwell, 1857; S. Forney, 

1875).-Thirty yards north of Valley Peak 1 8 (p. 698), on the highest peak of the 
ridge bordering the valley on the north side, in an easterly direction from the superin
tendent's house. The station was marked by four stubs, each 3 feet from the center, 
to the north, south, east, and west. 

Harbor (Santa Crnz Island, California, W. E. Greenwell, 1857; S. Forney, 1875).-
0n the second ridge east of the valley leading from the beach at Prisoners Harbor to 
the main ranch. To reach the station, follow the trail up the first ridge (east from 
Prisoners Harbor) until it branches to the left, then up this branch t<;> the main part of 
the second ridge (east from Prisoners Harbor); then about halfway down this ridge 
(to the left) toward the sea is the station. (Note 37 p. 618.) 

Mount Pleasant (Santa Cruz Island, California, W. E. Greenwell, 1857).-Reported 
lost in 1875. On a mountain, known as Mount Pleasant, halfway on the trail leading 
from the main ranch house to the eastern ranch house. The center was marked by a 
pine pole. There were no reference stubs. 

Coche Point (Santa Cruz Island, California, W. E. Greenwell, 1857; S. Forney, 
1875).-0n a high, perpendicular bluff to the eastward of Prisoners Harbor, known as 
Coche Point; not immediately on the bluff, but 400 or 500 meters beyond on the second 
slope, on a little knoll partly free from the thick growth of dwarf oaks with which the 
point is covered. The station was marked by four reference stubs, to the north, east, 
south and west, each distant 3 feet from the station, 
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Ridge (Santa Cruz Island, California, W. E. Greenwell, 1857).-Reported lost in 
1875. Halfway along the ridge to the eastward from Mount Pleasant to the high 
mountain, on a hill covered with red dwarf bushes, on the trail from the main ranch 
house to the East End ranch house. A willow pole marked the center. There were 
no reference stubs. 

Higlz llfozmt (Santa Cruz Island, California, W. E. Greenwell, 1857; S. Forney, 
1875).-0n a peak in a high range of wooded mountains ea<>t of Prisoners Harbor, 
running apparently across the island; immediately on the trail from Scorpion Harbor 
to the main ranch, at about the highest elevation on the trail before descending the 
west slope. (Note 17, p. 617, redwood stubs, with copper nails in their tops, being 
substituted for bottles.) There was also 'an oak stub 3 feet to the north of the station. 

I 
Azimut!t llfark (Santa Cruz Island, California, S. Forney, 1874).-About I mile 

west of Mesa 8, on the same ridge. The mark was a short pole, supported by three 
short braces, with a range mark to the west of it about 20 feet. 

East Point (Santa Cruz Island, California, W. E. Greenwell, 1857; S. Forney, 
1875).-0n a smooth, conspicuous hill overlooking the shore, the only high hill near 
the east point of the island, a few feet down the slope from the highest part of the hill. 
The station was marked by a stub. . 

Platts Harbor (Santa Cruz Island, California, \V. E. Greenwell, 1857; S. Forney, 
1875).-0n the eastern headland of Platts Harbor, a point covered with scrub pines. 
The best approach is from a landing about I mile east. The station was marked by a 
stub, 2 by 3 inches, and four reference stubs, 2 by 3 inches, were placed to the north, 
south, east, and west of the station and 4 feet from it. 

Punta Diab/o (Santa Cruz Island, California, S. Forney, 1874).-0n a high, bold 
point of that name about half a mlif northwest of the small cove called Frys Harbor; 
on the east side of the point abo'iK 400 fe~t east of the west end of the north bluff, 
where the slope changes from a gentle to a steep incline. (Note 37, p. 618.) 

Punta Gorda (Santa Crnz Island, California, S. Forney, 1874).-0n a broad white 
point near the sea, about 2 ~ miles to the east of Santa Cruz 8, on an old shell mound. 
(Note 17, p. 617; reference bottles only.) 

Posa (Santa Cruz Island, California, S. Forney, 1874).-0n the second ridge to 
the east of the Posa Landing, about 1 ooo yards from the shore line. (Note 1 7, p. 61 7; 
reference bottles only.) 

Alta (Santa Cruz Island, California, S. Forney, 1873).-0n the highest peak as 
seen from the West End ranch house looking in a northnortheast direction. The 
north face of this peak is covered with large oak trees; there are also a few on its sum
mit. (Note 17, p. 617; reference bottles only.) 

r.Vlu'te Hill (Santa Cruz Island, California,' S. Forney, 1873).-0n a white-colored 
hill about halfway between the \Vest End ranch house and Canada Posa and on the 
trail between them. (Note 17, p. 617, reference bottles only.) 

Black Hill (Santa Cruz Island, California, S. Forney, 1874).-0n a brushy, dark
looking hill about halfway between Kinton 8 and White Bluff 8. (Note 17, p. 617, 
reference bottles only.) · 

Gull (Santa Cruz Island, California, S. Forney, 1874).-0n a high hill covered 
with brush and cactus, on a small ridge south of l3lack Hill 8, about 700 yards from 
the shore line. (Note 17, p. 617, reference bottles only.) 

J0277-04r--47 
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Bluff (Santa Cruz Island, California, S. Forney, 1874).-0n the first high, bold 
bluff southwest from the West End ranch house, near the edge of the sea bluff. About 
20 yards from the base of this bluff is a large rock. (Note 17, p. 6 r 7.) 

Bench flfark (Santa Cruz Island, California, S. Forney, 1874).-0n the mesa, at 
the point of the ridge which forms the south side of the valley at the West End ranch 
house, about l ooo yards south 62° west from the northwest corner of the ranch house. 
(Note r 7, p. 6 r 7, reference bottles only.) 

Kinton (Santa Cruz Island, California, S. Forney, 1874).-0n the first bold bluff 
to the southwest of Bluff.&., near the edge of the sea bluff, on the south side of the 
point. (Note 17, p. 617, reference bottles on~y.) 

Black Point (Santa Cruz Island, California, S. Forney, 1874).-Near the edge of 
the sea bluff, on the west side of Black Point, the first prominent point to the north 
and west of the West End ranch house, and formed by a large black rock. (Note r 7, 
p. 617, reference bottles only.) 

Mesa (Santa Cruz Island, California, S. Forney, 1874).-0n the main ridge run
ning through the island from east to west. (Note l 7, p. 6 l 7, reference bottles only.) 

Toro (Santa Cruz Island, California, S. Forney, 1874).-0n the main ridge run
ning through the island from east to west, on a knoll on the north face of the ridge. 
The station was marked by three stone bottles, each with a hole in the bottom, buried 
neck down even with the surface of the ground, one to the east and one to the south, 
each 2 feet from the center of the station, and one to the west 3 feet fr01i1 the center. 

West Point (Santa Cruz Island, California, S. Forney, 1874).-0n the south side' 
of the low point which forms the extreme west point of the island, near the sea bluff, 
whieh, at this point, runs north and south. (Note 17, p. 617, except that a stub marks 
the center.) 

Valley Peak I (Santa Cruz Island, California, W. E. Greenwell, 1856; S. Forney, 
l 87 5). -On the top of the highest peak of the ridge bordering the valley on the north 
side, in an easterly direction from the superintendent's house. (Note 37, p. 618.) 

Valley I (Santa Cruz Island, California, W. E. Greenwell, 1856; S. Forney, 
1875).-At the top of the main ridge bordering the valley (in which are located the mait1 
ranch buildings), on the north side, and east of the canyon leading to the beach at 
Prisoners Harbor, about north of Santa Cruz Island East Base.&., but not visible from it. 
(Note 37, p. 618.) 

Valley 2 (Santa Cruz Island, California, W. E. Greenwell, 1856; S. Forney, 
1875).-0n the east end of the ridge bordering the valley (in which the main ranch 
buildings are located) on the south; the station was marked by a redwood stub, 2 by 3 
inches, and four stubs were placed to the north, south, east, and west, and 2 feet from 
the center, Two other stubs were placed there in 1856, 2 feet 9 inches from the center; 
these were found in 1875, and left standing. 

Shaw (Santa Cruz Island, California, W. E. Greenwell, 1856; S. Forney, 1874).
Very near the top of the ridge, nearly bare of vegetation, immediately in the rear of the 
house occupied by Mr. Joyoux (1874). The station was marked by a redwood stub 
in the top of which a copper tack with a cross on it was driven. Four redwood stubs, 
each with a copper tack in the top, were placed to the north, south, east, and west, and 
2 feet each from the center. There were three other stubs around the centt!r, 44 inches 
distant. 



APPENDIX NQ. 9. TRIANGULATION IN CALIFORNIA. 
' 

Santa Cruz Island West Base (Santa Cruz Island, California, W. E. Greenwell, 
1856).-Reported lost, 1873. . 

Santa Cruz Island East Base (Santa Cruz Island, California, W. E. Greenwell, 
1856; S. Forney, 1875).-About the center of the valley, 300 meters east of the house 
occupied in 1874 by the superintendent of the island, Mr. J. B. Joyoux. The station 
was marked by a granite stone sunk into the ground, and by four reference stubs driven 
into the ground, one to the east and one to the west, each 2 feet 9~ inches from the 
center; one to the north and one to the south, each 2 feet 8.Y:i inches from the center. 

Santa Cruz West Latitude Station (Santa Cruz Island, California, 0. H. Tittmann, 
1874).-Near Santa Cruz West 8 (p. 631 ). 

SA:-;'TA ROSA ISLAND. 

Farrell (Santa Rosa Island, California, W. E. Greenwell, 1869; S. Forney, 
1872. )-On the top of a conspicuous smooth hill which can be seen, and is prominent, 
from any part of the west face of the island. Immediately in the vicinity of the station 
the top of the l{ill is covered with small shells. West of the station, at the base of 
the hill, was a board fence which continued on down to the south face of the island. 
On the north face of the hill, about 200 feet down from the station, was a small spring 
of good water. The station was marked by a block of limestone, 3 by 3 inches at the 
top, with a small hole drilled in the center, and the letters U. S. C. S. cut on the top 
of the stone. Four redwood stubs, with a brass nail with a cross on its head drive11 
into each, were placed to the north, south, east, and west, equidistant from the center. 

Brockway (Santa Rosa Island, California, W. E. Greenwell, 1860; S. Forney, 
I 873) .-On the north face of the island about a quarter mile from the ocean, near the 
mouth of a canyon on the west, about midway between it and the Canada Verde on 
the east. The station was marked by a limestone block, 3 by 3 inches, with the letters 
U. S. C. S. cut on the top face. Four redwood stubs, 3 by 3 inches, each with a com
position tack marked with a cross in the top, were placed north, south, east, and west 
4 feet from the center. The three theodolite stubs were left undisturbed, but they 
bear no tacks. 

Gulch (Santa Rosa Island, California, W. E. Greenwell, 1860; S. Forney, 1872).-
0n a small hill on the north face of the island, and not more than a quarter mile from 
the ocean. About 450 meters east of the station was a board fence. (Note 38, p. 618.) 
The stubs upon which the theodolite tripod rested were left undisturbed. 

La Mesa (F) (Santa Rosa Island, California, S. Forney, 1872) .-On the top of the 
eastern and the higher of two isolated mesas about midway of the island east and west, 
and 1 mile from the north shore of the island; between Canada Soledad and Canada 
Verde. On the slope of the hill, about 1 500 meters south of the station, is a large 
corral. West of this corral, and close by, in Canada Soledad, stands an old house; this 
is the only house and·corral on the west end of the island. (Note 36, p. 618, except that 
the center stub was set into the ground 18 inches.) The three theodolite stubs were 
left standing; they have no tacks in them. 

Black Mountain (Santa Rosa Island, California, S. Forney, 1872).-0n the top of 
a black mountain in plain view from the ranch house at the landing on the east end of 
the island. The north slope of the mountain is covered with stunted pine and oak 
trees. (Note 21, p. 617, the stubs being 2 feet from the center.) 
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Peclio (Santa Rosa Island, California, S. Forney, 1872) .-On the northern and 
higher of two prominent conical shaped peaks close together on the main ridge that 
runs through the island. (Note 38, p. 618.) The theodolite stubs were left undisturbed, 
but they bear no nails. 

Soledad (Santa Rosa Island, California, S. Forney, 1872).-0n the highest peak 
of the island, at the head of Canada Soledad. To reach the station, follow Canada 
Verde to a small grove of willows surrounding a spring of water. At this point there 
is a trail leading over a low dh•ide into the next canyon, which is Canada Soledad; 
follow this canyon to its head. The station was marked by a 2 by 3 inch redwood stub. 
Two copper tacks were leaded into holes drilled into the rock in line with the center, 
northwest 3.35 feet, and southeast 3.85 feet. To the north 3 feet, and to the south 
two-thirds of a foot, in line with the center, were two redwood stubs, each 2 by 3 inches, 
with a copper tack in the top. There we;e but two stubs used at this station for the 
theodolite tripod; the third leg rested on a rock. These stubs were left undisturbed 
in the ground. 

Summit (Santa Rosa Island, California, S. Forney, 1872).-0n the highest peak 
at the west encl of the main ridge of mountains that runs through the center of the 
island from east to west. (Note 36, p. 618, except the north and south stubs were red
wood, the east and west were pine.) The three theodolite stubs were left in the ground 
undisturbed, but they had no tacks in them. 

Divide (Santa Rosa Island, California, S. Forney, 1872).-0n a bare, isolated 
knoll which is part of the only ridge leading from Soledad 8. to the south side of the 
island. (Note 36, p. 618.) The theodolite stubs were left undisturbed in the ground. 
They had no tacks in them. 

Grouse 2 (Santa Rosa Island, California, S. Forney, 1872).-0n a rocky hill, 
about a quarter of a mile from the shore line, at the end of the ridge on which Divide 8. 
is located. The station was marked by a redwood stub, 2 by 3 inches, fitted into a 
hole cut into the rock. Two rt:dwood stubs were placed to the east and west, in a line 
with the center, and one to the north. Each stub was 2 feet from the center and had 
a composition tack in the top, and the head of each tack had a cross cut upon it. The 
theodolite stubs were left undisturbed. 

Alta (Santa Rosa Island, California, W. E. Greenwell, 1860; S. Forney, 1872).-
0n the top of a smooth, egg-top hill, the highest in the vicinity of the east point of the 
island, about 1 200 yards from the shore. (Note 38, p. 618.) The four stubs set in 
1860 were found in 1872. 

Sand Point (Santa Rosa Island, California, W. E. Greenwell, 1860; S. Forney, 
1872).-To the west of the top of a low, white hill, smooth and grassy on its top, 
southeast of the anchorage. The station was marked by a stone monument, 3 by 3 inches, 
with U. S. C. S. cut on it. Four stubs with nails in their tops were placed around the 
center in 1860, and in 1872 four redwood stubs, each with a composition tack in the 
top, with a cross cut on the head, were placed alongside the old stubs, north, south, east, 
and west, in a line with the center of the station and 2 feet from it. 

Ridge (Santa Rosa Island, California, W. E. Greenwell, 1860; S. Forney, 1872).-
0n the highest part of a conspicuous smooth ridge almost 3 miles south of the anchor
age north of the Canada Corvrou, and about 600 metero north of an old cG>rral. The 
station was marked by a stub with a nail in its top. Four redwood stubs were placed to 
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the north, south, east, and west and equidistant from the center; the ones to the north 
and east with nails in the tops; those to the south and west with tacks marked with 
crosses on the heads. 

Corral (Santa Rosa Island, California, W. E. Greenwell, 1860; S. Forney, 1872).
About northwest of the anchorage, ou a smooth hill which makes well down to the 
ocean, at a point southeast of the top. To the south of it stands a ridge of white sand, 
a· distinguishing feature on this part of the island. About east-southeast and distant 
6oo meters is an old corral and wharf: The station was marked by a stone monument, 
3 by 3 inches at the top, with the letters U. S. C. S. cut on it. In 1872 four redwood 
stubs, each with a composition nail in the top, with a cross cut on the nail, were placed 
to the north, south, east, and, west, in a line with the center of the station and 2 feet 
from it. Alongside three of these stubs were the stubs of I 860, each with a composition 
nail in the top. 

Blad~ Hill (Santa Rosa Island, California, W. E. Greenwell, 1860; S. Forney, 
1872).-Upon one of the foothills of Black Mountain. It can be found by following up 
the caiiada leading from the anchorage to its head and thence ascending the ridge to 
the left. The station was marked in 186o by a stub with a nail in the top, surrounded 
by four similar stubs. In 1872 four new redwood stubs were placed to the north, south, 
east, and west, in a line with the center and 2 feet from it, each with a copper tack in 
the top. The four old stubs were left standing. They each have a composition nail in 
the top. 

Santa Rosa Island West Base (Santa Rosa Island, California, W. E. Greenwell, 
1860; S. Forney, 1872).-At the western end of the level stretch of land (see Santa 
Rosa Island East Base 8), and at the western end of the top of a slight elevation. It 
was marked exactly like Santa Rosa Island East Base 8. 

Santa Rosd Island East Base (Santa Rosa Island, California, W. E. Greenwell, 
1860; S. Forney, 1872).-0n what is known on the island as the Rodea Ground, a level 
place where large bands of cattle are collected, almost a thousand meters northwest of a 
small wooden house uear the main anchorage; about the middle of the top of a slight 
elevation. The station was marked by a red sandstone block sunk 1 foot in the ground 
and projecting 2 inches, with the letters U. S. C. S. cut on the top. Four redwood 
stubs, each with a brass nail in the top with a cross cut on it, were placed to the north, 
south, east, and west, in line with and 2 feet from the center. 

Round Top (Santa Rosa Island, California, W. E. Greenwell, 1860; S. Forney, 
1872).-0n the top"of a conspicuous round-top hill, in the foothills between two cafiadas, 
the one on the west being the Cafiada Lobos. The station was marked by a redwood 
stub with a composition nail it~ the top, surrounded by four similar stubs. In 1872 
new redwood stubs, each with a copper nail in the top, were placed to the north, south, 
east, and west, in line with the center and 2 feet from it. 

La Mesa (G) (Santa Rosa Island, California, W. E. Greenwell, l86o).-Probably 
lost, 1872; see La Mesa (F) 8, page 699. 

Lz"me Poz"nt (Santa Rosa Island, California, W. E. Greenwell, 186o; S. Forney, 
1872).-0n the extreme northeast point of a rolling table-land northeast of Cafiada 
Verde; almost 480 feet due south of a point on the bluff, 300 feet west of the mouth 
of a small stream, the first stream west of the Canada Lobos. (Note 37, p. 618, except 
that the kind of stub was not stated.) 
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Spur (Santa Rosa Island·, California, W. E. Greenwell, 1860; S. Forney, 1872).-
0n the west face of the hill which is the continuation of the same spur on which 
Farrell 8 is located, on the trail that leads over the main ridge of mountains running 
across the island from east to west. The station was marked by a stub with a compo
sition nail in the top, and by four redwood stubs, each 2 by 3 inches, and with a copper 
tack in the top, placed to the north, south, east, and west, in a line with and 2.5 feet 
from the center. 

Grouse (Santa Rosa Island, California, V.l. E. Greenwell, 1860).-Reported lost 
in 1872. 

East Point (Santa Rosa Island, California, \V. E. Greenwell, 1860; S. Forney, 
1872).-Within 200 meters of the extreme east point of the island, close to the south 
bluff. (Note 38, p. 618.) There were four other stubs around the station. 

Corvron (Santa Rosa Island, California, W. E. Greenwell, 1860; S. Forney, 
l 872) .-On a round, smooth-top hill, but not on the summit. To reach the station, 
follow up the Canada Corvron to a quagmire. At the present time ( l 872) there is a 
large spring of water with some willows around it at the foot of the hill; the water is 
excellent. The spot can not be mistaken, as these are the only trees on this edge of 
the island. The station is on the hill overlooking the spring, to the northward· and 
nearly abreast of it. (Note 37, p. 618, except distance from center not given.) 

Barton (Santa Rosa Island, California, \V. E. Greenwell, 1860; S. Forney, 1872).-
0n a smooth-top hill which, in the immediate viCinity of the statioi1, is very stony; 
about 2 mil~s from the ocean and about due south of the spring described in ConTon 8. 
The station was marked by three redwood stubs to the east, west, and south, and 2 

feet from the center, each with a copper tack in the top. 
Vaca (Santa Rosa Island, California, W. E. Greenwell, 1860).-Reported lost in 

1872. I 

Borrego (Santa Rosa Island, California, W. E. Greenwell, 1860; S. Forney, 
1872). -Three hundred meters from the shore, immediately east of a large caiiada, 
which is a prominent feature of this part of the island and in which there is water. 
(Note 37, p. 618.) 

Bald Hill (Santa Rosa Island, California, W. E. Greenwell, 1860; S. Forney, 
1872).-0n the top of a steep peak of a ridge making down to Canada Corral, the 
highest and boldest peak in the vicinity. (Note 37, p. 618.) 

Sout!t Point (Santa Rosa Island, California, W. E. Greenwell, l 860; S. Forney, 
1872).-0n a high and conspicuous ridge which forms the south point of the island. 
(Note 37, p. 618, except distance from the center was not given.) 

Fox (Santa Rosa Island, California, S. Forney, 1872).-0n a long narrow point, 
the fourth spur west of the Canada Corral. The station was marked by a redwood 
stub 2 by 3 inches. Four similar stubs, each with a copper tack in the top, were 
placed to the north, south, east, and west, 4 feet from the center. 

Sand (Santa Rosa Island, California, S. Forney, 1871).-0n the top of the high 
sand hill at the extreme west point of the island. The station was marked by four red
wood stubs, each 2 by 3 inches, a copper tack in the top of each, placed to the north, 
east, south, and WP.St, equidistant from the center. 

Blunt (Santa Rosa Island, California, S. Forney, 1871).-0n a smooth oval-shaped 
hill on the south face of the island, about a quarter of a mile from the beach and a mile 



APPENDIX NO. 9. TRIANGULATION IN CALIFORNIA. 

and a half from the west point of the island. The southwest face of the hill on which 
the station is located is covered with small limestones; to the northwest of the hill is a 
gulch running about east and west down to the ocean. The station was marked by 
a 2 by 3 inch redwood stub and secured by four similar stubs, each with a copper tack 
in its top, placed to the north, east, south, and west, in a line with and equidistant from 
the center. 

Point (Santa Rosa Island, California, S. Forney, 1872).-0n the top of the most 
prominent point at the northwest end of the island, a short distance from Sand 8. 

(Note 38, p. 618.) 
West Point (Santa Rosa Island, California, W. E. Greenwell, 1860).-Reported 

lost in 1872. 
SAN MIGUEL ISLAND. 

San Miguel 2 (San Miguel Island, California, S. Forney, 1871).-0n the highest 
part of the island. The station was marked by a redwood post, 4 feet 6 inches long, 
6 inches square, sunk into the ground. The reference marks were four small copper 
bolts driven into the corners of the top frame of the frustrum of a pyramid on which 
the braces of the signal rested. These bolts are equidistant from the center and the 
diagonal lines connectillg them intersect at the center. 

Harbor 2 (San Miguel Island, California, S. Forney, 1871).-0n the east side of 
the most pr0111inent point at the north end of the island; also the highest part of this 
end of the inland, about northwest from the anchorage in Cuylers Harbor; near the 
edge of the bluff which drops off perpendicularly to within 40 or 50 meters of the 
water's edge. (Note 38, p. 618.) 

Gull Island (near San Miguel Island, California, S. Forney, 1871).-0n the top 
of the island (Prince Island) at the entrance to Cuylers Harbor. (Note 38, p. 618.) 

Green llfountain (San Miguel Island, California, W. E. Greenwell, 1858; S. Forney, 
1871).-0n a ridge running apparently north and south (as seen from Harbor 8 or 
San Miguel 8), and presenting a green appearance, differing in this respect from any 
other on the island; not connected with any other ridge, but standing alone; about 200 

meters to the northward of the highest part. (Note 38, p. 618.) 
Seal Point (San Miguel Island, California, S. Forney, 1871).-0n the 

knob of the extreme northwest point of the island, covered with large rocks. 
38, p. 618.) 

highest 
(Note 

Brockway 2 (San Miguel Island, California, S. Forney, 1871 ).-On a prominent 
sand hill covered with shells; the north end of a small island (Prince Island) off the 
main island at this point bears west by north one-half north. (Note 38, p. 618.) 

Black Point (San Miguel Island, California, W. E. Greenwell, 1858; S. Forney, 
1871).-011 a dark, undefined point near the bluff at a point where the ground was 
covered with dark brush, and to the west of a large gulch that makes up in the direc
tion of Green Mountain. (Note 38, p. 618.) 

Cape (San Mig__uel Island, California, W. E. Greenwell, 1858; S. Forney, 1871 ).
On a conspicuous rncky. peak, the first point east of the anchorage. (Nate 2 r, p. 6 l 7.) 

San Miguel (San Miguel Islam\, California, W. E. Greenwell, 1858).-About the 
middle of the top of the highest mounta,i,n on the island. (Note 21, p. 617.) 

Harbor (San Miguellsland, California, W. E. Greenwell, r858; S. Forney, 1871).-
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On the top of the highest peak in view from Cuylers Harbor; covered with black sage
bushes and cactus. (Note 2 l, p. 6 l 7.) 

Cactus (San Miguel Island, California, W. E. Greenwell, 1858; S. Forney, 1871).-
0n the south side of the island, near the bluff, upon a smooth piece of ground without 
brush or undergrowth of any kind, and near the foot of the hill as it slopes from San 
Miguel 8, a short distance from a small patch of cactus to the eastward. (Note 38, 
p. 618.) 

San M£guel Island South Base (San Miguel Island, California, W. E. Greenwell, 
1858; S. Forney, 1871).-0n a slight plateau sloping down to the eastward. On the 
west the ground rises to San Miguel 8. The reference marks were as in note 2 l, p. 61 7. 
The station was marked by a red sandstone monument with the letters "U.S. C. S." 
on the top. 

San Miguel Island Nortlt Base (San Miguel Island, California, W. E. Greenwell, 
l 858; S. Forney, 1871). -On the same plateau as San Miguel Island South Base and 
marked in an identical manner. 

West Point (San Miguel Island, California, S. Forney, 1871).-0n the highest 
hill in the southwest part of the island. (Note 2 l, p. 617.) 

Bendt Mark (Near San Miguel Island, California, S. Forney, 1871).-0n the 
southeast face of the island on which Gull Island 8 is located. The station was marked 
by a small hole drilled into the rock. 

Brockway (San Miguel Island, California, W. E. Greenwell, 1858; S. Forney, 
l 87 l). -On north shore of the west point of the island near the bluff., but not on the 
extreme point. From Green Mountain 8 it is in line with a strip of white sand. 
(1858.) (Note 21, p. 617.) 

New San Miguel Latitude Station (San Miguel Island, California, 0. H. Tittmann, 
1873).-Near New San Miguel 8 (p. 631). 

POINT ARGUELLO TO POINT SAL. 

Gravel (Santa Barbara County, Cal., W. E. Greenwell, 1874).-0n the bluff bank 
of the sea, which at this place is 80 feet high and very steep, 8 meters from the edge; 
on the shore, between high and low water marks. The mesa at this place is wider than 
at any place on the shore for several miles each way. (Note 27, p. 617.) . 

Spur (Santa Barbara County, Cal., \V . .E. Greenwell, 1874).-0n a spur of the 
foothills, the third spur going west from the sheep camp near Corral 8, about rno feet 
below the summit. Between the station and the summit there is quite a deep canyon 
heading at the foot of a crescent-shaped ridge which connects the spur and the summit. 
(Note 16, page 616.) 

Po'int Arguello (Santa Barbara County, Cal., W. E. Greenwell, 1874).-0n Point 
Arguello, on a rise of ground about 60 meters in length, about 20 feet above the gen
eral level of the mesa, on the western and larger end, 145 meters from the southerly 
bluff point. (Note 27, p. 617.) 

Rustad (Santa Barbara County, Cal., W. E. Greenwell, 1874).-0n the foothill 
that projects farthest to the westward, the natural turning point in carrying the trian
gulation around the point, and back from the trail about a quarter of a mile. Close by 
the signal (to the southwest), distant 30 or 40 meters,. there is a low scrub oak tree 4 
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or 5 feet high, covering perhaps 20 feet of ground, the only bush or tree on the hills in 
this vicinity. The station was marked by a copper tack in a stake. 

Sage (Santa Barbara County, Cal., W. E. Greenwell, 1874).-0n a long low foot
hill, which stretches out nearly to the bluff bank of the sea. (Note 16, p. 616.) 

Pedrenales (Santa Barbara County, Cal., W. E. Greenwell, 1874).-0n the long 
rolling hill at the foot of hill on which Rustad 8 is located, the principal rise of land in 
going up the coast by the trail. (Note 27, p. 617.) 

Alvord (Santa Barbara County, Cal., W. E. Greenwell, 1874).-0n the high hill 
on the left bank of the canyon referred to in the description of Promontory 8; 30 
meters east of where the greatest rise on the west face terminates. and 100 meters from 
a rocky ledge inland, which forms a downward step in going toward Tranquillon. 
(Note 27, p. 617.) 

Promontory (Santa Barbara County, Cal., W. E. Greenwell, 1874).-0n the last 
or most northerly and westerly of the several rocky points which form the shore for a 
distance of 3 miles toward Point Arguello. For a distance of 400 meters to the west 
there is a low mesa, then a deep canyon in which there is a small piece of marsh land 
and some tules. On the west side of this canyon the long range of sand hills begins 
and continues on to the Santa Inez River. On this point there are two peaked and 
abrupt rises from the mesa, about 150 meters apart (from top to top). The station is 
on 'the outer one, which is of almost solid rock, and is 6 feet west of a rugged rock 
about 6 feet in height. The station was marked by a stake 2 feet in length with copper 
tack in top. 

Lompoc (Santa Barbara County, Cal., W. E. Greenwell, 1874, 1878).-About 1 

mile inland; on the slope north of Arroyo Honda which is connected, about 2 miles 
farther back, with the slope on which Powell 8 is situated by a lower ridge, whence a 
deep gulch makes out running toward the shore between these two stations; 100 meters 
below the highest point at a point where the slope makes a short turn to the northward: 
From the station a bushy top on a spur of the same slope and Promontory Point are in 
line; and through the gap just to the right of the brushy top the first bare sand hill 
north of Promontory Point is fully visible. Three detached rocks to the northward of 
Promontory Point and a part of the adjoining 1nainland are in line with the spur south 
of Arroyo Honda; the extreme outer point of Point Purissima is in line with the first 
peak of Point Sal; and the reef at Purissima Point is in line with the outer point of 
Point Sal. (Note 27, p. 617.) 

Sand Hill (Santa Barbara County, Cal., W. E. Greenwell, 1874, 1878).-About a 
mile north of Promontory Point near the mouth of the canyon which divides the slopes 
upon which Lompoc & and Powell 8 are located; on a small brush-covered sand hill 
just back of the barrier caused by drift sand. It is about roo meters east of a bare sand 
hill, about 60 feet lower, and about 200 meters from shore. From the station the 
prominent top of a lower sand hill, also covered with sparse brush, makes a line with 
the outer bluff of Promontory Point and forms almost a horizontal tangent with it. 
The western abrupt face of the detached rock off Promontory Point is in line with a 
lesser top of the same sand hill. A bare sand hill, the top of which is about 70 meters 
to the southward, descends a steep barrier into the canyon; and by looking back from 
the .station through the canyon a gap opens which permits a limited vista to a ridge 
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which extends from the slope upon which Lompoc 8. is situated. The view toward 
Point Sal is obstructed by a higher sand hill about 50 meters from the station. (Note 
27, p. 617.) 

Powell (Santa Barbara County, Cal., W. E. Greenwell, 1874, 1878).-0n the sec
ond slope north of Arroyo Honda, or the first one south of Spring Canyon, gradua,lly 
rising from the house of S. S. Winn, in Spring Canyon. From the station, Point 
Purissima, the outer end of Point Sal, and the bare sand hill which bars the mouth of 
Bear Valley are in line. In looking toward the higher part of the first spur south of • 
Arroyo Honda, makes a tangent with the slope on which Lompoc 8. is situated; the 
bare sand hill which bars the canyon south of Sand Hill 8. is in full view and due 
south; the ba.se of a sand hill, a little to the westward of the one just referred to, is in 
tangent with the height of the station site and a small plateau of the same ridge, upon 
which the station is situated. Fifty meters back from the station the first knoll rises 
to a height of about 50 feet above the station; and 3 such knolls are in sight from that 
pos1t1on. The gap between the first two knolls is due east. The station was marked by 
a 2 by 2 inch redwood stub, projecting 4 inches from the ground, with a tack in the top. 

Bald (Santa Barbara County, Cal., W. E. "Greenwell, 1874, 1878).-0n the south
west and broader part of the top of the highest bare dune south of that at the mouth of 
Bear Valley, opposite and in line with Spring Valley before it makes the short turn to 
the southwestward, barred by loose sand; about 500 yards north of the mouth of the 
canyon, where it is closed up by the dunes, and about 400 meters northeast of the mouth 
of the creek. (Note 27, p. 617.) 

Blank ·(Santa Barbara County, Cal., W. E. Greenwell, 1874, 1878).-0n one of 
the tops of the slope· south of Bear Valley, just opposite to one of the crossings of Bear 
Valley Creek, which is about 400 meters up the canyon from Mr. Walker's house, close 
to some outhouses belonging to him, and to a spring; on the first rise east of the road 

·where it reaches the top of the grade, about half way between it and a second higher 
rise farther back. From the station the slope upon which Powell 8. is situated is 
barely visible, while from the next rise that slope is hidden by an intervening spur. A 
few steps north of the station the creek below is open to view. (Note 27, p. 617.) 

Bear Valley (Santa Barbara County, Cal., W. E. Greenwell, 1874, 1878).-0n the 
highest top of the brushy sand hill at the mouth of Bear Valley, west of the laguna 
formed by the arrested outflow of Bear Valley Creek caused by drift sand, at a distance 
of about 200 meters from shore, about ~ mile down the canyon from the house of 
Mr. Walker. The detached rocks near Promontory Point to the southward form almost 
a tangent with a prominent sand hill to the north, and the sandspit of Purissima Point 
is in line with outer Point Sal. (Note 27, p. 617.) 

Slope (Santa Barbara County, Cal., W. E .. Greenwell, 1874, 1878).-0n the first 
slope southwest of the house of Mr. A. L. Huyck, which stands in a horseshoe-like bend, 
near a fine spring at the edge of the bottom land of Santa Inez River; on top, the next 
one being 300 meters farther eastward a little to the westward of the top. (Note 
27, p. 617.) 

Hammer (Santa Barbara County, Cal., W. E. Greenwell, 1878).-0n the highest 
point of the highest sand hill, about 100 meters back of Mr. Hammer's house and about 
as far from seashore. It is first prominent hill south of the mouth of Santa Inez River 
and about 1 mile from it. A bare dune begins at the foot of the sand hill and extends 
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southward for about 300 meters, interrupted only by a covered patch on the north side 
of a hollow in the dune. Promontory Point is open to view, as also the shore line 
between it and the station, while the base of Point Sal is covered by Point Purissima so 
that the last sharp point of the former is in line with the end of Lompoc wharf. (Note 
28, p. 617, except one reference stub is to the east instead of north.) 

Valle)' View (Santa Barbara County, Cal., W. E. Greenwell, 1878).-0n the rise 
on the right or north' bank of Santa Inez River, about 1 mile from its mouth; ni;:ar the 
edge of the hill where the ridge leaves the course of the river and makes a short turn 
northward parallel with the shore; on the highest part of the rise, a little lower than 
the plateau, which begins about 500 meters eastward. A round, smooth hill up the 
Santa Inez Valley, behind which the town of Lompoc is situated (about 6 miles away), 
makes nearly a tangent with the next higher plateau before referred to. The southern 
end of the bridge across Santa Inez River is in line with Hammer 8, and is about ~ 
mile away. (Note 28, p. 617.) 

Jl1arsli (Santa Barbara County, Cal., \V. E. Greenwell, 1878).-Near the mouth 
and north of Santa Inez River on the highest top of the group of sand hills, which 
descends abruptly, on its south sidt, to a fresh-water marsh caused by casual overflow 
of the river. (Note 28, p. 617.) 

Burned (Santa Barbara County, Cal., W. E. Greenwell, 1878).-Near the declivity 
of the plateau rising a short distance from the shore, between the mouth of Santa Inez 
River and the landing and is nearly opposite Bluff 8, about 50 meters from the edge of 
the declivity. (Note 28, p. 617.) 

Bluff (Santa Barbara County, Cal., W. E. Greenwell, 1878).-0n the bluff about 
halfway between the mouth of Santa Inez River and Lompoc Landing, where it makes 
out farthest and forms a well-defined poi!1t. (Note 28, p. 617.) 

Landing (Santa Barbara County, Cal., W. E. Greenwell, 1878).-0n the top of a 
small sand hill thinly covered with shells and flint chips (the remains of a former Indian 
camp), south of Lompoc wharf, east of the warehouse, and about 50 meters north of a 
small house; 5 meters from the brink of the bluff. (Note 28, p. 617.) 

C!taparral (Santa Barbara County, Cal., W. E. Greenwell, 1878).-Just opposite 
Lompoc Landing, near the steep edge of the plateau which rises here two-thirds mile 
from shore. From Landing 8, Chaparral 8. is cleared to the left, or north, of the ware
house gable within an angle of 10°. (Note 28, p. 617.) 

Rancheria (Santa Barbara County, Cal., W. E. Greenwell, 1878). -On the westerly 
spur of the prominent sand hill three-fourths mile north of Lompoc Landing. To the 
west the lower spurs of the sand ridge terminate in a rocky shore which, at low water, 
extends several hundred yards out to sea, forming a reef not so conspicuous and less in 
extent than the reef at Purissima Point, and to the east is a hollow, parallel with the 
ridge, through which the Point Sal road passes before following the beach. Near the 
blttff and a fresh-water spring, about halfway from the landing, are the shell remains of 
an Indian camp or rancheria. By going as far a§ possible to the northward to clear the 
low sandspit of Purissima Poi11t, and also keeping Landing 8 open to view, the site of 
the station will be reached. From the Lompoc warehouse it is but a few degrees to 
the left of a line with a large rock m~ar Purissima Point. (Note 28, p. 617.) 

Tangent (Santa Barbara County, Cal., W. E. Greenwell, 1878).-0n a smooth, 
overgrown flat top among the sand hills a little over 1 mile due north of Lompoc Land-
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it~g and a little over r mile distant westward of a prominent sand hill, nearly bare. 
(Note 28, p. 617.) 

Brown Hill (Santa Barbara County, Cal., W. E. Greenwell, 1878).-Back of 
Purissima Point and east of the Point Sal road, which, at this point, leads through a 
hollow about 2 miles north of Lompoc Landing; almost east of the top of a smooth 
overgrown sand hill. (Note 28, p. 617.) 

Gulch (Santa Barbara County, Cal., W. E. Greenwell, 1878).-0n the prominent 
sand hill west of a deep gulch or barranca, the second one south of San Antonio Creek. 
(Note 28, p. 617.) 

Dune (Santa Barbara County, Cal.·, W. E. Greenwell, 1878).-0ne mile north of 
Purissima, about 300 meters from shore, on a prominent bare sand hill, not on the high
est point, but on the seaward end of the top. The opposite shore is a sand beach with
out any rocks for a distance of about 5 miles to the northward, the last ledge being 
several hundred meters to the south of the station. . (Note 28, p. 617.) 

Beach (Santa Barbara County, Cal., W. E. Greenwell, i878).-0ne and one-fourth 
miles south of the mouth of San Antonio Creek, on a bare prominent sand hillock near 
the beach. (Note 28, p. 617.) 

Prominent (Santa Barbara County, Cal., W. E. Greenwell, 1878).-0n the most 
prominent sand ridge south of San Antonio Creek, about 1 mile from it; upon a small 
top nearly in the middle of the ridge west of its highest elevation; near the inland end 
of the top. (Note 28, p. 617.) 

Outer (Santa Barbara County, Cal., W. E:Greenwell, 1878).-About 2 milesfrom 
shore and about 2 miles from the mouth of San Antonio Creek, upon the top of the 
highest ridge southeast of Pond 8 and Middle 8, and forming almost a line with them. 
From the locality a fair view is obtained to the northward over a labyrinth of sand hills, 
which is much obstructed from all other points in the neighborhood. (Note 28, 617.) 

Corral (Santa Barbara County, Cal., W. E. Greenwell, 1874).-Three-fourths of 
a mile east of Point Arguello, on the bluff bank where the shore comes to a bight about 
40 meters from the trail ; about a quarter of a mile west of a large canyon upon the 
right or west side of which, and about 350 meters from the shore, there is a small sheep 
herder's hut, also a corral embracing about r acre. The station is not in sight from 
the sheep camp, a small rise of ground cutting off the view. (Note 27, p. 6 l 7.) 

Camp (Santa Barbara County, Cal., W. E. Greenwell, 1878).-About r mile from 
shore, to the left or south of the camp or beach road and about 100 meters from 
it; upon a smooth rise close to and south of San Antonio Creek, and about 300 meters 
north of a similar low knoll, a little higher than the one upon which the station is 
located. About 300 meters from the station the road makes a steep descent to the 
bottom of San Antonio Creek. (Note 28, p. 617.) 

Hollow (Santa Barbara County, Cal., W. E. Greenwell, 1878).-About three
fourths mile south of San Antonio Creek and near the shore; . upon an overgrown 
irregular ridge, the western side of which is inclosed by bare sand hills, while toward 
the east it declines to a sinking fl.at or hollow about one-fourth mile square; on the 
southern end of the top. (Note 28, p. 617.) 

Middle (Santa Barbara County, Cal., W. E. Greenwell, 1878).-Almost the middle 
and the top of a sand ridge, about l }( miles from shore and l }( miles north of San 
Antonio Creek, nearly in line with Pond 8 and Outer &.. (Note 28, p. 617.) 
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Pond (Santa Barbara County, Cal., W. E. Greenwell, 1878).-Upon the highest 
point of the most prominent of the shore sand hills north of San Antonio Creek and 
about l ~ miles from it and not more than 200 meters from the beach. Toward the 
shore the sand hill descends in bare spurs, while back (east) of the station it declines 
abruptly to a grassy bottom and a small pond, only about 7 5 meters northeast of it. 
To the south is a bare dune and close to the north of it is another similar but Jess 
prominent sand hill.. (Note 28, p. 617,) 

Punssima Point (Santa Barbara County, Cal., W. E. Greenwell, 1878).-0n the 
highest of the several small hillocks near the extreme point of the sandspit from which 
extends the conspicuous reef of Purissima Point; 15 meters from the nearest point of 
the bluff, 60 meters from the bluff, measured along the ridge of the hill toward the 
west, and 45 meters from low-water mark.' (Note 28, p. 617.) 

POINT SAL TO SADDLE PEAK. 

Green Peal~ (San Luis Obispo County, Cal., L. A. Sengteller, 1872).-0n the 
highest part of a hill about 2 ~ miles to the westward of Pecho House, on land owned 
by Mrs. Hilliard. To reach the station follow the first slope covered with chaparral 
after crossing a large canyon to the westward of Caballo. Below the station, and to the 
eastward of it, is a prominent rocky point. Passing this, the first top of the mountain 
is seen, and about one-fourth mile westward of it is the top upon which station was 
located. (Note 33, p. 618.) 

Bare Hill (San Luis Obispo County, Cal., L.A. Sengteller, 1872).-About 2 miles 
back from the coast, on top of a broad and lone peak, which is nearer to the coast than 
any other of the prominent peaks of the vicinity, and differs in appearance, rising regu
larly and gradually, with grass-covered surface, while all others rise abruptly, very 
rough and broken. The station was marked by a block of redwoQd 15 inches long and 
3 by 4 inches laid flat 3 feet below surface, with a hole drilled in its upper face marking 
the center. of the station. 

San Luis Hill (San Luis Obispo County, Cal., L.A. Sengteller, 1871).-0n the 
northwest extremity of the highest part of the hill immediately back of Point San Luis, 
at a point from whi~h a large white rock up the coast is visible. (Note 22, p. 617.) 

Valle)' View (San Luis Obispo County, Cal., L. A. Sengteller, 1871). -About one
fourth mile north of Mallagh Landing, on the top of the ridge which, commencing just 
north of the San Luis Obispo West Base, runs parallel with the coast to Sau Luis 
Creek, when it makes a sharp tum and follows that creek; on the highest point of 
the ridge and near its eastern extremity. (Note 22, p. 617.) 

Indian (Sau Luis Obispo County, Cal., L.A. Sengteller, 1872).-0u the eastern 
end of a ridge which appears from Valley View 8 or Price 8 as a table, or flat ridge, but 
which is very rough and broken. It may best be reached by way of a little valley to 
the left of the road up the canyon from Price's ranch. The station was marked by a 
hole drilled in the natural rock, 2 Yz feet below the surface; in this a dime was solidly 
fixed, the center of which is the center of the station. 

Pn"ce (San Luis Obispo County, Cal., L. A. Sengteller, 1872).-0n the top of 
highest hill northwest of South Point; on land owned by John Price. (Note 33, p. 618, 
except the distance of the stone below the surface was not stated.) 
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Wlzite Rock (San Luis Obispo County, Cal., L.A. Sengteller, 1871).-Near the 
highest part of a rock locally known as White Rock. The station was marked by a 
drill hole in the rock, filled with lead, in which was a copper tack one-fourth of an inch 
below the surface. 

Mallaglz (San Luis Obispo County, Cal., L. A. Sengteller, 1871 ).-On the rocky 
peak on the top of the ridgt: rising from near San Luis Obispo \Vest Base; on land 
owned by D. P. Mallagh. The soil is composed of soft white rock. (Note 22, p. 617.) 

San Luis Obispo East Base (San Luis Obispo County, Cal., L. A. Sengteller, 
1871).-In a field owned by D. P. Mallagh, just south of where two small breaks or 
gulches come together and disappear. (Note 2 2, p. 617.) 

San Luis Obispo West Base (San Luis Obispo County, Cal., L. A. Sengteller, 
1871).-\Vest of D. P. Mallagh's field in which San Luis Obispo East Base 8 is located. 
(Note 22, p. 617.) Also four stubs were placed each 6 feet from the center . 

.ll:feierhoff (San Luis Obispo County, Cal., L. A. Sengteller, 1873).-0n the south
ernmost and highest top of a series of hills about 2 miles northeast of the Pismo ranch 
house, near the head of the left branch of the first little valley on the right going up 
the Arroyo Pismo from Price's house; the only eminence that commands both the beach 
at Arroyo Grande and the hill upon which Price 8 is located. (Note 22, p. 617.) 

Arroyo Grande (San Luis Obispo County, Cal., L.A. Sengteller, 1873).-About 
one-third of a mile west of the mouth of the Arroyo Grande, upon one of the sand hills 
forming the eastern extremity of the higher dunes on that side of the creek. (Note 22, 
p. 617.) 

Nipomo (San Luis Obispo County, Cal., L. A. Sengteller, 1873).-0n the north
western extremity and highest part of a ridge lying to the southward of Arroyo Grande 
and about a mile and a quarter east of Cienega ranch house. From the station the 
town of Arroyo Grande may be seen, and by going 5 meters to the westward the 
Cienega ranch house may also be seen. The hill about the station is covered with thick 
chaparral, while a little east of the station stand several live-oak trees. The soil is 
dark sand, strongly intermixed to a depth of about 3 feet with shells and bone remains, 
the marks of an old Indian rancheria; the land was owned by Steele Brothers. (Note 
22, p. 617, except no surface mark was described.) 

Avila (San Luis Obispo County, Cal., L.A. Sengteller, 1871; G. Davidson, 1874).
About a quarter mile distant from Mallagh Landing, on the northeastern end of the top 
of the highest hill west of the road running to Peoples Wharf. Four stubs were placed 
each 6 feet from center and about 1 foot above surface of ground. The station was 
occupied for latitude and azimuth in 1874. (Note 22, p. 617.) 

Cienega Sand (San Luis Obispo County, Cal., L.A. Sengteller, 1874).-About 3 
miles south of the mouth of the Arroyo Grande, 600 meters from the beach, on the 
highest sand hill formed by drift sand among the irregular bare dunes, about 5 meters 
south from where the hill falls abruptly; on land owned by Steele Brothers. (Note 
25, p. 617.) The soil is loose, drifting sand, making the recovery of the station doubtful. 
A tangent to Point Sal makes an angle of 115° with a tangent to Point San Luis. 

Burnt Sand (San Luis Obispo County, Cal., L. A. Sengteller, 1874).-0n the top 
of the ea<>tern ridge of the first canyon south of Los Berros Creek, about 2 miles from 
where the county road crosses the creek; on land owned by the Dana Brothers, in the 
Nipomo grant; nearly at the head of the valley, on the left of a branch road, not well 
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defined, that leads up the left-hand bank of the canyon in a northerly direction for a 
mile, then almost at a right angle eastwardly to its head. Upon the opposite side of 
the valley and nearly due south from the station a road leads up.the slope. (Note 
25, p. 617.) Two scrub oaks were cut down, and in their upper surfa~ three tacks in 
line to the station were driven; one distant 12 meters, magnetic bearing, 59°, the other 
distant 5 meters, magnetic bearing, 329°. A house in line with the town of Guadalupe 
and about 2 y,; miles distant bears 202° (magnetic), and a pond among the cottonwoods, 
140° (magnetic). 

San Luis Obispo Latitude Station r852 (San Luis Obispo County, Cal., L. A. 
Sengteller, 1871).-Near the edge of the bluff at the first valley or break west of Fos
sil Point and about a half mile from the San Luis Creek. No trace of the marks of 1852 
could be found, but from the contracted space which the vicinity admits for locating a 
station it is not likely .that the r 87 r station can differ in position from that of 1852 
to exceed ro meters; and, indeed, it is very probable that not more than one-half that 
discrepancy exists. (Note 22, p. 6 r 7.) 

Substitute (Santa Barbara County, Cal., W. E. Greenwell, 1878).-Upon the 
prominent ridge l X miles from shore and about 300 meters west of Lospe &. ( p. 629), 
which is south of a dairy (formerly Lardner's house) and plainly visible from it, being 
distinctly marked by a monument of rocks. (Note 23, p. 617.) 

Cove (San Luis Obispo County, Cal., L.A. Sengteller, 1872).-0n a tongue-shaped 
point with outlying large rocks forming the eastern end of a cove lying between it and 
the point under Lyon Rock; upon a knob near the point of the bluff, halfway out to 
the extreme point. (No. 33, p. 618.) 

Santa Maria (San Luis Obispo County, Cal., L. A. Sengteller, 1874).-Between 
the two knobs on the highest point of the bushy sand ridge, on the north. bank of Santa 
Maria River, and about. three-fourths of a mile from its outlet, on land belonging to the 
Guadalupe grant. '!'he hill is covered with wild coffee and chaparral. (Note 25, 
p. 617.) 

Norn'ss (Santa Barbara County, Cal., L.A. Sengteller, 1874).-0n the right edge 
of the road leading toward the mouth of the Santa Maria, about 700 meters from the 
road crossing of the road to Point Sal Landing, and 300 meters from Copland's house; 
on land owned by J. A. N orriss. (Note 25, p. 617.) 

Whaler Point (San Luis Obispo County, Cal., L.A. Sengteller, 1871).-At Point 
San Luis, near the edge of the bluff to the north of the whaling company's houses. 
(N~te 22, p. 617.) 

Valdez (San Luis Obispo County, Cal., L. A. Sengteller, 1873).-Upon the sand 
ridge on the county road from the Arroyo Pismo to the town of Arroyo Grande, on a 
round top about one-fourth mile east of Price's dairy; not on the top of the hill, but 
about 60 feet lower, on a point overlooking the little valley on the west side of the ridge. 
(Note 22, p. 617, except no surface mark was described.) 

South Point (San Luis Obispo County, Cal., L.A. Sengteller, 1872).-0n the point 
forming the eastern end of San Luis Bay, about 75 meters east of the extreme point, 
and 3 meters from the edge of the bluff; on land owned by• John Price. '!'he station 
was marked by a sandstone with a hole drilled in the upper face. 

Camp Hill (San Luis Obispo Cotmty, Cal., L.A. Sengteller, i873).-011 the highest 
part of a small and isolated round-top hill rising from the intersection of the county 
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beach road and San Luis Obispo road and about 200 meters west of the Pismo Creek. 
(Note 33, p. 618.) 

Caballo (San Luis Obispo County, Cal., L. A. Sengteller, 1872).-Between the 
first and second d-eep canyons west of the Pecho house, nearer the latter; on the top of 
the slope on the west side of a dry gulch which is Close by the eastern one of two large 
rocks near the edge of bluffs. (Note 33, p. 618.) 

West Point (San Luis Obispo County, Cal., L.A. Sengteller, 1872).-About three
fourths of a mile from Green Peak 8 upon the same ridge, on the second top to the 
westward, a smaller and lower one being between the two stations; on land owned by 
Mrs. Hilliard. (Note 33, p. 618.) 

Dunc (San Luis Obispo County, Cal., L. A. Sengteller, 1874).-About l ooo 
meters from the immediate coast, on the highest top of the brushy sand hills; about 40 
meters from the road leading along the shore from Guadalupe to San Luis Obispo Land
ing and 200 meters west of the meadow where the road enters the dunes; ro meters 
west of where the hill descends rapidly to a low ridge stretching toward the meadow; on 
land belonging to the Guadalupe grant. (Note 25, p. 617.) Distances and compass 
bearings to various points are as follows: to the road where the meadow begins, about 
200 meters, 292 ° 30'; to the trees in the hollow, about 200 meters, 297 ° 30'; to a bend 
of the· creek, about 200 meters, 232° 30'; to the second bend of the creek, about 350 
meters, 170° oo'. 

Steele (San Luis Obispo County, Cal., L. A. Sengteller, 1874).-Upon the highest 
round-top chaparral sand hill, about three-fourths of a mile east of the county road, at 
a point where the road crosses a divide and falls rapidly in going to Guadalupe while 
more gradually toward Arroyo Grande, near the extreme northeast point of the hill, 
upon the boundary line of the Steele and Dana properties. (Note 25, p. 617.) 

Guadalupe (San Luis Obispo County, Cal., L.A. Sengteller, 1874).-About 2 miles 
northwest from Guadalupe, on the highest point of a flat sand hill upon the extreme 
inland dune, 50 meters from the edge of the steep descent into the grassy bottom and 
about 100 meters from the creek emptying into the Santa Maria River; the only point 
in locality from which Oso Flaco 8 may be seen; on land belonging to the Guadalupe 
grant. (Note 25, p. 617.) The soil is loose drifting sand, and the recovery of the 
s\ation is therefore doubtful. Distances and compass bearings to various points are as 
follows: to a bush, 175 meters, 42° 3o' west of north; to the end of a brushy sand ridge 
(the edge of timber), 330 meters, 255° oo' west of north; to the nearest edge of the 
sand bluff, 50 meters; to a sharp bushy corner, 78°, and to a small bush on the edge 
of the bluff, 29° 3o' west of north. 

Oso .Raco-(San Luis Obispo County, Cal., L. A, Sengteller, 1874).-About 2 miles 
northerly from the Santa Maria River and l mile southerly from the Arroyo Oso Flaco, 
350 meters from the shore, on the top of an isolated sand hill, the most prominent 
in the vicinity, on land belonging to the Guadalupe grant. (Note 25, p. 617.) 

Smith Sand (Santa Barbara County, Cal., L. A. Sengteller, 1874).-About 2~ 
miles from the Santa Maria River and 2 miles to the north of the main point of Point 
Sal, on top of highest sand dune between them. (Note 2 S, p. 6 l 7. ) The soil is loose 
drift sand, and the recovery of the station is doubtful. 

Rock (Santa Barbara County, Cal., W. E. Greenwell, 1867; L. A. Sengteller, 
1874; W. E. Greenwell, 1878).-0n the highest point west of Corralitos Valley, r 3-( 
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miles east of Point Sal Landing, in line with the trend of the point and 3 miles back 
of it, within 30 meters of the branch road over Point Sal and just above or north of a 
cut. The station was marked by a copper tack in the top of a redwood stub, and by 
two similar stubs to the north and west and 3 feet from center. 

Peal~ (Santa Barbara County, Cal., W. E. Greenwell, 1867; L. A. Sengteller, 
1874; W. E. Greenwell, 1878).-0n the top of the ridge forming the conspicuous part 
of Point Sal, near its hig)l.est peak, almost due north of the landing and in line with the 
shore in that neighborhood. The station was marked by a redwood stub with a copper 
tack in the top, and by two similar stubs placed north and west 3 feet from the center. 

Green Ridge (Santa Barbara County, Cal., L. A. Sengteller, 1874).-0n the 
northernmost top of a green spur rising with the easterly side of Corralitos Valley at a 
sharp turn in the graded road that leads through the canyon to Point Sal Landing, 
about 500 meters below the point where the road crosses the creek, on land belonging 
to the Guadalupe grant. (Note 25, p. 617.), 

Point (Santa Barbara County, Cal., W. E. Greenwell, 1867; L.A. Sengteller, 
1874; W. E. Greenwell, 1878).-0n a lower but better defined top than Peak & and 
halfway between it or the bight (which is opposite the station) in which the landing 
is situated and the outer point of Point Sal. (Note 13, p. 616, except the length of the 
stubs was not given.) 

Reef 1 (Santa Barbara County, Cal., W. E. Greenwell, 1878).-About a mile and a· 
quarter south of Point Sal Landing, at the point from which a reef makes out, 5 meters 
from the brink of the bluff, a little west of south of the schoolhouse and a little south 
of west of Clark's house. (Note 23, p. 617.) 

Edge (Santa Barbara County, Cal., W. E. Greenwell, 1878).-About 3 miles from 
shore on the top of the highest sandy rise at the northern edge or limit of the dunes 
which terminate here, on the southern side of the prominent Shumans Canyon. Close 
to and northward of the station the ground becomes hard and the vegetation is of a dif
ferent character, while south of it grassy flats, overgrown sand hills, and a little farther 
on bare dunes interchange. The station is best approached from the northern side over 
the plateau lying between it and Shumans Canyon. (Note 23, p. 617.) 

San Antonio (Santa Barbara County, Cal., W. E. Greenwell, 1878).-0n a very 
conspicuous sand hill on the north bank of San Antonio r'reek and near its mouth, just 
opposite the wreck of the U. S. S. Editlz, on the northwestern of the two small tops. 
(Note 23, p. 617.) 

SADDLE PEAK TO PIEDRAS BLANCAS. 

Piedra Blanca (San Luis Obispo County, Cal., C. Rockwell, 1873).-0n the Piedras 
Blancas Light-house reservation, upon the highest ground forming the eastern point, 
about 35 i\ieters northeast of the large red rock on which the tower of the light-house 
stands. (Note 9, p. 616.) 

Stone (San Luis Obispo County, Cal., S. Forney, 1883).-0n the higher or eastern 
one of two conical peaks, about 3 miles in a northerly direction from the town of 
Cayucos. About 15 meters from the station, on the west side of the hill, was a stone 
fence running across the top of the hill from the northwest to the southeast side. The 
station was marked by a copper tack in a lead bolt driven into a hole l inch in diameter 
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drilled into the solid rock. The reference marks were copper tacks in lead bolts 
driven into three holes drilled into the solid rock, ro inches below the surface of the 
ground; to the north, 2 feet 5 inches; to the south, 2 feet l inch; to the east, 2 feet 6 
inches. Over each a redwood stub 4 by 4 inches was placed, with a copper tack in 
the top. 

Lane (San Luis Obispo County, Cal., S. Forney, 1883).-Take the road leading 
up Little Cayucos Creek to Buffington's ranch; here take the only road which leads to 
the left to the first dairy ranch; then take a road leading up to the right, passing up a 
spur to the top of the high ridge ,to the eastward of the dairy ranch; follow this road 
to the top of the ridge. The station will be found to the right, on the top of the first 
rock ridge, about one-fourth mile from the main road. On the north face of the hill 
is a rocky bluff. (Note 31, p. 618.) The reference stubs were placed as follows: to 
the north, 2 feet 6 inches; to the east, 2 feet 4 inches, and to the west, 2 feet 4 inches. 

Villa (San Luis Obispo County, Cal., S. Forney, 1883).-0n the highest point 
to the westward of Villa Creek, about 2 miles from the mouth of the creek, on a 
hill, about 300 meters from the beach, and about the same distance north of a line 
fence that runs over the hill, approximately east and west; on land of Mr. Logan. 
(Note 31, p. 618.) The reference stubs were placed as follows: to the north, 2 feet 6 
inches; to the south, 2 feet 4 inches, and to the east, 2 feet 5 inches. 

Irving (San Luis Obispo County, Cal., S. Forney, 1883).-'-To reach the station 
leave the Cayucos and Cambria road at a point about 3 miles below Cambria, and take 
the road leading eastward up the Santa Rosa Creek Valley until it turns to the south, 
at the place of Mr. Hearst; then to the eastward, through a narrow canyon for about 
l mile, to a point about 200 meters beyond a dairy ranch belonging to Mr. Bryan and 
then turn to the left.' The station is on the third peak, the second peak being covered 
with oak trees. The station was marked by a stone bottle buried 3 feet beneath the 
surface. of the ground, neck up. Four witness stubs, each 2 by 4 inches, and 18 inches 
l\:mg, were placed at a distance of 2 feet 53-( inches from the center of station, to the 
north, south, east, and west. 

Estrada (San Luis Obispo County, Cal., S. Forney, 1883).-A little to the east of 
the highest point of the second ridge to the southward from Cambria, .on the ranch of 
Mr. Estrada and about three-fourths of a mile to the south of his house. The station 
was marked by a stone bottle buried 3 feet beneath the surface of the ground, neck up. 
At a distance of 2 feet 53-( inches each, and approximately north, south, east, and 
west, were driven four redwood plugs, 15 inches long and 2 by 4 inches in cross sec
tion, each with a copper tack in the top. 

Gordon (San Luis Obispo County, Cal., S. Forney, 1885).-0n a bare-top hill 
about l ~ miles northwest of the rnouth of San Simeon Creek, on the land belonging 
to J. Van Gordon, whose house is three-fourths of a mile southwest. About 250 
meters in a southeast direction from the station and directly across the canyon is a 
large rock and two oak trees. (Note 7, p. 6 l 6, except the bottles around the center are 
3 inches from it.) The three oak theodolite stubs were left standing. The true 
azimuths of various points are: Cambria Rocks, 62° 50'; Leffingwell Point, 69° ro'; 
mouth of San Simeon Creek, 80° oo'; J. Van Gordon's house, loo0 20'; mouth of Pico 
Creek, 122° 20'; Piedras Blancas Light-house, 148° 40'; Pine Mountain (highest tree), 
2260 45'. 
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r"'ield (San Luis Obispo County, Cal., S. Forney, 1885).-0n a grassy knoll in a 
field belonging to Ira Van Gordon, about a half mile northeast of the mouth of San 
Simeon Creek, 400 meters from the shore line, and about 75 meters south of the main 
road leading from Cambria to San Simeon Bay. (Note 7, p. 616.) 
' · Gillespie (San Luis Obispo County, Cal., S. Forney, 1885).-0n the first point 

west of Pico Creek, 25 feet from the sea bluff and 150 meters south of the road leading 
from Cambria to San Simeon Bay; on" land belonging to George Hearst. (Note 7, 
p. 616, except the underground mark was buried 2 feet deep and the surrounding bot
tles 18 inches.) 

Fork (San Luis Obispo County, Cal., S. Forney, 1885).-0n a hill forming the 
ridge that runs toward Rocky Butte, between the east and west forks of Pico Creek, 011 
land belonging to George Hearst, about 600 meters up the hill from the forks of Pico 
Creek. Piedras Blancas Light-house is almost in range with Conway's hotel at San 
Simeon Bay. (Note 7, p. 616, except the center mark was 2 feet underground.) The 
three theodolite stubs were left standing. 

San Simeon (San Luis Obispo County, Cal., C. Rockwell, 1871; S. Forney, 1885).-
0n the top of the first hill northwest of San Simeon Bay landing, on the land belong-
1ng to George Hearst. (Note 7, p. 616.) The station was occupied for azimuth obser
vations in 1874 by George Davidson. 

Bare Ridge (San Luis Obispo County, Cal., S. Forney, 1885). -On the first ridge 
west of Little Pico Creek, about a mile and a half east of San Simeon Landing and 
about l mile. from the mouth of Pico Creek; on land belonging to George Hearst. 
(Note 7, p. 616, except the center mark is 2 feet underground.) The three theodolite 
stubs were left standing. 

Pico 2 (San Luis Obispo County, Cal., S. Forney, 1885).-About 500 meters west 
of the west bank of the Pico Creek and 30 meters west of Pico A; in a cultivated field 
on the sea bluff belonging to George Hearst; about 300 meters south of the road nuining 
from San Simeon Bay toward Cambria. (Note 7, p. 616, except the center mark is 2 feet 
underground, the surrounding bottles 18 inches, and a fourth redwood stub similar to 
the others was placed to the west.) 

Hearst (San Luis Obispo County, Cal., C. Rockwell, 1871; S. Forney, 1885).-0n 
the top of a hill about 2 miles northeast from San Simeon Landing, and to the east of 
the eastern branch of the first wooded gulch east of San Simeon Point; on land belong
ing to George Hearst. (Note 7, p. 616.) 'fhe oak theodolite stubs were left in 1885. 

Corral (San Luis Obispo County, Cal., C. Rockwell, 1871).-0n the first plateau 
northeast of and about 1 76 miles from San Simeon Landing, 260 meters to the east of. 
the first wooded gulch northwest of the landing, and 360 meters west of another gulch. 
(Note 4, p. 615.) 

·San Simeon Nort/1 Base (San Luis Obispo County, Cal., C. Rockwell, 1871; S. 
Forney, 1886).-0n the first plateau northeast of San Simeon Landing, and 1 950 
meters distant, 60 meters from the first gulch east of the landing, and 70 meters 
north of the road which cros.<;es the gulch leading from the point; on land bek>nging to 
George Hearst; about 500 yards north of the race course and close to a fence which 
runs east and west, about 7 5 yards north of the road leading to the ranch house, and 
immediately alongside the road leading to the westward. (Note 7, p. 616, except the 
center mark is 2 feet underground and the reference stubs are to the north, south, and 
west.) 
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Leitner (San Luis Obispo County, Cal., c.· Rockwell, 1871).-Is 3 ooo meters 
northwest of San Simeon Landing, on the top of a bare, grassy hill, around the foot of 
which, on the northwest side, curves the second wooded gulch northwest of San Simeon 
Point. (Note 32, p. 618.) 

San Simeon South Base (San Luis Obispo County, Cal., C. Rockwell, 187 l) -On 
the first plateau northeast of and l 270 meters from San Simeon Landing, about 5 
meters from the road leading from the San Simeon Point to Castro's house. (Note 
32, p. 618.) 

Moro Rock (San Luis Obispo County, Cal., W. B. Greenwell, 1881; S. Forney, 
1883).-0n the highest point at the north end of the large rock at the entrance of Moro 
Bay, known as Moro Rock. The center of the station was marked by a hole 4 by 4 
inches and 4 inches deep in the rock, in the bottom of which was a small hole marking 
the center of the station. The reference marks were holes l inch in diameter drilled 
into the rock into which lead bolts were driven, and in the top of each bolt was 
a copper tack. 

Cass (San Luis Obispo County, Cal., S. Forney, 1883).-0n the first rocky peak 
about one-half mile southeast of the town of Cayucos. The center of station was 
marked by a lead bolt 1 inch in diameter by l inch long, in the solid rock, 1 ~ feet below 
the surface of the ground. The reference marks were two redwood stubs and one lead 
bolt, placed at the following distances: northwest, 2 feet 1 inch; northeast· 1 foot 11 
inches; south, 2 feet 3 inches. 

Hall (San Luis Obispo County, Cal., S. Forney, 1883).-0n the highest peak 
between Willow and Toro peaks, about I Yz miles from the beach. (Note 31, p. 618.) 
The reference stubs were placed as follows: to the northeast, 2 feet 4 inches; to the 
south, l foot 8 inches, and to the northwest, 2 feet 1 inch. 

San Simeon Latitude Station I874 (San Luis Obispo County, Cal., G Davidson, 
1874).-Twenty feet west of San Simeon 8. (p. 715). 

Mack (San Luis Obispo County, Cal., S. Forney, 1883).-0n top of the ridge to· 
the south of a small flat on the south side of Willow Creek, in which is situated a wind
mill and a large water tank. (Note 31, p. 618.) In the neck of the bottle was a peg, 
into which a nail was driven. The reference marks were placed as follows: to the 
south, 2 feet, r inch; to the east, 2 feet 4 inches, and to the west, 2 feet 9 inches. 

Rock (San Luis Obispo County, Cal., S. Forney, 1883).-011 the top of a high, 
rocky hill, directly back of a group of houses to the eastward of the county road beyond 
Toro Point, and about 80 meters south of a wire fence running approximately east and 
west. The station was marked by a stone buried 3 feet below the surface of the 
ground, in which a hole had been drilled and then plugged with a leaden bolt, with a nail 
driven into it, marking the center of the station. The surface mark and the reference 
marks were as described in Note 30, page 618. 

Toro (San Luis Obispo County, Cal., S. Forney, 1883).-0n the top of the ridge 
south of Toro Creek and about l Yz miles from its mouth. To reach the station, take 
the road leading up Toro Creek Canyon to the ranch of Mr. Bertholomew, on the south 
side of the valley; pass through the corral and on to the top of the first main ridge. 
From here the station is in an easterly direction, distant about one-fourth mile, and 100 
meters east of a fence running north and south. The reference marks were three red
wood stubs, each with a tack in its top, placed as follows: to the north, 2 feet l inch 
from the center; to the south, 2 feet s inches, and to the east, 2 feet 4 inches. 



APPENDIX NO. 9. TRIANGULATION IN CAJ,IFORNIA. 

Blad~ Hill (San Luis Obispo County, Cal., W. E. Greenwell, I88I; S. Forney, 
I 883) .-On the first high, isolated peak of a number forming a chain of peaks running 
east from Moro Rock, about I mile south of the road from San Luis Obispo to Moro, 
on the highest part of a ridge about I Yz miles east of Moro. There is·a gradual slope 
from the bay, but on the east and south sides the ridge is very steep. At the foot of the 
hill on the south side a fine stream of water empties through a slough about I mile 
long and an average of 20 meters wide. The center was marked by a stub. The 
reference marks. were copper tacks in lead bolts driven into drill holes in rocks, as 
follows: to the north, 9 feet 5Yz inches from the center of station; to the east, I I feet 
3.Yz inches; to the south, IO feet 9% inches; to the west, 7 feet 7 3-{ inches. 'l'hree 
redwood stubs, each with a copper tack in the top, were driven in as follows: to the 
north, I foot 8 inches; to the east, l foot 8 inches, and to the west, r foot 10 inches 
from the center. 

Chaparral (San Luis Obispo County, Cal., W. E. Greenwell, 1881; S. Forney, 
1883).-0n a spur, the first south of Moro Bay, about 400 meters east of the house o.f 
Mr. Orear, which is about one-fourth of a mile to the left of the road leading to the 
Pecho ranch. (Note 6, p. 6I6.) 

Sand Dune (San Luis Obispo County, Cal., W. E. Greenwell, I881 ).-About 50 
meters from the shore line, on the highest sand dune, about one-half of a mile north 
of Mr. Hazard's house. (Note 6, p. 616.) 

Hazard (San Luis Obispo County, Cal., W. E. Greenwell, 1881).-0n the second 
prominent ridge south of Moro Bay, not on the extreme summit of the slope, but 
about 100 meters to the westward; about 1 Yz miles up the ridge to the east from 
Hazard's house, and 30 meters east of a wire fence running north and south. (Note 6, 
p. 616.) 

Valeizcia (San Luis Obispo County, Cal., W. E. Greenwell, l88r).-About l;/z 
miles from the shore line or mouth of Valencia Creek. To reach the station, follow 
the coast road to Islay Creek, then up the creek about one-fourth of a mile, thence take 
the right-hand trail to the foot of the highest peak visible, distant about 2 miles. The 
trail passes to the left of the station. (Note 6, p. 616.) 

Oats (San Luis Obispo County, Cal., \V. E. Greenwell, 1881).-0n the ridge 
running nearly north and south from Islay Creek and about 2 miles distant from the 
same, ancl about one-half mile to the east of Valencia Creek. · The canyon in which are 
the Pecho Hot Springs skirts around the east slope of the hill. (Note 6, p. 616.) 

Last(SanLuisObispoCounty, Cal., W. E. Greenwell, 1881).-About lYz miles 
along the spur of the ridge from where Valencia Creek crosses the coast road leading 
from Moro Bay. (Note 6, p. 6r6.) 

Scott (San Luis Obispo County, Cal., S. Forney, 1885).-0n the land owned by John 
Scott, about a half mile northwest of his house, near the road leading up Santa Rosa 
Creek from Cambria, on a very prominent, high, rocky, pine-wooded peak, the highest 
peak west of a high pine-covered peak, on which a large rock is conspicuous. (Note 7, 
p. 616, except that the center stone was 2Yz feet underground and no bottles were 
buried.) 

Rosa (San Luis Obispo County, Cal., S. Forney, 1885).-0n the first wooded hill 
east of the mouth of Santa Rosa Creek and distant about three-quarters of a mile from 
it, on the land owned by Lee Johnson. (Note 7, p. 6r6.) The three theodolite stubs 
were left at the station. 
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Pecho (Sau Luis Obispo County, Cal., L. A. Sengteller, 1872; G. H. Wilson, 
1881).-Upon the southern of two round hills about north of Cove 8, on the west side 
of a gulch running from the westward of Cove 8, on land owned by Mrs. Hilliard; 
a stump is almost due south 47 meters distant from the station. (Note 22, p. 617, 
except only a drill hole in the center stone.) 

Beach (San Luis Obispo County, Cal., \VE. Greenwell, 1881; S. Forney, 1883).-
About one-half mile from the south end of Moro Bay, on a sand hill about one-fourth 
of a mile from the beach. (Note 6, p. 6 l 6.) 

Schumacher (San Luis Obispo County, Cal., L. A. Sengteller, 1872; G. H. Wil
son, 1881).-Upon the ridge formed by the divide of the canyon west of Cove 8, on 
the top of the peak next the highest one on the ridge; on land owned by Mrs. Hilliard. 
(Note 22, p. 617.) . 

Castro (San Luis Obispo County, Cal., C. Rockwell, l87I).-On the first promi
nent point on the coast northwest of Castro's hom;e, 30 meters from the shore. (Note 
4, p. 615.) 

Oak Knoll (San Luis Obispo County, Cal., C. Rockwell, l8i2).-Is l 200 meters 
from the coast at an elevation of 408 meters above 'high-water mark, on the top of a 
hill covered with small oak trees, the highest point of the ridge running from Castro's 
house up the coast; about 2 ooo meters beyond Castro's house, and on the coast road 
from San Simeon Landing. The station was marked by a bottle buried 3 feet below 
the surface of the ground and by a surface mark and reference marks as in note 32, 
page 618. 

Blank (San Luis Obispo County, Cal., C. Rockwell, 1871).-About ljlz miles 
northwest of San Simeon Lauding and 1 70 meters ·from the road leading from the 

· landing to Castro's house, on a bare, grassy hill, around the foot of which, on the 
northeast side, curves the first wooded gulch northwest of San Simeon Point. (Note 
4, p. 615.) The reference stubs are to the north, east, and west. 

Pico (San Luis Obispo County, Cal., C. Rockwell, 1871).-0n a bare, grassy 
mound 2 620 meters east of San Simeon Landing, 60 meters from the coast, and 310 
meters from the road leading from the San Simeon Point to Cambria. (Note 32, p. 618.) 

Fairview (San Luis Obispo County, Cal., C. Rockwell, 1872).-0n the highest 
part of the same hill as Chaparral Hill 8 ( p. - ) . The station was marked by a glass 
bottle buried 3 feet d.eep, and by a surface mark and reference marks as in note 32, 
page 6i8. . 

Buryar(San Luis Obispo County, C:al., C. Rockwell, 1872).-0nthefirst promi
nent point l 18 miles southeast of Piedras Blancas Light-house, nearly abreast of a large 
rock, and on culti.vated land claimed in 1872 by Mr. Buryar and owned in 1873 by 
Frank Miomy. The station was marked by a bottle buried 3 feet deep, and by a sur
face mark and reference marks as in note 32, page 618. 

Chaparral Hill (San Luis Obispo County, Cal., C. Rockwell, 1872-73).-Is l 720 
meters from the coast, on a hill covered with small oak trees and chaparral, almost 
directly back of Point Piedras Blancas, 1 Yz miles northeast of the light-house; 220 meters 
from the head of a gulch which passes within 20 meters of Buryar's house (the third 
gulch on the coast road beyond Castro's house); 5 1 o meters from the road on right
hand side, ai1d a little to the east of the top of the hill; on uncultivated ground belong
ing to Peter Gillis. The station was marked by a bottle buried 3 feet beneath the 
surface of the ground, and by a surface mark and reference marks as in note 32, page 618. 
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Point (San Luis Obispo County, Cal., S. Forney, 1883).-About 1 mile to the south
east of Willow Creek, on the most easterly point in view when looking toward Cayucos 
from the mouth of Willow Creek. Off the point there is a large rock bearing about 
south from the station and about I 50 meters distant. The station was marked by a 
stone bottle buried 3 feet below the surface of the ground, neck up. Above this 
was placed a redwood stub 2 by 2 inches, its top even with the surface of the ground. 
The reference marks were lead bolts driven into holes drilled in the solid rock, each 
with a copper tack in the top, the bolts being located as follows: to the north, dis
tant 2 feet 4 inches; to the south, 3 inches; to the east, 10 feet, and to the west, 1 foot 
9~ inches. 

Red Rock (San Luis Obispo County, Cal., S. Forney, 1883).-0n a prominent red 
rock on Cayucos Point, about 100 meters from the beach and one-fourth mile to the 
westward from John Kerr's house. The station was marked by a rectangular hole in 
the rock. The reference marks were lead plugs, with copper tacks in the top, in the 
solid rock, as follows: to the north, I foot 7 Yz inches; to the east, 3 feet 3 inches, and 
to the west, 3 feet ro Yz inches. 

Black Roel.: (San Luis Obispo County, Cal., S. Forney, 1883).-The highest point 
of a rock about 1 mile west of Cayucos wharf and about 100 meters from the beach. 

Ca;mcos (San Luis Obispo County, Cal., S. Forney, 1883).-0n the first ridg-e to 
the westward of. Cayucos, about halfway up and about 100 meters east of a telegraph 
pole. The station was marked by a square hole in a solid rock; in the bottom of this 
hole a round hole was drilled, into which a lead plug was driven, marking the center. 
There were three reference marks, as follows: a lead plug driveu into a drilled hole in 
the solid rock, northeast from the station 6 feet 7 inches; a redwood stub, r 8 inches 
long and 2 by 2 inches, placed even with the surface of the ground, approximately south 
from the station, and a redwood stub approximately west, distant 2 feet 8~ inches. 
Each stub had a copper tack in the top. 

Ca)1ucos Presb;1terian Cliurclz (San Luis Obispo County, Cal., S. Forney, 1883).
A small pole on the top of the steeple of the only church ( 1883) in Cayucos. 

Willow (San Luis Obispo County, Cal., S. Forney, 1883).-0n a knoll on the 
south bank at the mouth of Willow Creek, about 10 meters from the beach and about 
15 meters from the edge of the bluff at the mouth of the creek. The station was 
marked by a stone bottle, buried 3 feet benei;ith the surface of the gro~nd neck up. 
On top of this is placed a redwood stub 2 by 2 inches, even with the surface of the 
ground. Four redwood stubs, 2 by 4 inches, 2 feet long, each with a copper tack in 
its top, were placed, even with the surface of the ground, to the north, south, east, and 
west, each 2 feet 10 inches from the center of the station. 

Whale Rock (San Luis Obispo County, Cal., S. Forney, 1883).-The eastern and 
higher of two peaks of a rock about 300 meters from the shore and about r ooo meters 
to the westward of the mouth of Old Creek. 

Ring (San Luis 'Obispo County, Cal., S. Forney, 1883).-Just below and to the 
west of the top of the first high hill east of Toro Point, about one-fourth mile from 
the beach. (Note 24, p. 617, the c~nter bottle being buried 3 feet deep, and the refer
ence stubs being 4 feet from the center.) 

Merrt"ll (San Luis Obispo County, Cal., S. Forney, 1883).-0u the bluff about 20 
meters north from the mouth of Little Willow Creek, near high-water ·mark. "(Note 
30, p. 618.) 



720 COAST AND GEODETIC SURVEY REPORT, 1904. 

Fisherman (San Luis Obispo County, Cal., W. E. Greenwell, 1881 ).-About one
half mile south from Islay Creek and one-half mile south from the n.orthern boundary 
of the Pecho ranch, about 15 feet from the edge of the bluff. (Note 6, p. 616.) 

Buckhorn (San Luis Obispo County, Cal., W. E. Greenwell, 1881) .-On the Pecho 
ranch, about three-fourths mile from the shore line, east of the crossing of Valencia 
Creek, 400 or 500 meters southeast of a clump of scrub pine on the west slope of the 
spur. (Note 6, p. 616, except no center stub was described.) 

Buchon (San Luis Obispo County, Cal., W. E. Greenwell, 1881).-0n Point 
Buchon, the most westerly point between Point San Luis and Moro Rock; about one
half mile south of the mouth of Valencia Creek, and 20 meters from the shore. 
(Note 6, p. 616.) 

Rocky Peak (San Luis Obispo County, Cal., C. Rockwell, 1873).-Six and one
half miles from San Simeon Bay, a little to the east of Bare Hill. 

Creek (San Luis Obispo County, Cal., S. Forney, 1885).-0n the first prominent 
point southeast from the mouth of Santa Rosa Creek, just below the top and at the 
seaward of a rocky elevation at the end of the sand beach; about 75 meters south of a 
private wagon road, on land belonging to Lee Johnson. The center marks and the 
reference bottles were as in note 7, except the underground marks were buried 2 feet 
and there were no reference stubs. 

Lc.ffingwell (San Luis Obispo County, Cal., S. Forney, 1885).-About a half-mile 
west of the old Leffingwell wharf and about a mile east of San Simeon Creek; 12 meters 
toward the coast from the road leading to San Simeon Bay, on ·the land belonging to 
Mrs. Leffingwell. (Note 7, p. 616.) 

Murphy (San Luis Obispo County, Cal., S. Forney, 1884).-0n the highest point 
of the third ridge to the southward of Cambria, on the ranch of Mr. Estrada. The 
reference marks were stubs with copper tacks in the top placed approximately north, 
south, east, and west from the center of the station and distant from it 2 feet 6 inches. 

Perry (San Luis Obispo County, Cal., S. Forney, 1884).-0n the flat top of a hill 
south of Cambria, about 200 meters from the beach. The station was marked by a 
stone bottle, neck up, over which was placed a 2-inch redwood stub 2 feet long, the 
top of which is even with the surface of the ground. The reference marks were stubs 
placed at the following distances: to the north, 2 feet 6 inches; to the south, 2 feet 7 
inches; to the east, 2 feet 5 inches; to the west, 2 feet 7 inches. 

Allen (San Luis Obispo County, Cal., S. Forney, 1884).-0n the first high peak 
south of Cambria, about 300 meters from the beach and about 300 meters west of a 
fence running approximately north and south. The station was marked by a stone 
bottle buried neck up, 011 top of which was placed a 2-inch redwood stub 2 feet long, 
the top of which is even with the surface of the ground. The reference marks were 
stubs placed at the following distances: to the north, 2 feet 2 inches; to the south, 2 

feet r inch; to the east, 2 feet 2 inches; to the west, 2 feet 2 inches. 
White (San Luis Obispo County, Cal., S. Forney, 1883)._:_Upon what is known as 

White Point, on the east shore of Moro Bay, forming the northern point of the entrance 
to the eastern portion of the bay. The station ~vas marked by a square hole drilled 
into the solid rock. In the bottom of this hole was drilled a hole 1 inch in diameter 
into which a leaden bolt was driven. The reference marks were leaden bolts with 
copper tacks in the tops driven into holes drilled in the solid rock; to the east, distant 
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from'center 8 feet 7 inches; to the southeast, 7 feet 1 r inches, and to the south, 1 r feet 
4.Vz inches. 

Larsen (San Luis Obispo County, Cal., S. Forney, 1883).-0n the east shore of 
Moro Bay, on the highest part of a point on the south side of a large indentation in the 
shore. (Note 30, p. 618.) 

Baker (San Luis Obispo County, Cal., S. Forney, 1883).-0n the highest sand 
dune on the peninsula separating the west shore of Moro Bay from the ocean, about 500 
meters in a southt!rly direction from the house of Mr. Baker. (Note ·30, p. 618.) 

Pine 2 (San Luis Obispo County, Cal., S. Forney, 1885).-A tree with the limbs 
trimmed off for 20 feet down from the top and with a blazed triangle 4 feet from the 
ground; on land belonging to Mr. Phelan, on the hill northwest of Mr. Miner's house 
and overlooking the town of Cambria; distant from the Proctor House in a northerly 
direction about 400 meters. 

Lone Tree (San Luis Obispo County, Cal., C. Rockwell, 187.z).-Three miles from 
San Simeon Bay. 

Oak Top Hill (San Luis Obispo County, Cal., C. Rockwell, 1873).-Three and 
one-fourth miles due north from San Simeon Bay. 

Pine Top Hill to eastward (San Luis Obispo County, Cal., C. Rockwell, 1873).
Five and three-fourths miles a little to the east of north from San Simeon Bay. 

Bare Top Hill (San Luis Obispo County, Cal., C. Rockwell, 1873).-Three and 
one-fourth miles nearly due north of San Simeon Bay. 

Castle Top Hill (San Luis Obispo County, Cal., C. Rockwell, 1873).-Eight miles 
southeast from San Simeon Bay. 

Lone Pine (San Luis Obispo County, Cal., C. Rockwell, 1873).-Four and one
thi.rd miles northeast from Point Piedras Blancas. 

San Simeon Latitude Station I852 (San Luis Obispo County, Cal., G. Davidson, 
1852).-In San Simeon, Cal., on the beach about 15 yards to the west of the first break 
in the bank going from the west end of the beach. Reported destroyed in 187 1. 

Tepusquet Latitude Station (Santa Barbara County, Cal., J. S. Lawson, 1882).
A concrete pier, 67.78 feet from Tepusquet & (p. 629), in azimuth 152° 14' 38". 

Lospe Latitude Station (Santa Barbara County, Cal., J. S. Lawson, 1883).-A brick 
pier, 5.210 feet from Lospe & (p. 629), in azimuth 89° 55'. 

PIEDRAS BLANCAS TO POINT SUR. 

Silver Peak (Monterey County, Cal., S. Forney, 1887).--0n the highest point of 
a high, bushy ridge, the highest point of the Coast Range in this locality. The center 
of station was marked by an Indian stone mortar, buried 1 foot below the surface of the 
ground, with a hole drilled in the bottom, and filled with lead. This lead plug had a 
hole in it, which marked the center of the station. Three flat stones, each having a 
lead bolt with a cross in the top, were buried 1 foot below the surface of the ground, 
ranging approximately north, south, and east from center of station, and each 3 feet 
distant. 

Cone Peak (Monterey County, Cal., A. F. Rodgers, 1890).-0n the summit of a 
sharp, rocky peak, one of the so-called Lion Peaks, 3.Vz miles from the nearest point 
of the ocean at Portland Lime and Lumber Company's landing and 2 miles east of the 
nearest point of the San Antonio trail from Jolon village. 
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Rock Slide (Monterey County, Cal., A. F. Rodgers, 1890).-About r~ miles from 
the ocean, 3}'3 miles east southeast of Anderson Landing., 2 miles east of the mouth of 
Hot Springs Canyon; on the summit of the westerly point of the mountain at the head 
of Dolans Canyon, one-fourth mile west of the highest point of the mountain. Marked 
by a stone with a drill hole at the center, buried 18 inches below the surface. Four 
witness stubs, each with a tack in the top, were driven 6 feet from the center to the 
north, south, east, and west. An oak stump 7 feet high was 8 feet 10 inches west of 
the station. 

Pico Blanco (Monterey County, Cal., A. F. Rodgers, 1875, 1890).-0n the sum
mit of Pico Blanco Mountain, 5 miles east of Point Sur. · The station was marked by a 
hole drilled in a surface rock and filled with lead, on which cross lines marked the 
center of the station. 

Santa Lucia 1'Vest (Monterey County, Cal., A. F. Rodgers, 1890).-Upon the 
· sharp, rocky peak of Santa Lucia Mountain, about l 50 meters west of the primary 
station Santa Lucia (p. 617). A large flat stone with a center hole drilled three-fourths 
inch deep, set 4 inches below the rocky surface, marked the station. The witness 
marks were made by crosses cut in the rock; north, 8 feet 2 inches; south, 7 feet 7 inches, 
and east 5 feet 3 inches, distant from center. 

Anderson (Monterey County, C:!l., A. F. Rodgers, 1890).-Upon a conical sum
mit, on the ocean side of which the coast or mountain trail from Posts, Monterey 
County, pasi;es; the highest summit about a mile north of Swending's house. The 
subsurface mark, which was placed 20 inches underground, was a fiat stone with a 
center hole drilled three-fourths inch in diameter and 1 · inch deep. Two surface 
witness marks were driven, each 6 feet, east and west of the center, and a cross cut in a 
large rock north of and 5 feet distant from the center. 

Manuel (Monterey County, Cal., A. F. Rodgers, 1890).-Near the southern end 
of a grassy ridge, upon which there are outcropping rocks, about two-thirds of a mile 
south of the summit of the ridge, 2 miles southeast of Cabego Prieto, and 3Yz miles 
northeast by east of Pfeiffers Point. Michael, Frank, and John Pfeiffer know the 
location. The station was marked by a flat rock placed 18 inches below the surface, 
with a hole drilled at the center, which was filled with lead marked with a cross. 

Pfeiffers Point (Monterey County, Cal., A. F. Rodgers, 1890).-Upon the land 
of Michael Pfeiffer, about one-half mile southwest of his house, on the prominent head
land or knoll, the foot of which is washed by the ocean. The ocean face of the knoll 
has been so eroded and water-washed that upon that face .the slope is precipitous. The 
station was marked by a hole one-half of an inch in diameter, and I inch deep, drilled in 
the rock l foot below the surface. The hole was filled with lead with cross lines drawn 
to mark the center. 

Coopers Southeast Corner (Monterey County, Cal., A. F. Rodgers, 1890).-Upon 
the land of Michael Pfeiffer, upon a well-defined ridge, about a mile and a half north 
riorthwest from Pfeiffer's house. . Cooper's line fence runs along the ridge and the 
southeast corner of the Sur R<incho js within 30 feet•of the station. The position is 
well known to the Pfeiffer family. The station was marked by a bottle buried 2 feet 
below the surface of the ground and by a stub cut from the foot of signal pole. 

Sur River (Monterey County, Cal., C. Rockwell, 1875).-Near and north of the 
mouth of the so-called Big ·sur River and on the northwest side of the top of a sandy 
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hill on the land of John B. Cooper, about 35 meters from the shore and 100 meters dis
tant from a ledge of jasper which crops out of the soil. (Note 9, p. 616 1 except no 
center stub is described.) 1'he true azimuths of various points are as follows: Coopers 
Point, 329°; Cooper's ranch house, 252°; rock roo meters distant, 293°. 

Little River Hill (Monterey County, Cal., A. F. Rodgers, 1875, r89o).-On the 
summit of the first hill to the east northeast of Point Sur and 1 U miles distant. The 
county road runs one-half mile east of the station, and the Sur Rancho fence line is one
half mile north. (Note 8, p. 616.) 

San Martin Top (Monterey County, Cal., S. Forney, 1887).-0n the top of the 
first wooded knoll east of Cape San Martin. To reach the station, ascend the ridge north 
of Cruikshank's mine and follow it down to the ocean. The station is on the second 
'''ooded knoll from the ocean. The station was marked by a flat stone with a half-inch 
hole drilled into it, buried l 8 inches below the surface of the ground. 

Alder Top (Monterey County, Cal., S. Forney, 1887).-0n the top of the highest 
peak of the Coast Range between Rocky Butte and Cone Peak, at the head of Alder 
Creek, about 1 mile in an easterly direction and in a direct line from the Cruikshank 
mine located on the west fork of Alder Creek, and 2 miles by trail from the mine on the 
south end of a ridge running north and south and near a ledge of rocks. The station 
was marked by a stone with a hole drilled in it three-fourths inch in diameter and 
1 inch deep, buried l 8 inches below the surface of the ground. 

Lion Peak (Monterey County, Cal., S. Forney, 1887).-0n the top of the highest 
and most western of three prominent cone~shaped peaks, at the head of Salmon Creek, 
and about three-fourths mile in a direct line from the coast. The station was 1iiarked 
by a hole drilled into the solid rock. Three reference holes were drilled into the solid 
rock and fi_lled with lead as follows: south, 3 feet 9~ inches; southeast, 5 feet 1 inch, 
and east, 2 feet 10~ inches. 

Soda (Monterey County, Cal., S. Forney, 1887 ).-On a large rock near the top of 
a high rocky point 1 mile in an easterly direction from Leonard Holmes's cabin, on the 
Buckeye ranch. The station was marked by a drill hole in the solid rock, 6 inches 
below the surface of the ground. Three hole:; were drilled in the solid rock as reference 
marks; ea..;t, 3.6 feet; south, 2. 7 feet, and west, = .93 feet. 

Gate Pine (Monterey County, Cal., S. Forney, 1888).-0n a prominent, timbered 
hill, on land owned by Byron Plaskett. (Note 5, p. 6 l 6.) The reference marks were 
stones, buried 3 feet from the center, to the north, south, and east. The signal tree 
was cut off 21 ~ feet above ground and the stump was left standing near the center. 

Salmon Top (Monterey County, Cal., S. Forney, 1887).-Near the top of the 
highest bush-covered peak east of Salmon <;reek, about r mile back frnm the coast. 
To reach the station, follow the main ridge extending west from Bald Top. 1'he station 
was marked by a stone, with a U-inch hole drilled into it, one-half inch deep, buried 15 
inches below the surface of the ground. The three theodolite stubs were left. 

Lopez (Monterey County, Cal., A. F. Rodgers, 1890).-Upon what is known as 
the Lopez Point ridge. A bridle path leads from Lopez's house down the ridge and 
passes close to the station. The coast trail going north and south passes Lopez's 
house 300 meters north of the station. A trail also leads up the ridge from Lopez's 
house and connects with the San Antonio trail to Jolon village. The underground 
mark was a stone 8 inches below surface, with a drill hole at the center filled with lead. 
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Lopez Point (Monterey County, Cal., A. F. Rodgers, 1890).-Upon a well-defined 
point called Lopez Point, about half a mile from Lopez's house. The station was 
selected in 1888 and probably marked underground, but po description of the marking 
was given. 

Borondd (Monterey County, Cal., A. F. Rodgers, 1890).-Upon a grass-covered 
ridge about half a mile northwest from Lopez's house and 50 meters seaward from the 
fence of the settler named Boronda, and about 600 meters southwest from his house. 
Philip Smith, who lives near Lopez Pine 8, and. the Lopez family know the location. 
The coast trail leading from Lopez's place to Gamboa's passes 300 feet below and about 
250 meters distant from station. The underground mark was a stone placed 18 inches 
below the surface, with a hole drilled at the center, one-half inch in diameter and 1 ·inch 
deep. 

Dolan (Monterey County, Cal., A. F. Rodgers, 1890) .-On the summit of a high, 
prominent knol1, bare of timber and quite rocky, about 200 meters above and east of the 
main coast trail leading from S. Gamboa's place to Dolan's home place. The location 
of the station is well known to S. Gamboa, to P. Dolan, on whose land it is, and to 
"Rocky the Hunter." The station was marked by a rock buried 20 inches below the 
surface, with a hole drilled at the center one-half inch in diameter and 1 inch deep, 
filled with lead marked with a cross. 

Anderson Point (Monterey County, Cal., A. F. Rodgers, 1890).-Upon a ridge 
between Mc Way's and Anderson's places (the place formerly owned by Anderson, now 
owned by T. B. Slate of Slate's Hot Springs); aoout one-fourth mile from the rocky 
beach ~nd close to a trail leading from the lower coast trail at Anderson's to Swending's. 
The location is known to --- Swending, Christopher McWay, and to T. B. Slate. 
A glass bottle was placed 14 inches below surface of the ground, with four witness stubs 
6 feet from the center, to the north, south, east, and west. 

Bald Top (Monterey County, Cal., S. Forney, 1887).-0n the highest peak west 
of the mouth of the San Carpoforo Creek and 1 Yz miles back from the coast. The 
station was marked by a sandstone rock, with a hole one-half inch in diameter and 
one-half inch deep, buried 3 feet below the surface of the ground. Four redwood 
reference stubs, 2 by 3 inches, were driven into the ground, each 3 feet from the 
center, and ranging approximately north, south, east, and west. 

Jones Top (Monterey County, Cal., S. Forney, 1887). - Five miles from the coast, 
on the top of the highest bushy mountain, in a northerly direction from George Jones's 
ranch house (on the middle fork of the San Carpoforo Creek), and about three-fourths 
of a mile in a direct line from his house. The station was marked by a U-inch hole 
drilled into the solid sandstone rock, 1 foot below the surface of the ground. Above 
this was placed a stub with a copper tack in its top, which marks the center of the 
station. Three flat stones were buried 6 inches below the surface of the ground, ranging 
approximately north, east, and south, each 3 feet from the center of the station. Each 
of these stones had a hole drilled into it and filled with lead. There were also four 
charred cedar stubs buried even with the surface of the ground, each with a copper 
nail in the top, ranging approximately north, south, east, and west, and distant 4 feet 
from the center of station. The three stubs on which the theodolite legs rested were 
cedar, and were left undisturbed. 
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Pine Top (Monterey County, Cal., S. Forney, 1887, 1888).-0n the summit of the 
high wooded peak east of the San Carpoforo Creek, 2 Yz miles from the seashore. To 
reach the station, follow the trail from Hitchcock's house, on the San Carpoforo, up the 
main· ridge to the top. The station was marked by a copper nail driven into the top of 
a stump, which is 3 feet 4 inches high. About fifty trees were cut down around the 
station . 

. Ragged Point (San Luis Obispo County, Cal., C. Rockwell, 1873).-0n a ragged 
looking flat point, about one-half mile south of the mouth of the San Carpofero, on land 
claimed by DonJuanCastro; about 140 meters from the seashore, which is a perpendicular, 
rocky bluff, and about 30 meters to the east of a large pile of rocks about 12 feet high. 
(Note 9, p. 616.) The azimuths of the various points are as follows: rock off point of the 
coast, 200°; Valenzuela's house, 148°; bare top mountain, 106°; pile of rocks, 72°; 
woody top mountain, 55°; Hildebrandt's house, 17°; pile of rocks, distant 30 meters, 
264°; end of point, 214°. 

C!tina Gu/ell (San Luis Obispo County, Cal., C. Rockwell, 1873; S. Forney, 1887).-
0n a hill r 50 meters west of China Gulch, which is the next gulch above the Arroyo 
La Cruz; about 5 meters back from the edge of the bluff, toward the sea. (Note 24, 
p. 6 r 7, bottle buried neck up, 3 feet below the surface of the ground.) The three oak 
theodolite stubs were left. 

Yellow Hill (San Luis Obispo County, Cal., C. Rockwell, 1873; S. Forney, 1887).-
0n top of a high, grassy hill, about l mile north of the Arroyo La Cruz, and nearly the 
same distance from the seacoast, on land claimed by Don Juan ~astro. A washed place 
near the station shows the soil bright yellow at a distance. (Note 24, p. 6 l 7, bottle 
buried 3 feet below· the surface of the ground.) 

Rico (Monterey County, Cal., A. F. Rodgers, 1890).-Upon the land of the Rico 
Brothers, on the western end of a ridge which runs down to Pfeiffers Point, and 1 Yz 
miles east of the point. The station is well known to Michael and Frank Pfeiffer and 
to Frank Rico, whose house is northeast and one-fourth mile distaut from the station. 
It was marked by a glass bottle buried 18 inches below the surface and by a center 
stub of redwood, the top even with the surface. 

Castro (Monterey County, Cal., A. F. Rodgers, 1890).-Upon a rather small pro
jecting spur, the second well-defined ridge south of the point at which the mountain trail 
from Posts reaches the coast summit and turns south, and about 200 meters coastwise 
from the trail. There are two trails from Posts southward, one known as the '' coast 
trail '' and the other as the'' mountain trail.'' The station is best reached by the moun
tain trail. The station was marked by a stub with a tack in the center about 2 feet in 
the ground and the top level with the surface, cqvered with a pile of rocks. 

Timber Top (Monterey County, Cal., A. F. Rodgers, 1890).-0n a spur of the 
ridge running parallel to the coast, and about l Yz miles south of the point where the 
.trail from Posts first reaches the backbone of the coast ridge and turns south; about 
200 meters seaward or west from the mountain trail from Posts, upon the same ridge as 
the house of John Grimes, known as Grimes's rancho. The station was marked under
ground by a rock with a Yz inch hole drilled 1 inch deep, filled with lead, marked with 
cross lines. 

Gamboa (Monterey County, Cal., A. F. Rodgers, 1890).-:Upon a smooth, round, 
grass-covered knoll, about l ooo meters from the nearest point of coast, upon the land 
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of S. Gamboa, and 500 meters from his house. Reached from Jolon village by the San 
Antonio Mission trail. The underground mark was a glass bottle, neck down, the 
center of the bottom of which marked the center of the station. 

Helam (Monterey County, Cal., S. Forney, 1887).-0n a bushy ridge in a south
east direction from Silver Peak 8 and about one-fourth of a mile from it. To 
reach the station follow the main ridge from Silver Peak 8 toward the sea. The 
station was m'arked by a flat stone with a hole drilled in it, buried l foot below the 
Surface of the ground, and SUITOUnded by three flat stones buried l foot below the sur
face, ranging approximately north, south, and east, and distant 3 feet. Each stone had 
a hole drilled in it and filled with lead, with a cross cut on top of tht: lead. 

Trail (Monterey County, Cal., S. Forney, 1888).-About three-fourths of a mile 
from the ocean, and l 640 feet above it, on the land owned by Henry Mansfield, on the 
top of the hill northwest from his house, and about 40 meters west of the trail running 
from Pacific Valley to Jolon. (Note 5, p .. 616.) The reference marks are on stones, 
buried 3 feet distant from the center, to the north, ·south, and east. 

Plaskett Hill (Monterey County, Cal., S. Forney, 1888).-0n the west slope of a 
high hill, on the land owned by Byron Plaskett, l mile east of his house. (Note 5, 
p. 616.) The reference marks are on stones to the north, east, and west, and distant 3 
feet from the center. 

Mansfield (Monterey County, Cal., S. Forney, 1888).-0n the extreme northwest 
point of Pacific Valley Landing, on land owned by Henry Mansfield. (Note 5, p. 616.) 
The reference marks are on bowlders; to the north, distant 5 feet 5 inches, to the south
we~t, distant 7 feet 5 inches, and to the west, distant l 2 feet 2 inches . 

. Fancher (Monterey County, Cal., S. Forney, 1888) .-About three-fourths of a mile 
from the shore, near the to·p of a prominent hill on the south side of Willow Creek, on 
the land owned by A. Fancher, .about three-fourths of a mile east of his house, and 75 
meters east of the wagon road leading to it. (Note 5, p. 616,) The reference marks are 
on stones, to the north, south, and east, each distant 3 fee~ from the center. The three 
stubs on which the theodolite legs rested were -left undisturbed. 

Rock (Monterey County, Cal., S. Forney, 1888).-About l mile from the ocean, on 
land owned by B. Plaskett, on a rocky knoll of the ridge along the north side of Willow 
Creek. (Note 5, p. 616.) The reference marks are in the solid rock, as follows: To 
the south, distant 1 foot, and to the northeast, distant 3 feet 3 inches .. Twenty-seve11 
feet 6 inches east of the center of the station is a white-oak stump with a triangle cut 
on the west face, with four copper tacks, one in the center and one in each apex of the 
triangle. . · 

Jellison (Monterey County, Cal., 1\.. F. Rodgers, 1890).-0n the land of Mrs. Park
ington, whose house is about one-fourth of a mile northeast of station. The under
ground mark was a glass bottle, 18 inches below the surface, and above it a stub, with 
top 2 inches above surface of the ground. 

· Peter (Monterey County, Cal., A. F. Rodgers, 1890).-Upon quite a prominent 
round knoll, close to the ocean and about 37i miles southeasterly from Pfeiffers Point, 
upon the land of David Castro, and one-fourth of a mile south from his house. A stub 
marked the center of the station. 

Slate (Monterey C<:>unty, Cal., A. F. Rodgers, 1890).-Upon the sharp, steep grass 
ridge north of T. B. Slate's Hot Springs. The springs are near the shore line and about 
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60 miles south of Monterey. The station was marked by a stone placed 18 inches 
below surface of ground, with a hole drilled at the center, filled with lead marked with 
cross lines. 

Olmstead (Monterey County, Cal., A. F. Rodgers, 1890).-Upon a tongue of land 
or spur making northward from the Santa Lucia Mountain, and having deep, rocky 
gorges upon the north, east, and west. It is isolated from all ordinary travel and diffi
cult to reach. The location is known to Swending and Rocky the Hunter. The 
underground mark, which was placed 18 inches below the surface, was a rock, with 
center hole y;; inch in diameter and .r.i'. inch deep. Four witness stubs placed north, 
south, east, and west, each distant 6 feet from center. 

No Name (Monterey County, Cal., C. Rockwell, 1875).-0n the ridge going south 
from the mouth of Sur River, on top of the second summit on the trail from the r~ver 
down the coast and about 100 meters from it; m1 bare, open ground at the southern part. 
The first deep canyon below Sur River forms the east and south sides of the ridge. 
(Note 9, p. 616, except no center stub is described.) 

L_a Cruz (San Luis Obispo County, Cal., C. Rockwell, 1873).- Near the mouth of 
the Arroyo La Cruz, . about l mile from t~1e stream and one-half mile from the sea
shore, on top of the first hill forming the south bank. (Note 9, p. 616.) 

Cinnabar (San Luis Obispo County, Cal., C. Rockwell, 1873).-About 3 miles 
above Point Piedras Blancas, near the foot of the mountain, on the high ground opposite 
the great bend of the Arroyo La Cruz and at least one-half mile from that stream. 
(Note 9, p. 616.) 

Coopers Point (Monterey County, Cal., C. Rockwell, 1875).-0n the first promi
nent point belmv Point Sur, on the summit of the inner one of three semidetached 
knolls worn away by the seas, the outer one of which is a sharp pinnacle of rock. 
(Note 6, p. 616, except no center stub is described.) 

Coopers Pinnacle (Monterey County, Cal., A. F. Rodgers, 1890).-The most promi
nent of several knobs or knolls, and the terminal of what is locally 'known as Coopers 
Ridge, down which extends the south line fence of Cooper's ranch. 

Black Mountain (Monterey County, Cal., A. F. Rodgers, 1890).-Five meters 
west @f Post Summit 8. (Note 8, p. 616.) 

Post Summit (Monterey County, Cal., A. F. Rodgers, 1890).-A prominent rock 
on the apex of the summit of Cabeyo Prieto; just beyond the limits of the fences of the 
Sur ranch. The summit is covered with a dense growth of chaparral. 

Square Black Rock (Monterey County, Cal., A. F. Rodgers, 1890).-About r mile 
southwest from Dolan 8 and 300 meters distant from the shore. As seen from most 
directions it appears as a square black rock, but when east or west of it a cleft appears. 

Lopez Rock (Monterey County, Cal., A. F. Rodgers, 1890).-The highest point of 
a prominent rock about I mile west from Lopez ·Point and 40 meters distant from the 
nearest point of the shore line. As seen from the northwest or southeast it looks like 
a schooner under sail, close hauled. 

Little Lopez Rock (Monterey County, Cal.-, A. F. Rodgers, 1890).-The top of the 
lowest of the three rocks called Lopez Rock. 

Slate Rock (Monterey County, Cal., A. F. Rodgers, 1890).-Quite a prominent off
shore detached rock, the top 20 feet above ordinary high-water mark; one-fourth mile 
offshore and one-half mile westerly from Slate's Hot Springs. 
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P.feiffers Little Pinnacle (Monterey County, Cal., A. F. Rodgers, 1 890) .-The highest 
rock in a group quite close to the shore line off Pfeiffers Point, and from the seaward 
not especially noticeable as a distinct rock. 

P.feiffers Rock (Monterey County, Cal., A. F. Rodgers, 1890).-The largest detached 
rock under Pfeiffers Point. 

San Martin Rock or Great White Rock (Monterey County, Cal., S. Forney, 1888).
The highest point of an isolated, sharp-pointed rock, the largest and inner one of four 
rocks lying off Cape San Martin. 

Middle San Jl:fartin Rock (Monterey County, Cal., S. Forney, 1888).-0n the highest 
part of the larger one of the two rocks between San Martin Rock and Outer San Martin 
Rock. 

Outer San Martin Rock (Monterey County, Cal., S. Forney, 1888).-The sharp 
point of the summit of a white pointed rock, the outer one of the group of four rocks 
lying off Cape San Martin. 

Limekiln Rock (Monterey County, Cal., A. F. Rodgers, 1890).-A small rock 
under the bluff at Rockland Lime and Lumber Company's landing, close to the beach. 
It can be made out through the mouth of Rockland Canyon. 

Limekiln Smol<estack (Monterey County, Cal., A. F. Rodgers, 1890).-The stack 
of a hoisting engine on the Rockland bluff, not over 10 feet high, and distant 10 meters 
from the Rockland Lime and Lumber Company's warehouse. 

LimekilJZ Warehouse (Monterey County, Cal., A. F. Rodgers, 1890).-The flag
pole on the ocean gable of the warehouse of the Rockland Lime and Lumber Company, 
a whitewashed building 90 feet long, upon the ocean bluff. 

Mansfield Cone (Monterey County, Cal., S. Forn°ey, 1888).-A conical-shaped rock 
on the extreme point of the shore line at the northwest end of Pacific Valley Landing, 
Twin Peak Cove, on land owned by Henry Mansfield. 

Mansfield's house (Monterey County, Cal., S. Forney, 1888).-The top of the 
chimney of Mansfield's house, which stands on an old Indian shell mound, about one
third of a mile north of the schoolhouse and about the same distance east of Pacific 
Valley Landing. 

Plaskett Rock (Monterey County, Cal., S. Forney, 1888).-The highest point of a 
large white rock at the southwest end of Pacific Valley Landing, Twin Peak Cove. 

White Rock I (Monterey County, Cal., S. Forney, 1887).-The highest point of a 
prominent white rock projecting about 39 feet above high water, one-half of a mile west 
of the mouth of Salmon Creek, one-half of a mile from the shore, and 170 meters inside 
a breaker. The station was not marked. 

San Martin Point (Monterey County, Cal., S. Forney, 1887).-0n the sea face of 
Cape San Martin, about one-fourth mile from the shore, on land claimed by A. Fancher; 
on the southeast point of a bench or table running approximately northwest and south
east; at the edge of the bluff just south of the pines. The station was marked by a 
flat stone with a ~-inch hole drilled in it, buried 2 feet below the surface of the ground, 
surrounded by four redwood stubs, each with copper tack in top, buried even with the 

I 

surface of the ground, and ranging approximately north, east, south, and west, and 
each distant 4 feet from the center of the station. 

Buckeye (Monterey County, Cal., S. Forney, 1887).-About three-fourths mile 
from the shore on the land claimed by William Cruikshank; on the end of the highest 
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ridge in a northwesterly direction from Leonard Helam's cabin, in Buckeye Valley, at 
the point where the ridge drops off abruptly; on a ledge of cinnabar rock. The station 
was marked by a %:-inch hole drilled in the solid rock, l inch deep, surrounded by 
three %-inch holes drilled in the solid rock and filled with lead, as follows: to the 
east, l foot 6 inches; to the south, 2 feet 7 Yz inches; to the west, 2 feet 5 inches. 

Willow Peak (Monterey County, Cal., S. Forney, 1888).-0n Government l·and, 5 
miles from the seacoast, on the top of an isolated peak on the summit of the Coast 
Range at the headwaters of the main branch of Willow Creek. The station was marked 
by a large bowlder with a %:-inch hole drilled 2 inches deep in it. (Note 5, p. 616.) 
The reference marks were in bowlders, as follows: to the northwest, distant 8 feet l 

inch from the station; to the northeast, distant 2 feet, and to the southwest, distant 2 

feet 2 inches. 
Mortar (Monterey County, Cal., S. Forney, 1888).-Three-fourths mile from the 

ocean on the land owned by B. Plaskett; on the second spur west of Willow Creek, 
about 400 feet above the coast trail on the point of the ridge, and about 50 feet above a 
large bowlder on the side of the hill. The station was marked by an old Indian mortar, 
with a %:-inch hole drilled in the bottom of it, buried 14 inches below the surface of 
the ground. The reference stones were as in note 5, p. 616, and each distant 3 feet 
to the north, south, and east of the station. 

Corral (Monterey County, Cal., S. Forney, 1888).-0n the top of a high rocky 
knoll, on land belonging to Henry Mansfield, about one-half mile to the north of his 
corral, about two-thirds of the way up the mountain, just west of the trail leading to 
Jolon, and about 300 meters down the ridge toward the ocean from a point where a 
fence crosses the ridge. (Note 5, p. 616.) The reference marks are in bowlders, as 
follows: to the north, distant 2 feet 7 inches from the station; to the south, distant 4 
feet 8 Yz inches; to the east, distant 8 feet l inch. 

Gonzales (Monterey County, Cal., S. Forney, 1887).-About three-fourths mile 
from the ocean and l mile from the San Carpoforo Creek, on the first ridge southeast 
from Mr. Thorndyke's house, on land claimed by him; about l mile to the north of 
Valenzuela's house, one-fourth mile west of Bordel Gonzales' house and on a little 
bench on the third rise of the ridge from Thorndyke's house. The station was marked 
by a stone with a %:-inch hole drilled one-half inch deep in it, and buried 3 feet below 
the surface of the ground, surrounded by four Ndwood stubs 2 by 3 inches, 2 feet long, 
each with a copper tack in the top, driven into the ground, and ranging approximately 
north, south, east, and west, at a distance of 4 feet from the center of station. 

Soda Point (Monterey County, Cal., S. Forney, 1887).-About one-fourth mile 
from the coast, on the end of the eastern ridge running down toward the ocean from 
Soda 8, the first ridge west of Frank Numma's cabin. The first clump of redwood 
trees on the trail up the coast from Salmon Creek is in the first canyon west of the 
station. The station was marked by a stone with a %:-inch hole drilled l inch deep, 
buried l foot below the surface of the ground, surrounded by four stubs of pine, each 
with copper tack in top, placed approximately north, south, east, and west from the 
center, at a distance of 4 feet. 

Thorndyke Top (Monterey County, Cal., S. Forney, 1887).-Near the trail and on 
the top of the main ridge running from Bald Top to Salmon Top. The station was 
marked by a piece of sandstone with a %:-inch hole drilled in it, buried 18 inches 
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below the surface of the ground, and surrounded by four redwood stubs, 2 by 3 inches, 
each with a copper tack in the top, buried even with the surface of the ground, ranging 
approximately north, south, east, and west, and each distant 4 feet from the center of the 
station. 

Prize Pinc (Monterey County, Cal., S. Forney, 1887).-A tree 26 inches in diam
eter, trimmed down, but leaving a bushy top, with a triangle cut on the south face, 
situated on a mining claim called the Grand Prize, located on a ridge about three
fourths of a mile in a northwesterly direction from the Cruikshank mine. 

Spur (Monterey County, Cal., S. Forney, 1888).-0ne-half mile from the ocean 
on the end of the first spur north of Trail /!:,., on land owned by Henry Mansfield. 
(Note 5, p. 616.) The reference stones are distant 3 feet to the north, south, and east. 

Plaskett Point (Monterey County, Cal., S. Forney, 1888).-0n a prominent rocky 
point of land at the southern end of Pacific Valley, on land owned by Byron Plaskett 
and about 300 meters southwest from his house. (Note 5, p. 616.) The center stone 
was 8 inches below the surface. The reference marks were on bowlders, as follows: to 
the north, 8 feet 3 Ji inches from the center; to the south, 6 feet 2 7f inches, and to the 
west, 4 feet 10 inches. 

,1£ozmd (Monterey County, Cal., S. Forney, 1888).-0n a rocky mound on the 
coast, on land owned by Henry Mansfield, in the last field northwest of his house. 
(Note 5, p. 616.) The reference marks were on solid bowlders, as follows: to the north, 
6 feet from the center; to the south, 4 feet 8 inches, and to the east, 1 foot 7 inches. 

Willow Point (Monterey County, Cal., S. Forney, 1888).-0ne-fourth of a mile 
from the ocean and 100 yards south of the coast trail, on the second point northwest of 
Willow Creek, on land owned by Byron Plaskett. (Note 5, p. 6 l 6.) The reference 
marks are on stones buried each 3 feet distant from the station, to the north, south, 
and west. 

San Carpeforo (San Luis Obispo County, Cal., C. Rockwell, 1873).-About I mile 
from the coast, on the first sharp, narrow ridge south of San Carpoforo Creek, on a 
small sloping bench overlooki11g the canyon, about one-fourth of a mile north of a deep 
gulch with a large stream of water in it; on land owned by Don Juan Castro; very near 
a cattle tmil from the coast to the top of the hill. (Note 9, p. 616.) 

Gz"llis (San Luis Obispo Co~nty, Cal., C. Rockwell, 1873).-Twenty-three meters 
from the seashore, 1 850 meters nor!hwest from Piedras Blancas Light-house, 260 

meters south of the mouth of two small streams, and on Gillis' land, 635 meters from 
his house. (Kote 9, p. 616, except no center stub is described.) 

Valenzuela (San Luis Obispo County, Cal., C. Rockwell, 1873).-0na narrow 
bench of land between the foot of the mountain and the seacoast and about three-fourths 
of a mile north of the Arroyo San Carpoforo, about 20 yards east of the trail from San 
Carpoforo Creek up the coast, on land claimed by Mr. Valenzuela. A stream of water 
runs in a gulch about 100 yards to the north, beyond which the land rises very 
abruptly, as it does to the east of the station. :Near the station the soil is disintegrated 
rock washed from the mountain. From the station Valenzuela's house and the small 
hill at the mouth of Arroyo La Cruz are in range; also a group of rocks in the bight 
south of the mouth of San Carpoforo Creek. (Note 9, p. 616, except no center stub is 
described.) The azimuths to various points are as follows: Hildebrandt's house, II 0 

• 

Valenzuela's house, 357°; end of point, 348°; top of hill, 126°. 
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Brushy Kuob (San Luis Obispo County, Cal., C. Rockwell, 1873).-About l mile 
from the seashore on the top of a very peculiar round knob projecting above the ridge 
forming the south bank of the Arroyo La Cruz, about one-half of a mile from it, on land 
claimed by Don Juan Castro. The top of the knob is a kind of sandstone or hardpan, 
and is covered with low brush. (Note 9, p. 616.) 

Sierra Nevada (San Luis Obispo County, Cal., C. Rockwell, 1873) . ....,-About 650 
meters west of the mouth of the Arroyo La Cruz, on a sharp, narrow little point of 
land, about 20 meters from the edge of the bluffs toward the sea, on land claimed by 
Don Juan Castro. (Kote 9, p. 616, except that no center stub is described.) 

La Cruz Rc>ck (San Luis Obispo County, Cal., C. Rockwell, 1873).-The top of a 
rock 50 feet high, 330 meters from the mouth of the Arroyo La Cruz. 

f,V/zite Nock 2 (:Monterey County, Cal., C. Rockwell, 1873; S. Forney, 1887).
The highest point of a rock, about 64 feet abo\'e high water, l 30 meters offshore at the 
mouth of the first canyon west of Salmon Creek that has redwood trees growing in it. 

Coue Piue (Monterey County, Cal., A. F. Rodgers, 1890).-A trimmed pine upon 
• the ridge which culminates at Cone Peak. Cone Pine 8 and Cone Peak 8 are on twin 

summits. 
Dolaus Coue Rock (Monterey County, Cal., A. F. Rodgers, 1890).-Is about one

half of a mile west of Dolan's, close under the coast bluffs. 
Lopez Lone Tree (Monterey County, Cal., A. F. Rodgers, 1890).-0n one of the 

spurs of Lopez ridge, l mile north by east of Lopez Point. 
Lopez Pine (Monterey County, Cal., A. F. Rodgers, 1890). Upon the main ridge 

traveled in going from Jolon village to Lopez Point, one-fourth of a mile south of the 
house of Philip Smith. The tree is quite prominent when looking from north or south, 
and has been stripped of branches with exception of a tuft at top. Location known to 
S. Zam boa, Philip Smith, and Kiel Dani. 

Digges .Pine (Monterey County, Cal., S. Forney, 1888).-0n the summit of the 
Coast Range, 25 meters south of the trail leading from Pacific Valley to Jolon, on land 
owned by Henry Mansfield; a tree 3 feet 2 inches in diameter, with a brush top 20 feet 
high and a triangle.cut on the north side, with a copper tack in the center and at each 
apex. To reach the station follow the trail from the corral near Corral 8, passing an 
old barn and cabin south of the trail, to a cabin in a small flat to the north of trail. 
The station is one-fourth of a mile to the northeast. 

Post's house (Monterey County, Cal., A. F. Rodgers, 1890).-The white chimney 
of the house of William B. Post, postmaster, 38 miles from Monterey, and at end of 
wagon road. 

Pine Auderson (Monterey County, Cal., A. F. Rodgers, 1890).-A trimmed tree on 
the ridge above what is known as the Anderson place, owned by Slate. 

Gamboa Point (Monterey County Cal., A. F. Rodgers, 1890).-A conical rock at 
the end of the small sandy bight and beach under Gamboa 8, and as seen from Dolan 8 

and Rock Slide 8 appears to be a projection of the shore line. 
Little P,yramid Rod< (:Monterey County, Cal., A. F. Rodgers, 1890).-A small 

pyramid-shaped rock, in a group of rocks, close under the bluffs which flank the ocean 
side of the knoll on which Peter 8 is located. 

1Jfansjield Pine (Monterey County, Cal., S. Forney, 1888).-A tree, trimmed down, 
on land belonging to Henry Mansfield, on the high hill immediately back and east of 
his house. 
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Harlan Rock (Monterey County, Cal., A. F. Rodgers, 1890).-A rock, ah9ut 2 
miles east of Lopez Point and l mile west from Rockland Lime and Lumber Company's 
landing, in a bight, projecting about 8 or IO feet at high water. 

Deer Pine (Monterey County, Cal., S. Forney, 1887).-A tree 17 inches in diame
ter, trimmed down, leaving a bushy top, in a clump of oak and pine trees, on the first 
ridge west of Salmon Creek, and about three-fourths of a mile east from Deer Flat. 

Cabin Pinc (Monterey County, Cal., S. Forney, 1888).-A tree, trimmed down, 
leaving a bushy top IO feet high, On land owned by Byron Plaskett, near the. summit 
of the ridge extending upward from his house. The tree was 3 feet 3 inches in diame
ter, and has a triangle cut on the south face, with copper tack in center and at each 
apex. In the gulch on the east side of this tree is a cabin and mining claim owned 
by Mr. Goodrich. 

Salmon Pinc (Monterey County, Cal., S. Forney, 1887).-A tree, trimmed down, 
leaving a bushy top IO feet high, with a cross cut on the west face, on the first long 
ridge south of and about l mile from Salmon Top 8. 

Lone Pine (Monterey County, Cal., S. Forney, 1888).-A tree 30 inches in diam-• 
eter, trimmed down, leaving a bushy top IO feet higl~. with a triangle cut on its south 
face, near the trail on the ridge extending from William Plaskett's house to the 
summit of the Coast' Range and to Jolon. 

Ridge Pine (Monterey County, Cal., S. Forney, 1888).-A tree 20 inches in 
diameter, trimmed down, with a triangle cut on the east side, on land owned by 
William L. Plaskett, on a spur of the main coast ridge, about midway between Gate 
Pine and Diggs Pine. 

Big Tree (Monterey County, Cal., C. Rockwell, 1873).-About a half mile from 
the mouth of the Arroyo La Cruz and the same distance from the pine top hill north 
of Point Piedras Blancas. 

Rocky Butte Latitude Station (San Luis Obispo County, Cal., J. S. Lawson, 1885).
A concrete pier 5.13 feet west of Rocky Butte 8' (p. 628). 

Castle 1l:fount Latitude Station (Monterey-Fresno Counties, Cal., J. S. Lawson, 
1885).-A concrete pier 1.6 meters due east of Castle Mount 8 (p. 605). 

Hepsedam Latitude Station (San Benito County, Cal., J. S. Lawson, 1885).-A 
concrete pier, 5. 15 feet east of Hepsedam 8 (p. 605). 

Santa Lucia Latitude Station I885 (Monterey County, Cal., G. Davidson, 1885).
A concrete pier 44 feet 1 inch from Santa Lucia 8 (p. 627), in azimuth 227° 28'. 

Santa Lucia Eclipse Station (Monterey County, Cal., G. Davidson, 1880).-Fi\·e 
hundred and forty-six feet two inches from Santa Lucia 8 ( p. 627), in azimuth I02 ° 33'. 

Santa Lucia Latitude Statz'on I88o (Monterey County, Cal., G. Davidson, 1880).
A pine post 22 inches in diameter, 67. 25 feet, azimuth 193° 48', from Santa Lucia Eclips1: 
Station; 56 meters north and 158 meters west of Santa Lucia 8 (p. 627). 

Santa Lucia U. S. Naval Observato1J' Station (Monterey County, Cal., E. Frisby, 
1880).-167m:87 west and 46m.90 north of Santa Lucia 8 (p. 627). 

POINT SUR TO MO::\'TEREY BAY. 

Sierra I-fill (Monterey County, Cal., A. F. Rodgers, 1875, 1890).-0n the top of 
the first hill to the north of Little Sur River and three-fourths of n mile from it; three
fourths of a mile from the shore, and 400 met ;rs west of the coast road. ( Note 8. p. 616.) 
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Bonifacio Hill (Monterey County, Cal., A. F. Rodgers, 1875).-The station was 
marked according to note 8, p. 616. 

Point Sur (Monterey County, Cal., C. Rockwell, 1875).-0n highest pa!i: of the 
mound forming the extremity of Point Sur. The ground is very rocky, and the top of 
the mound is barely large enough for a signal. The center was marked by a drilled hole, 
filled with lead, in a sandstone rock buried about 2 feet underground. Witnes..,; stubs of 
redwood were placed as follows: one west, 6 feet; one east, 7 feet, and one south, 6 feet. 
Reported probably lost in 1890. (See Point Sur 2 8, p. 7 3 7.) 

Dry Hill (Monterey County, Cal., C. Rockwell, 1875).-0n highest part of the 
southern end of a dry-appearing ridge about 2 miles east by south of Point Sur, on 
the Cooper ranch, and nearly a mile from the ocean. The ridge is immediately north 
of a creek and the road leading from the coast trail to a dairy house up the valley. 
(Note 9, p. 616, except no redwood stub at the center.) 'l'he true azimuthsof certain 
points are as follows: high rocks on a point of the coast, 336°; Cooper's ranch house, 
329 °; a log cabin in a canyon (visible IO feet from station), 264 °; a rock 250 meters 
down the ridge, in range with a bog hole in the center of the fiat, 47°. 

False Sur (Monterey County, Cal., C. Rockwell, 1875).-0n the summit of a 
small rounded hill known as False Sur. (Note 9, p. 616, except no redwood stub at 
the center.) 

Oliviers Mount (Monterey County, Cal., A. F. Rodgers, 1875).-0n the southwest 
side of a mountain the summit of which is 2 miles northeast by north from Kaslers 
Point and 1 mile fi;om the shore line. The station is 130 feet below and 200 meters 
from the summit. (Note 8, p. 616.) 

Cusltings !lfozmt (Monterey County, Cal., A. F. Rodgers, 187 5) .-On the west 
end of a ridge about 2 miles southeast of Kaslers Point and one-half mile from the 
shore line. The ridge is sloping, and the summit is 600 meters west of and 200 feet 
above the station. (Npte 8, p. 616.) 

Kaslers Point (Monterey County, Cal., A. F. Rodgers, 1875).-0n top and near the 
edge of a bluff about 160 feet high 250 meters southeast of most westerly point of Kas
lers Point. The bluff rises from the water's edge. (Note 8, p. 616.) 

Soberanes Point (Monterey County, Cal., A. F. Rodgers, 1875).-011 top and near 
the edge of bluff 40 feet high on the south end of a rocky point one-half of a mile south 
of Exequil Soberanes' house and 3 miles south-southeast of Yankee Point. (Note 8, 
p. 616.) 

Rocky Ridge (Monterey County, Cal., A. F. Rodgers, i875).-0n the southwest 
side of a small knob on the west side of a hill r 800 feet high 2 ~ miles southeast of 
Yankee Point. The station is 400 feet below and 600 meters west of the summit. 

Gutres Knoll (Monterey County, Cal., A. F. Rodgers, 187:;).-0ne and one-half 
miles south-southeast of Yankee Point, 200 meter& east of and 190 feet above the beach; 
on the west side of a small knoll on the west slope of a hill, 20 feet below the top of the 
knoll. (Note 8, p. 616.) 

Waters Ridge (Monterey County, Cal., A. F. Rodgers, i875).-0u the west slope 
of ridge r mile east of Yankee Point, 1 250 feet above sea level, and 550 meters north- · 
west of and 320 feet below the top of the ridge. (Note 8, p. 616.) 

Yankee Point (Monterey County, Cal., A. F. Rodgers, 1875).-0n top of knoll 
about 110 feet high near the most westerly part of Yankee Point, 100 meters southwest 
of the highest part of Yankee Point. (Note 8, p. 616.) 
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Whalers Knoll (Monterey County, Cal., A. F. Rodgers, 1875).-0n the summit of 
the knoll one-fourth of a mile west of the whalers' landing at Carmel Cove and }6 mile 
east-southeast of the most westerly point of Point Carmel. The signal flagdtaff of the 
whalers is 157f feet S. 65° E. of station. The mark is a drilled hole, filled with lead, 
in the surface rock, and covered with a large pile of stones. 

Greggs /-fill (Monterey County, Cal., A. F. Rodgers, 1875).-0n the summit of 
the first high hill south of Carmel River, three-fourths of a mile southeast of Greggs' 
ranch and l mile east of the mouth of San Jose Creek. (Note 29, p. 618.) 

Pcscadero Point (Monterey County, Cal., A. F. Rodgers, 1875).-0n the outer 
extremity of the low rocky point which forms the northern headland of Carmel Bay; 
on the south side of the point, about 100 meters from the edge of the timber. (Note 29, 
p. 6r8.) 

· MonfereJ' Hill (Monterey County, Cal., A. F. Roc;lgers, 1875).-Two miles south of 
Monterey, on a round top knoll near the west end of a high bald ridge; about 300 yards 
north of the board fence extending east and west along the south side of the ridge. 
(Note 29, p. 618.) 

Loma Alta (Monterey County, Cal., A. F. Rodgers, 1875).--Near the summit of 
the high bald ridge about 2 miles south of the town of Monterey and within about 400 
yards of the timber line on the east side of the ridge. The summit of this ridge consists 
of two small round knobs; the station is on the southern knob about 50 yards west of 
its apex. (Note 29, p. 6r8.) 

Sand Hill 2 (Monterey County, Cal., A. F. Rodgers, 1875).--The station was 
marked according to note 8, p. 616. Reported lost in 1904. 

111ontcreJ' BaJ1 2 (Monterey County, Cal., A. F. Rodgers, 1875).-The station was 
marked according to note 8 p. 61 6. 

Luccs Point (Monterey County, Cal., A. F. Rodgers, 1875; F. Swift, 1904).-0n 
a point of rocks about 600 meters northeast of Point Pinos Light-house and a quarter of a 
mile east of a small pond or lake near the beach at the northern part of the point. The 
station was marked by a hole drilled in the rock and filled with lead. The reference 
marks were two similar holes in the rock, each 6 feet from the station, to the north and 
south. 

Rocky Point 2 (Monterey County, Cal., A. F. Rodgers, 1875).-0n the first promi
nent point northwest of the town of Monterey, about half a mile distant from the old 
custom-house wharf and about 300 yards below the Point Pinos Light-house road, in 
the field directly in front of Milton Little's house. (Note 29, p. 618.) A hole was 
drilled in a large bowlder and filled with lead, 26 feet northwest from the station. 

Mussel Point (Monterey County, Cal., A. F. Rodgers, 1875; F. Swift, 1904).-
0ne and one-half miles north-northwest of Salinas City wharf, on top of a small knoll 
on the northwest part of Mussel Point, about 50 meters from shore line. (Note 8, 
p. 616.) 

f,,Vhite Rock (Monterey County, Cal., A. F. Rodgers, 1875).-About 700 meters 
northwest of Point Pinos Light-house, on a large white-looking rock lying off Point 
Pinos, about 300 yards outside the bluff line. It can only be reached at very low tide. 
The station is marked by a hole drilled in the rock and filled with lead. 

!11oss Beach (Monterey County, Cal., A. F. Rodgers, 1875).-0n the low sandy 
point that makes out about n.idway along the beach, locally known as Moss Beach, 
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about 1 Yz miles south of Point Pinos Light-house. The road from Monterey to Point 
Cypress passes close to the station on the east side. (Xote 29, p. 618.) 

Pyramid Point (Monterey County, Cal., A. F. Rodgers, 1875; F. Swift, 1904).-
0n a sharp, pyramid-shaped rock on the northwest extremity of the point locally known . 
as Sav:rmill :Point; about 2 miles south of Point Pinos Light-house; about 300 meters 
west of the road from Monterey to Point Cypress. The station was marked by a hole 
drilled in the rock and filled with lead, and by three witness marks, also holes drilled 
in the rock, two in line north and south and the other at a right angle to these, each 6 
feet distant from the station. 

Timber Ridge (Monterey County, Cal., A. F. Rodgers, 1875) .-Three and one-half 
miles from Monterey and 2 miles north of Carmel River on the southern en<l of the first 
hill with a round top to the west of the road from Monterey to Carmel and about 500 
yards from where the road issues from the timber and begins to descend the hill toward 
Carmel River; about 90 feet above and 100 meters west of the road. (Note 29, p. 618.) 

Carmel Riz1cr (Monterey County, Cal., A. F. Rodgers, 1875).-0n the top and 
southern encl of a low flat point, northwest of and 500 meters from the mouth of Carmel 
River, and 1 ooo meters west by south of Carmel Mission; 150 meters north of where 
the sand beach joins the rocks on the southern end of the point. (Note 29, p. 618.) 

HucklcbcnJ' I-fill (Monterey County, Cal., A. F. Rodgern, 1875).-0n a round, 
bare knoll on the high ridge or hill, about 1 ?{ miles east of the whale fishery at 
Carmel Cove; ahont 150 meters south of the road from Carmel to the Mal Paso coal 
mine. (Note 29, p. 618.) 

Yankee Kuo!! (Monterey County, Cal., A. F. Rodgers, 1875).-0n the top of the 
knoll 011 the western slope of a hill, one-fourth of a mile east of the most northerly part 
of Yankee Point; 270 feet above sea level. (Note 8, p. 616.) 

Point 0'/Jress (Monterey County, Cal., A. F. Rodgers, 1875).-0n the summit of 
the round knoll at the outer extremity of Point Cypress. (Note 29, p. 618.) 

Timber Poim (Monterey County, Cal-., A. F. Rodgers, 1875).-0n a large rock at the 
outer southwest extremity of the timbered point that makes out about halfway between 
Point Cypress and Pescadero Point. The station was marked by a hole drilled in the 
rock and filled with lead. 

Poiul Lobos (Monterey County, Cal., A. F. Rodgers, 1875).-0n the top of a small, 
conical hill, about 11 o feet high, 60 meters from beach and 12 miles south-southeast of 
most northerly part of Point Carmel. (Note 8, p. 616.) 

Frau/~ (Monterey County, Cal., A. F. Rodgers, 1875).-0n the western slope of a 
hill, 2 ?{ miles northeast of Point Cypress, 400 meters from end of the point to northwest, 
25 feet above sea level, and about ·50 meters from the edge of timber. (Note 8, p. 616.) 

Pelican Poi11I (Monterey County, Cal., A. F. Rodgers, 1875).-0n a low, flat point 
about 1 Yz miles north of Point Cypress and about 150 yards north of the mouth of a 
small creek; about 40 meters from the shore line. A group of large white rocks lies a 
few hundred yards off the point. (Note 29, p. 618.) 

Lone Rock (Monterey County, Cal., A. F. Rodgers, 1875.)-0n west slope of a 
bill, 2 miles northeast of Point Cypress, at the edge of timber, 30 feet above and 250 
meters east of the shore line, and 250 meters north of a small knob on the side of the 
hill near the edge of timber. (Note 8, p. 616.) 
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Black Ridge (Monterey County, Cal., C. Rockwell, 1875).-0ne and one-eighth 
miles northeast of Point Sur and one-half of a mile east of the north end of a sand beach 
extending from Point Sur up the coast; on a high ridge on Cooper's ranch a little west 
of the highest part of the ridge; So meters southeast and 18.3 meters below it is a steep 
sandstone cliff. (Note 9, p. 6r6, except no stub over bottle). 

Cooper (Monterey County, Cal., C. Rockwell, 1875).-About 13{ miles nearly east 
of the north end of Point Sur and 1 mile north of False Sur, on a ridge extending from 
the plains at Point Sur to the first range of hills. The end of the sand beach where it 
joins the north side of the rock at Point Sur is in range with a ledge of roeks about 100 
meters from the station. The outer pinnacle of Coopers Point is nearly in range with 
the highest part of a hill near the mouth of Sur River. A high rock on a point of the 
coast bears 330° (true). (Note 9, p. 616, except no stub over center.) 

Point Sur South Base (Monterey County, Cal., C. Rockwell, 1875).-Two-thirds of 
a mile nearly due east of the south end of Point Sur Rock, 150 meters from the nearest 
point of a gulch'to the southeast, and 150 meters from the shore line, close to the edge 
of the drifting sand. (Note 9, p. 616, except no stub over the center bottle.) 

Point Sur Nortlz Base (Monterey County, Cal., C. Rockwell, 1875).-0n the plain 
two-thirds of a mile nearly northeast of Point Sur Light-house and one-third of a mile 
from the beach, about 5 meters from the edge of the sandy level. True azimuths are as 
follows: to the west end of Point Sur Rock 66°; to a sandstone cliff 210°. (Note 9, 
p. 6r6, except no stub over the center bottle.) 

Vierra Knoll (Monterey County, Cal., A. F. Rodgers, 1875).-0n the top of a 
small knoll, about 250 meters a little north of west of the house of John P. Vierra, at a 
point on the coast about midway between Point Lobos and Yankee Point, off which there 
are a number of rocks. (Note 8, p. 616.) 

Bushy Ridge (Monterey County, Cal., A. F. Rodgers, 1875).-0ne and one-half 
miles southeast of Yankee Point and three-fourths of a mile from the shore, on northwest 
end of a long, sloping ridge; about 1 ooo feet above sea level, and 800 feet below and r 
mile northwest of the top of the ridge. (Note 8, p. 616.) 

Soberanes Ridge (Monterey County, Cal., A. F. Rodgers, r875).·-0n the western 
end of a sloping ridge one-half of a mile southeast of Soberanes Point, about r ooo feet 
above sea le-.rel and r mile west of the top of the ridge. Three hundred meters west of 
station is a small knoll about 40 feet high. (Note 8, p. 616.) 

Portuguese Ridge (Monterey County, Cal., A. F. Rodgers, 1875).-0n a small spur 
on the western end of a ridge, 1 ~ miles north-northeast of Kaslers Point, one-third 
of a mile from shore and about 960 feet above sea level. (Note 8, p. 616.) 

Palo Colorado Ridge (Monterey County, Cal., A. F.Rodgers, 1875).-0n the highest 
point of the first ridge east of Xasler's house, about 600 meters from it, 1 300 meters 
southeast of Kaslers Point, and one-half of a mile north of the mouth of Palo Colorado 
Canyon. (Note 8, p. 616.) 

Division Knoll (Monterey County, Cal., A. F. Rodgers, 1875).-About roo meters 
southwest of and 20 feet below the summit of a steep knoll, about 5 miles north of 
Point Sur and 2~ miles south of Kaslers Point; 250 meters from the shore and 400 
meters from the end of a rocky point making out at this place. Castle Rock is nearly 
west of the station. (Note 8, p. 616.) 
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Algers Ridge (Monterey County, Cal., A. F. Rodgers, 1875).-The station was 
marked according to note 8, page 616. 

Las Piedras Ridge (Monterey County, Cal., A. F. Rodgers, 1875).-0n the summit 
of a hill l ?( miles east by south of.Castle Rock and l mile southeast of A. Alger's house. 
(Note 8, p. 616.) 

Widow Heaths Hill(Monterey County, Cal., A. F. Rodgers, 1875).-0n the summit 
of the northwest end of first ridge north of Little Sur River. One-half mile from the 
shore and r 7f miles due north of the mouth of Little Sur River. (Note 8, p. 616.) 

Point Sur 2 (Monterey County, Cal., A. F. Rodgers, 1890).-Very near Point Sur & 

(p. 733). Probably marked according to note 8, page. 616. 
Santa Ana Latitude Stat£on (San Benito County, Cal., G. Davidson, 1885).-A 

concrete pier, 37 feet 6 inches from Santa Ana & (p. 626), in azimuth 129° 07' or" 

COMPUTATION, ADJUSTMENT, AND ACCURACY' OF THE ELEVATIONS OF THE TRIAN

GUI.A TION OF CALIFORNIA. 

In connection with the adjustment of the transcontinental triangulation, and in 
order to connect one of the most important longitude stations in that arc, Mount Ham
ilton (Lick Observatory), four of the stations* of this primary triangulation became 
fixed in elevation, viz, Sierra Morena, Loma Prieta, Santa Ana, and Mount TQro. 

For the foundation of the hypsometric measures along this triangulation there are, 
111 addition to these four stations, the lines of spirit levels which connect five stations 
with tidewater of the Pacific Ocean in Santa Barbara Channel. The profile of the Los 
Angeles Base, t which was an incident to its measurement, added another fixed eleva
tion to the hypsometry of this triangulation. 

In January and February, 1874, Assistant S. Forney ran two lines of spirit levels 
_om Santa Cruz West & to the sea, differing 0.326 foot (or 0.102 meter), with a result 

for the elevation of the ground at the station of 715.87 feet (218.rg meters). 
In November and December, 1873, Assistant.O. H. Tittn,1ann ran two lines from New 

San Miguel & to the sea, differing 0.158 foot ( 0.048 meter), with a result for the 
ground at the station of 809. 12 feet ('.J46.62 meters). 

In May and June, 1875, Assistant Tittmann ran a sing!~ line of spirit levels from 
Gaviota & to the sea, which gave a result for the elevation of the ground at the sta
tion equal to 2 457.076 feet (748.91 meters). 

The zenith distances over the three lines connecting these stations gave an oppor
tunity to examine the effect on the coefficient of refraction where the lines of sight are 
over the deep water of Santa Barbara Channel. Only one zenith distance was observed 
over two of the lines, but a value for the coefficient of refraction, m, was computed 

*The adjustment and the resulting heights for these stations will be found in Special Publication 
No. 4, pp. 29g-304. 

t A description of the leveling to obtain this profile and the height of Los Angeles Northwest Base 
from the sea will be found on p. 497. 



COAST AND GEODETIC SURVEY REPORT, 1904. 

which would reconcile the measured zenith distance with the difference of level as 
obtained by the spirit levels, with the following results: 

Santa Cruz West to Gaviota.................. . .................... nt=o. 100 

Santa Cruz \Vest to New San Miguel ............................... m=o. 108 
New San Miguel to Santa Cruz \Vest ............................... m=o. 078 
New San Miguel to Gaviota ..................................... m=o. o8o 

lYiean . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111 =o. 092 

Such large values would cast doubt upon the spirit leveling if it were not possible 
to check them by similar lines over this same arm of the Pacific Ocean. 

Eleven lines were selected where the line of sight for at least two-thirds of its 
length would lie over the water and connecting stations at which reciprocal zenith 
distances were observed. The coefficient of refraction, m, and its weight, p, for each 
line were computed by the usual formul~-

_ p sin 1" 0 _ n, n, s• 
m - o. 5 - ( t; + t; - I 80 ) and P- - --- -

2 S I 
2 

1/
1
+JZ

2 
JQ'° 

where t;, and t;, are the observed reciprocal zenith distances at the ends of a line of 
length s, and radius of curvature p, and n, and n, represent tbe number of days obser
vation at the two ends of the line. The following results were deduced: 

.-----------------------~- ----·----

! 111 l p Stations 

Santa Cruz East to J,aguna 
Santa Cruz East to Santa Clara 
Santa Cruz East to Chaffee 
Santa Cruz East to Santa Barbara 
Santa Cruz \Vest to Santa Barbara 
Santa Cruz West to New San Miguel 
San Pedro to Niguel 
Niguel to Soledad 
Laguna to San Pedro 
Santa Barbara to Chaffee 
Santa Barbara to Laguna 

\Veighted mean 

1--~.125 ·1·--:;-
i 0. 120 o. 72 

o. 126 I 0.44 
o.099 I o. 6o 
o. 122 ' o. 26 
o. 093 I o. 55 
0.092 1.41 
o. 097 3. 59 
o. 103 I I. 23 
o. 123 0.35 

~0~1 0.67 

o. 105 

--------·------
By the use of the same formula the value of the coefficient of refraction, m, was 

computed from twenty-three lines to the northward of Santa Barbara Channel, each of 
these lines being over land. The weighted mean value of m which resulted was 0.080, 

the minimum value was 0.066, and the maximum 0.090. It is therefore certain that 
the value 0.092, computed from the fixed elevations at the stations Gaviota, New San 
Miguel, and Santa Cruz West, points which lie at the junction of the sections which 
give the high value o. 105 and the low value 0.080, corroborates the elevations from 
spirit levels, which may now be adopted as absolute. All the observations here treated 
were made in daytime. It is also evident that lines over water have a tendency to 
have large coefficients of refraction. 
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ADJUSTMENT OF THR ELEVATIONS. 

The zenith distances directly observed at each station were first computed and were 
corrected for height of object observed and of instrument, so as to refer them all to the 
station marks. 

The difference of elevation of each pair of stations in the main scheme where zenith 
distances had been observed was then computed from the observations over the line 
joining them by the formula-

[ 
Ii +Ii s" J h -h =stan 1~ (t; -C) 1+ •---..!+--. 

2 1 /Z 2 -i 2 P 12 P 

in which h. and h, are the elevations of the stations, t:. and t;, are the measured zenith 
distances, s is the horizontal distance between the stations, and p is the radius of 
curvature. 

As there were always two or more lines to each new station, many rigid conditions 
existed between the observed differences of elevd.tion, even if the connections with the 
precise leveling were ignored, and the least square adjustment furnishes the readiest 
accurate means of deriving the required elevations. 

The elevations from the stations Santa Ana and Mount Toro, to and including 
Soledad and Cuyamaca near the Mexican boundary, were adjusted in three sets 
of equations. 

The first adjustment involved all stations in the main primary scheme from the 
first two stations, Santa Ana and Mount Toro, to and including the three fixed eleva
tions at Gaviota, New San Miguel, and Santa Cruz 'Vest. 

'fhe second adjustment involved all the stations of the main primary scheme from 
San Pedro to Soledad and Cuyamaca. 

The third adjustment involved the stations of the main primary scheme from 
Gaviota and Santa Cruz West to Wilson Peak and San Pedro. 

In the following tabulation the observed differences of elevation treated in the first 
adjustment are shown, together with their adjusted values. The weight, p, assigned 
to each observed difference of elevation is inversely proportional to the square of the 
length, s, of the line between stations in meters and was conveniently computed by the 
formula log P= 10-2 logs. The observed difference of elevation is given the sign of 
the elevation of the second station named, minus the elevation of the first. The quan
tity contained in the last column. but one is the correction to be applied to an observed 
difference of elevation to obtain the adjusted difference of elevation. 
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--------.,---------------.-----·······-··------------.-----

! Observed : Adjusted 
Station 1 

Mount Toro 
Mount Toro 
Santa Ana 
Santa Ana 
Hepsedam 
Castle Mount 
Rocky Butte 
C ti M t as e oun 
Rocky Butte 
Rocky Butte 
San Luis 
Rocky Butte 
San Luis 
San Jose 
San Luis 
Lospe 
San Luis 
Lospe 
Tepusquet 
Lospe 
Lospe 
Lospe 
Lospe 
Gaviota 
Arguello 
Arguello 
Santa Cruz West 
New San Miguel 

Station" 2 

Hepsedam 
Santa Lucia 
Santa Lucia 
Hepsedam 
Santa Lucia 
Santa Lucia 
Santa Lucia 
H d epse am 
Hepsedam 
Castle Mount 
Rocky Butte 
San Jose 
Castle Mount 
Castle Mount 
San Jose 
San Luis 
Tepusquet 
San Jose 
San Jose 
Rocky Butte 
Tepusquet 
Gaviota 
Arguello 
Tepusquet 
Tepusquet 
Gaviota 
Arguello 
Arguello 

Weightp 

I. 82 
4.82 
I. 36 
I. 78 
3. 12 
I. 00 
2.57 
2.75 
I. 77 
I. 94 
2. 57 
I. 50 
I. 73 
2.07 

13.82 
5.46 
3.53 
3.20 
4.82 
I. II 

6.79 
*o. 91 
* 2. 49 

4.87 
*I. 20 
* 2. 52 
*0.45 
*o. 77 

; 

l
differcnce ofldifference of 

elevation elevation 
. lz2-lz1 /z2-hx 

/nfl 

----!---- ------

' ' 

m. 
282.47 
700.26 
688.oS 
264.31 
42r. 67 
46o.28 
739.71 

4I. 33 
320.44 
281. 6g 
174.33 
107.23 
46o.52 
175.o3 
28o.02 
370.21 
120. 18 
650.88 
158. 18 
547.gS 
489.47 
249.01 
159.82 
241. 84 
330.31 

87.72 
445.52 
4o6. 12 

1n. 
283.24 
702.94 
682.74 
263.04 
419.71 
458.97 
740.40 
39. 2 6 

320.69 
281. 43 
174.52 
105. 72 
455. 95 
175. 71 
28o.24 
369.81 
120.78 
650.05 
159.47 
544.33 
490. 59 
249.50 
16o. 16 
241. 09 
330.43 
89.34 

441. 38 
412.95 

m. 
+0.77 
+2.68 
-5.34 
-I. 27 

! --I. 96 
·-J. 3I 
·\-0.69 
-2 .. 07 
-f-o. 25 
-o. 26 
+0.19 
-3.5I 
-4.57 
-f-o.68 
-f-0.22 
-0.40 
-f-o.6o 
-0.83 
+1. 29 
-3. 65 
+1. 12 
+0.49 
+0.34 
-0.75 
+0.12 
-j-I. 62 
-4. 14 
-f-6.83 

I 

I 
i 

1. 08 
34.62 
38.78 

2.87 
II. 99 
I. 72 ! 

I. 22 
8 II. 7 

O. II 
o. I3 
o.og 

18.48 
36. 13 
o.g6 
o.66 
0.87 
I. 27 
2.20 
8.02 

14. 79 
8. 52 
o. 22 
0.29 
2. 74 
0.02 
6.61 
7.71 

35.92 

In the first adjustment, of which the direct results are indicated above, the eleva
tions of the stations Mount Toro and Santa Ana were fixed, by a previous adjustment 
in connection with the adjustment of. the transcontinental triangulation, at the values 
l 08 r. 2 and I 101.4 meters, respectively. Three other elevations were fixed by spirit 
leveling, viz, Gaviota, 748.91 meters; New San Miguel, 246.62 meters, and Santa Cruz 
West, 218.19 meters. 

The elevations of the nine remaining stations connected by the observations are the 
unknowns to be determined by least squares from the twenty-eight observed differ
ences of elevation indicated above. 

In the case of those lines whose weights are indicated by an asterisk it is necessary 
to explain that the lack of any observations at the station Arguello compelled the 
"introduction of these lines to this point over which zenith distances were observed in 
one directon only. The value 0.092 for m, the coefficient of refraction, was used for the 
lines over water and the value 0.080 for the lines over land. The weight, p, for these 
lines was multiplied by 0.3 as the nearest approximation possible, when comparing 
zenith distances in one direction with zenith distances in both directions over a line. 

The probable error of an observation of weight unity derived from the adjustment 
is ±2.45 meters. In other words, the reciprocal observations over a line 96 kilometers 
(60 miles) long, this being the length of the line corresponding to unit weight, deter-

*These are lines over which there are observations in one direction only and are used with 
reduced weight; see text. 



APPENDIX NO. 9. TRIANGULATION IN CALIFORNIA. 741 

mined the difference of elevation of two points with such a.degree of accuracy that it is 
an even chance whether the error is greater or less than 2.45 meters. The probable 
errors for lines of other lengths were assumed to be proportional to their lengths. 

The probable errors of the elevations of the three stations fixed by, spirit leveling 
may be assumed as about ±0.05 meter, one elevation depending upon a single line of 
levels only. The probable error approaches this value for stations adjacent to those 
fixed by leveling and is greatest for the most remote stations. Station San Jose was 
assumed to be the one least accurately determined, and its probable error was therefore 
computed as a limiting value and was found to be ±0.91 meter from the vertical angle 
measures alone, and, when combined with the probable error of the elevations fixed by 
the spirit leveling, it was not changed. 

In other words, for the least accurately determined station in the main scheme 
between the transcontinental triangulation and the Santa Barbara Channel, there is an 
even chance that the elevation is correct within 0.91 meter, or 2.99 feet, ~nd for most 
of the stations in the main scheme the accuracy is greater than this. 

The. results of the second adjustment, in which the .stations concerned are those 
from San Pedro and the Los Angeles base to Soledad and Cuyamaca, follow. 

--

I I Observed Adjusted 
Adl.-I difference of difference of Station x Station 2 Weight p elevation elevation 0 s. pita 

' h2-ll1 11~-111 
v 

! 
; ------

111. . m. 111 • 

Los Angeles NW. B. Wilson Peak 8. 69 I 697. 90 I 699.63 +1. 73 26.01 
Los An8ieles SE. B. Wilson Peak 4 16 l 7o6. 12 I 705. 93 -o. 19 o. 17 
San Pe ro Wilson Peak 2.90 l 290.32 l 287.84 -2.48 17. 83 
San Juan Wilson Peak 4.82 I 199.52 I 196. 88 -2.64 33.59 
Santiago \Vilson Peak I. 78 2.65 3.93 +r. 28 2.92 
Niguel Wilson Peak 1.40 l 452.39 l 452.8o +0.41 o. 24 
Los Angeles NW. B. San Juan II. 48 502.87 502.75 -o. 12 o. 12 
Los Anfieles SE. B. San Juan 18.62 509. 8o 509.05 -0.75 IO. 43 
San Pe ro San Juan 

I 
2. 94 87.98 90.¢ +2.98 26. II 

San Juan Santiago II. 56 l 192.45 l 192. 95 +0.50 2.89 
San Juan San Jacinto I. 03 2 762.93 2 759.44 -3.49 12.54 
Wilson Peak San Jacinto I 0.54 I 567. 7i I 562.56 -5. 23 14.77 

I Santiago San Jacinto I. 56 I 561. 5 I 566. 48 +4·90 
j 

37.46 
Cuyamaca San Jacinto I. 07 l 319.43 I 318.28 -1.15 I. 41 

I San Pedro Santiago 1. Sr l 283, ¢ I 283.91 -0.05 o.oo 

I 
Niguel Santiago 12. I l I 447.97 I 448. 87 +0.90 

I 
9. 81 

Santiago Cuyamaca o.68 242.52 248. 20 +5.68 2I. 94 
I Soledad Santiago I. 00 I 492.57 I 489.74 -2.83 8.01 

Niguel San Pedro 2.64 164.So 164. 95 +o. 15 0.05 
Ni~el Cuyamaca 0.67 I 704.64 I 697. o8 .-7.56 38. 29 
So edacl Niguel I. 32 38.71 40.87 +2. 16 6. 16 
Ni~el Jan Juan 5.o5 256.69 

I. 
255.91 -0.78 3.o8 

I 
So edad Cuyamaca 2.64 I 737.96 I 737.95 -0.01 0.00 

In this second ~djustment the elevations of three stations were ta)cen as fixed, 
namely: San Pedro, Los Angeles Northwest Base, and Los Angeles Southeast Base. 
The elevations of San Pedro and Los Angeles Northwest Base, had been determined by 
spirit leveling as 450.80 and 39.00 meters, respectively, and that of Los Angeles South
east Base was computed at the time of the measurement of the base to be 32.70 meters. 
The elevations of the seven remaining stations connected by the observations are the 
seven unknowns determined by least squares from the twenty-three observed differences 
of elevation given in the above table. 
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The probable error of an observation of weight unity derived from the adjustment 
is ±2. 79 meters. Unit weight corresponds to reciprocal observations over a line 96 
kilometers (or 60 miles) long. 

The probable error of the elevations of the stations fixed by spirit leveling may be 
assumed to be not greater than ±0.05 meter. The probable errors of elevation vary 
from this to ±1.63 meters at station Cuyamaca, as explained in connection with the 
first adjustment. 

The results of the third adjustment, in which the stations concerned are those 
between Gaviota and Santa Cruz West and the Los Angeles base net, follow: 

Station I 

Santa Barbara 
Santa Barbara 
Santa Cruz East 
Santa Rarbara 
Santa Barbara 
Santa Cruz East 
Santa Cruz East 
Santa Cruz East 
Chaffee 
Chaffee 
Laguna 
Laguna 
Laguna 
Santa Clara 
Castro 
Castro 
San Pedro 
San Fernando 
San Pedro 
Santa Clara 

/ --- J Observed I Adjusted I 
, W · ht p jdifference ofldifference of\ Adj.-Obs. 
i eig elevation devntion I v Station 2 pv• 
I I h2-"1 k2--ll1 ! 

-----i------ -----1----1----

1 

I Ill. 111. I 
Gaviota 
Santa Cruz \Vest 
Santa Barbara 
Laguna 
Chaffee 
Chaffee 
Laguna 
Santa Clara 
Santa Clara 
Laguna 
Santa Clara 
San Pedro 
Castro 
Castro 
San Fernando 
Wilson Peak 
Castro 
Wilson Peak 
San Fernando 
San Fernando 

. *I. 44 612. 90 6o8. 87 
i 5.88 80. 99 78. 15 

I 

5. 89 45. 62 45. 15 
2.14 295.05 297.55 
7.23 194-71 196.71 
8.28 242.58 241.85 
4. 62 339· 97 . 342. 69 
3. oS 591. 48 I 590· 29 

13. 71 346. 74 . ' 348. 44 
9.48 102.43 100.84 

17.10 247.82 247.6o 
1.62 13.05 13.20 

*4·48 419.87 421.27 
7.98 172.78 173.67 
9.77 277.87 277.98 
2. 13 876.68 879.77 
3. 18 409. 85 408. 07 

*1.15 599.94 6o1.79 
2.09 689.83 686.05 
6. 15 450.20 451.65 

Ill. 

-4.03 
-2.84 
-0.47 
-t-2.50 
-L2. 00 
-o. 73 
+2. 72 
-I. 19 
+r. 70 
-1.89 
-o. 22 
+o. 15 
-1-I. 40 
+0.89 
+0.11 
-t-3.09 
-1.78 
+1. 85 
-3. 78 
+r. 45 ________________ , __________ __;_ ____ ,__ ___ -'-----

23.39 
47.43 

I, 30 
13.38 
28.92 
4.41 

34. 18 
4.36 

39.62 
23.¢ 
0.82 
0.04 
8. 78 
6.32 
o. 12 

i 20. 34 
10.07 
3.94 

29.86 
12. 93 

In this third adjustment the elevations of four stations were taken as fixed, namely: 
Wilson Peak, fixed by the previous adjustment, its elevation being r 738.63 meters; and 
the stations, Gaviota, Santa Cruz West, and San Pedro fixed by spirit leveling, their 
elevations being 748.91, 218.19, and 450.80 meters, respectively. The elevations of the 
seven remaining stations connected by the observations are the seven unknowns deter
mined by least squares from the twenty observed differences of elevation given in the 
above table. 

In the case of those lines whose weights are indicated by an asterisk the same 
explanation is necessary as that made for the first adjustment. 

The probable error of an observation of weight unity derived from the adjustment 
is ±3·32 meten_;. Unit weight corresponds to reciprocal observatio!lS over a line 96 
kilometers ( 60 miles) long. 

The probable error of the elevations of the stations fixed by spirit leveling may be 
assumed not to exceed ±0.05 meter. The probable errors of elevations vary from this 
to r .oo meter at station Santa Clara, as explained in connection with the first adjustment. 

*These are lines over which there are obser;ations in one direction only and are used with reduced 
weight; see text. 
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TABLI<: OP ELEVATIONS. 

The datum for all the elevations is mean sea level. 
The stations are in three classes: first, those fixed directly by the spirit leveling, 

and of which the elevations are subject to a probable error of ± 0.05 meter; second, 
the primary stations fixed by recipro~al measures of vertical angles and which are sub
ject to probable errors varying from ±o. 3 to ±I. 6 meters; and third, the tertiary 
stations, of which the elevations are fixed by measurements of vertical angles which 
are not reciprocal, the tertiary stations not being occupied, and whose elevations are 
subject to probable errors which may be as great as ± ro meters in some cases. 

The accuracy with which each elevation in the main scheme is determined depends 
mainly upon the remoteness of that station from the nearest one of which the elevation 
is fixed by spirit leveling, as indicated in class I of the following table. Station 
Cuyamaca is. probably least accurately determined of all the stations to the southward 
of the transcontinental triangulation whose elevations have been adjusted, its probable 
error being ±r.63 meter. 

For a table to be used for converting feet to meters, or vice versa, see page 538. 

Ross Momitain 
Mount Diablo 
Yolo Southeast Rase 
Yolo Northwest Base 
Gaviota 
New San Miguel 
Santa Cruz \Vest 
San Pedro· 

Station 

Class I 

Los Angeles Northwest Base 
Los Angeles Southeast Base 
Santa Cruz Azimuth Station 

Round Top 
Mount Conness 
Mount Lola 
Moc ho 
Mount Helena 
Mount Tamalpais 
Vaca 
Monticello 
Snow Mountain \Vest 
Mount Sanhedrin 
Cold Spring 
Great Caspar 
Two Rock 
Paxton 
Ga vi Ian 
Marysville Butte 

Class 2 

Table ef elevations. 

] Point to which elevation l I 
[ _____ r_e_re_r_• ____ l~l-evnti:_ 

! meters I 
Copper bolt 

Ground 
Station mark 
Copper bolt 
Copper bolt 

Station mark 

Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 

672.23 
I 173. IO I 

21. 66 
46.66 

748.91 
246.62 
218. 19 
450.So 
39.00 
32. 70 

109. 48 

3 165.6 

I 
*3 835.8 

2 786.8 
I 248. I 

I 
I 322. 08 

7'1-). 74 
729.75 
932.39 

2 145.66 
I 884.62 

833.97 
320.86 
837. 59 

l 037. 15 
858. 2 
644.5 

*This elevation is not reliable on account of the weakness of connecting observations with the 
main series of heights. United States Geological Survey gives 12 556 feet and United States Engi
neers 12 552 feet. See Special Publication No. 4, p. 341. 
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Table o.f elevations-Continued. 

Station Point to which elevation Elevation refers 

- -

Class 2-Continued meters 
Pine Hill Ground 627.6 
Sierra Morena Ground 735.9 
Loma Prieta Ground I 157. 5 
Santa Ana Ground I IOI. 4 
Mount Toro Ground I o8J. 2 
Hepsedam I 364.4 
Santa Lucia I 784. I 

Rocky Butte I 043.7 
Castle Mount I 325.2 
San Luis 869.2 
San Jose J 149. 5 
Lospe 499.4 
Tepusquet 990.0 
Arguello 659.6 
Santa Barbara . 140.0 
Santa Cruz East 94.9 
Chaffee 336.8 
Laguna Ground 437.6 
Santa Clara Ground 685. 2 
Castro Ground 858.9 
San Fernando Ground I 136.8 
Wilson Peak Top of pier I 738.6 
San Juan Top of pier 5.fl. 7 
Santiago Ground I 734·7 
Niguel 285.8 
Soledad 245.0 
Cuyamaca I 982.9 
San Jacinto 3 301. 2 
Cahto I 290. 2 
King Peak I 246.5 
Mount Lassie I 79r. 6 
Chemise Mountain. 791. 8 i 
Pajaro Mouth 5.8 

Class3 

Fisher Ground 682.6 
Saddle Peak 554.5 
Los Cerritos ro8. 4 
Las Bolsas I 27.7 
San Miguel 778.5 
Tecate i Ground I 18o. I 

Point Loma Light-house (old) I Railing 133.6 
Otay Mountain Top J 084.6 
La~na Mountain Top I 914 
CaJon Mountain Top I 418 
Lions Head Top 1 141 
San Onofre Mountain Top 523.7 
San Gabriel Peak Top 1 878 
San Bernardino East Peak Top of cairn 3 313 
San Bernardino Meridian 3 246 
Old Baldy Peak Top of cairn 3 o65 
Old Grizzly Mountain 3 503 
Old Town Ground 93· I 
San Diego Latitude Station 1851 Ground 61.6 
Indian Point ' Ground 10.9 
Table Mountain, south end Mex. ! Ground 684 
Dome Mountain ' l Top I 236. 7 
San Rafael Mountain or McKinley, U.S. G. S. Top I 894 9 
Silver Peak i I o66.8 

I 
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Table C!f elevations-Continued. 

1------------ :a~~t~ 
----------- -- ---------------·-· -

1------------
1 Class 3-Continued 

Cone Peak 
Rock Slide 
Pico Blanco 
Santa Lucia \Vest 
Pine Mountain 
Zaca Peak 
Santa Iner. Peak 
Hollister. Peak 
Fremont Peak* 
Cuyama Peak 
San Luis Obispo 2 

Santa Cruz Peak 
Chalone Peak 
Estrella Mountain 
Chiches Mountain 
Centre Peak 
~lount Lowe 
Toro :Mount 
Old Baldy Southwest Peak 
Stone (Sketch 18) * 
Peak 26 
Sharp Peak or Strawberry Peak* 
Smith Mountain, high peak 
Ontario Peak 
Mount Islip 
Mount Disappointment 
Santiago Northwest Peak 
\Vaterman Mountain 
Telegraph Peak 
White Cone or North Baldy 
Black Knob or Iron :\Iountain 
San Antonio Mountain, north peak 
Saddle Mountain 1 

Point to which elevation 
refers 

I 
Top of highest tree 
Top of highest tree 

I
,. Top 

Top 
Top 

·1 1'op Top 
Top 

I 
Top 
Top 

/ Top 

I 
Top 

' 

Top 
Top 
Top 

Ground 
Top 
Top 
Top 
Top 
Top 
Top 
Top 
Top 
Top 
Top 
Top 
Top 
Top 

Elevation 

meters 
l 571. 2 

l 139· 6 
l 121. 7 
l 828.8 

121. 5 
338.3 

I 310 
429.6 
966. 0 

I 563. 4 
470.5 

I 892. 0 

I 009.6 
951. 8 
103· 9 
382.0 

l 705.3 
2 652. I 
3 041 .6 

324.4 
l 693 

819 
857 

2 638 
2 553 
l 830 
1 663 
2 340 
,/. 702 
2 838 
2 377 
2 i27 

852 
------- ------------------ ----------

Index to positions, descriptions, and elevations. 

----·--·--------- ~------- ·-----------------··-··-

P?si-1 5~Ji>- i lil.e\'n· I Station !'osi-1 s~:.fl~-1 El.cvn-Stnlion 
tton tion . tton 

1 
t1011 tiou t1011 

---------------- --1--J-- -- ; ____________ I_. -- . --
576 J 1 I Alta (Sketch 10) Abalone 

Abalone Hill 

Abalone Knoll 

Abalone Point 

Alcatraz 

Alcler Top 

Algers Ridge 

Aligned 

Aliso Peak 

Aliso Point 

Allen 

10277-04--50 

560 661 I Alta (Sketch II) 

558 659 I Alta (Sketch 14) 

561 

573 

599 
6o9 

573 

559 
56o 

597 

662 I Alta (Sketch 15) 

676 Ii Ah·ord 

723 ! Anacapa 

737 Anaheim 

Anderson 

659 Anderson Point 

661 Anita 

720 Arch Rock 

*No check on this elevation. 

574 677 
578 I 684 

584 I 697 
586 700 

589 I 705 

542 I 639 

563 ' 
I 

665 

598: 722 
599 I 724 

574 I 678 
562 663 
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.Index to positions, descriptions, and elevations-Continued. 

Station Posi- .:Jp_ I El,eva-

------------1-tl-on_ tion _::::__ 

Argens 

Arguello 

Arguello Latitude Station 

Arroyo Grande 

Avila 

Awash Rock 

Azimuth 

Azimuth Mark 

Back Bay 

Baker 

Bald (Sketch IO) 

Bald (Sketch r6) 
Bald Hill 

Bald Top 

Baldy Peak, Old 

Baldy Southwest Peak, Old 

Ball 

Ballast Point 

Ballast Point 2 

Ballast Point Fog Bell 

Ballast Point Light-house 

Bank (Sketch 6) 

Bank (Sketch 10) 
Bar Buoy Station 

Bare Hill 

Bare Ridge 

Bare Top Hill 

Barone 

Barracks • 

Barranca 

Barranca Bluff 

Barton 

Bay Point 

Beach (Sketch 5) 

Beach (Sketch 16) 

Beach (Sketch 18) 

Beacon 2 (1887) 

Beacon 2 ( I 899) 

Beacon 3 ( 1887) 

5591' 
540 
s76 
S9I 
59r 
6ro 

582 

S84 

661 

630 
68r 

7ro 

7ro 

6931 
697 

54S 646 
S97 72r 
S74 677 
589 7o6 

s86 702 
s¢ 724 

' 6r2 
i 613 

s46 
S48 

S47 

I ss2 

72r 

744 

744 
74S 

Station Posi
tion 

De
scrip
tion 

------------ ------

Beacon 3Y, 

Beacon 4 ( 1887) 
Beacon 4 ( 1899) 

Beacon s ( r887) 
Beacon S ( 1899) 
Beacon sY. 
Beacon 6 ( I 887) 
Beacon 6 (1899) 

Beacon 6Y, 
Beacon 7 ( r 887) 

Beacon 7 ( r899) 
Beacon 8 

Bear Ridge 

Bear Valley 

I 

Bee Rock 

Begg Rock 

Bench (Sketch S) 

Bench (Sketch 8) 

Bench Mark (Sketch r4) 
Bench Mark (Sketch rs) 
Bens 

Bens 2 

Biery's ( S. E.) office, Del Mar 

Bight 

Bight Beacon 

Big Mountain 

, Big Tank Windmill 

I
' Big Tree 

: Bird Rock (Sketch 12) 

I
'/ Bird Rock (Sketch 17) 
I Bitter Lake 

•1 Bitter Point 

i 
Bixby's barn 

Bixbys Mount 

I 
Black 

Black Beacon 

I
I Black Cone 

j Blackfish Point 

ii Blackfish Point 2 

552 
550 
5S2 
550 
5S2 
ss2 
S50 
5S2 
S52 

S5° 
5S2 
5SO 
S43 642 
s89 7o6 

587 
582 

S45 i 
568. 

584 
: 588 

57° 
572 
556 

S52 

S5° 

I 610 
551 

6os 

S79 
S93 
563 
562 

6II 

610 

574 
56s 

6o2 I' 

547 

6s1 

732 
688 

66S 
664 

i Beacon 3 ( 1899) 

S44 
s58 

57S 
ss0 

591 

S94 
598 

s76 

SSI 

S4S 
SSS 
586 

544 

545 
590 

595 
SSI 
ss2 
550 
SS2 

I 
Eleva-1 

ti on 

I 
iJ Black Flag (Sketch 5) 

--------·----'----'------'--_:1 ·-·---·------· --·-

544 i 
5471 

----------'----'----
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Index to positions, descriptions, and elevations-Continued. 

------··-·---------------:---:---.--~ 

:Posi-1 ~.{p- El.eva- / Station ~~~-1 sct~1rl0enp-. 1\1;~:a-Station tion tion tion 

-·------1---------··-----.----------- 'I 
Black Flag (Sketch 7) 559 661 ·, Boulder (Sketch u) 

Black Hill (Sketch 14) 584 697 I Boulder Peak 

Black Hill (Sketch 15) 586 701 J Boundary Monument 245 

Black Hill (Sketch 18) 595 717 I Boundary Monument 246 

Black Knob (Sketch 7) 562 664 [ Boundary Monument 258 

Black Knob (Sketch 21) 614 745 i Boyle 

Black Mountain (Sketch 15) 585 699 Ji Boyle Heights, Los Angeles, 
' Davis' tank house Black Mountain (Sketch 19) 6o1 727 I 
' Boyle Heights, Los Angeles, 

Black Mountain (Sketch 21) 614 I electric light mast 

Black Point (Sketch 10) 575 679 Brockway (San Miguel Id.) 

Black Point (Sketch IJ) 577 683 Brockway (Santa Rosa Id.) 
Black Point (Sketch 12) 

Black Point (Sketch 14) 

Black Point (Sketch 15) 

Black Ridge (Sketch l 2) 

Black Ridge (Sketch 20) 

Black Rock 

Black Shore Pillar 

Blank (Sketch 16) 

Blank (Sketch 18) 

Bluff (Sketch 5) 

I 
Bluff (Sketch 9) 
Bluff (Sketch IO) 

Bluff (Sketch 11) 

Bluff (Sketch 12) 

Bluff (Sketch 13) 

Bluff (Sketch 14) 

Bluff (Sketch 16) 

Blunt 

I Boathouse (Sketch s) 

Boathouse (Sketch 7) 
' Boat Rock 

Bolsas Bluff 

Bolsas Creek 

Bonifacio Hill 

Bonn 

Boronda 

Borrego 

579 
584 

587 
581 

6o9 

5¢' 
I 

602 I 
589' 
596 I .1 
551 : 
572 I 
575 

577 

579 
582 

584 

589 

587 

551 

I 563 

593 

563 

567 
6o6 

582 

599 
586 

Bot~ford's house, La Jolla 
Park J 546 

Boulder (Sketch 5) 545 

689 

698 
703 
692 

736 

719 

665 

668 

733 

694 
724 

702 

i 
I 

647 ! 
I 

Brockway 2 

Brown Hill 

Bruce 

Brush (Sketch 7) 

Brush (Sketch 10) 

, Brush (Sketch l 2) 

Brush Hill 

Brushy Knob 

Brushy Ridge 

Buchon 

Buck (Sketch 8) 

Buck (Sketch IO) 

Buckeye 

Buckhorn 

Buena vista 

Burke 

Burned 

[ Bur'lett Peak 

I Burnt Sand 

!I Burton 
1· Burton's house 

I
! Burton's wharf 

I Buryar 
I Bush 

i Caballo 

J Cabin Pine 

I Cactus (Sketch 8) 

JI Cactus (Sketch 11) 

Cactus (Sketch 15) 

---·-·--'-----'----~' --~-------. ---·-· ---

577 
610 

614 

614 

542 

570 

684 

587 703 

589 7o8 

573 675 

558 659 

574 677 

58o 590 

547 649 

6o4 731 

6o9 736 

597 720 

564 666 

573 676 

6o3 728 

597 720 

569 671 

574 677 

5~ 707 
6o5 

591 

573 

573 

573 
5¢ 

545 

592 

6o5 

565 

578 

710 

718 

648 

712 
732 • 

:1 
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Index to positions, descriptions, and elevations-Continued. 

I -- Ir . . . De- I: 1 
• De-

Station P?SI- I scrip- ·1 El.em- I Station I P?Sl- scrip- El.eva-
~1~;~' ~ ~ ~ 

" I --:-1-----------------,--------
.I ff 

Cactus 2 588 Cemetery Blu 547 649 

Cactus Knoll 563 665 Center (Sketch 5) 545 648 

Cactus Peak 579 689 Center (Sketch 14) 583 695 

Cactus Point 561 663 Centre Peak 6!l 745 

Cahto 543 641 743 Centincla 564 666 

Cajon Mountain 612 744 Cerro de las Posas 613 

Cambria Rock 595 Chaffee 541 632 743 

Camp (Sketch 7) 562 664 Chalk Peak 601 

Camp (Sketch 9) 572 675 Chalk Rock 562 664 

Camp (Sketch 10) 574 677 Chalone Peak 6!l 745 

Camp (Sketch 16) 590 7<'8 Channel Point 546 I 648 

Camp (Sketch 18) 597 Chaparral (Sketch 16) 589 : 707 

Camp Hill 592 711 Chaparral (Sketch 18) 595 ' 717 

Cape 587 703 Chaparral Hill 596 I 718 

Cape San Martin Cone 6o4 Chemise ::\-lountain 543 I 642 744 

Capistrano Middle Base 56u 661 Cherry 5&> I 690 

Capistrano North Base 56o I 661 Chiches lVlountain 6!I 745 

Capistrano South Base 560 - 661 Chimney 551 651 

Capitan 574 676 China Gulch 600' 725 

Carlos 581 692 Chula 544 I 644 

Carlsbad, J. Mull's house 557 Chute Derrick 6u5 ! 
Carlsbad, J. Shutte's house 557 Cienega Sand 591 710 

Carlsbad, tank house 

~~I 
Cinnabar 6u1 727 

Carmel Mission j! Clam Point 562 664 

Carmel River 6o7 735 11 
Clarence Hotel, San Pedro 565 

Cass 594 716 ~1 Clay (Sketch 9) 572 675 

Castle Mount 540 628 : 743 I Clay (Sketch II) 577 682 

Castle Mount Lat. Sta. 6o5 7321: Cliff (Sketch 12) 579 687 

Castle Rock (Sketch 15) 588 Cliff (Sketch 13) 582 693 

Castle Rock (Sketch 20) 6!0 i: Cliff Hotel, Ocean Beach 546 

Castle Top Hill 598 721 [! Cloud Peak 613 

Castro (Sketch 3) 541 633 ,1 Cluster 570 ' 671 

Castro (Sketch 18) 595 718 Coast Range Double Peak 613 

Castro (Sketch 19) 6oo 725 743 Cobble Back Mountain 613 

Castro's house 596 Cochc Point 584 696 

Catalina Peak 542 640 Cold Spring 539 624 743 

Cave 584 696 Compton Schoolhouse 567 

Cave Point 583 695 Cone 58o 690 

Cayucos 596 i 719 Cone Peak 598 72r 745 

Cayucos Pres. Church 596 I 719 Cone Pinc 6o4 731 
... ·----- -----------·-·- --
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Index· to positions, descriptions, and elevations-Continued. 

Station : t" scn1>- 1. ; StPtion tion scrip- t.cv -I l'osi- D~- ·1 Ele\'U- Posi- De- El a 

. -------· 1 :: _"~" __:_ • -;:,.=------- ----- __ 5_7_1 ___ ti_o_n ___ •_o_"_ 

Cone Top Hill 

Congdon 's house 

Conejo 
1 Conoyer 571 

Cooper 6o9 

Coopers Pinnacle 1 6o1 

Coopers Point 6o1 

Coopers Southeast Corner 598 

Corn Patch 561 
Coronado Beach, artesian 

well lower 

Coronado Beach, hotel elec
tric light mast 

Coronado Beach, middle 
electric light mast 

Coronado Beach, mill slack 

Coronado Beach, north elec
tric light mast 

i Coronado Hotel, highest 
tower 

Coronado Hotel, northeast 
corner 

Corral (Sketch 8) 
Corral (Sketch 12) 
Corral (Sketch 13) 

Corral (Sketch 15) 
Corral (Sketch 16) 
Corral (Sketch 18) 

Corral (Sketch 19) 

Corvron 

County Boundary 

Couts' (R. L.) house, Ocean-
side 

Cove (Sketch 8) 

Cove (Sketch 17) 

Cowango 

i Cowles Mountain 

Coxo 

Coyote (Sketch 8) 

Coyote (Sketch IO) 

549 

549 
548 

549 

549 

564 

581 

583 

586 i 
I 

::11 
586' 

559 

556 

568 

592 

542 
613 

575 
568 

575 

Cuate Bluff 

Cuale Hill 

Cucamonga Peak 

Cuchillo 

Cupola 

Curlew 

Curve 

Cushings :\fount 

Cushings Point 

Cuyamaca 

Cuyama Peak 

Dakin 

Dana 

Davis' tank house, l,os An
geles (Boyle Heights) 

Deadmans Island 

, De Camp 

Deer 

Deer Pine 

Del Mar 

Del Mar Pavilion 

Del Mar Schoolhouse 

Del Mar, S. E. Biery's office 

Devils Peak 

Diamond Beacon 

Digges Pine 

' Divide 

Division Knoll 

Dixon 

Dolan 

Dolans Cone Rock 

Dome Hill 

Dome Mountain 

Dominguez Hill 

679 Dominguez Hill Mer. Inst. 
670 Sta. 

679 
Dominguez Hill Zen. Tel.Sta. 

Crane 571 673 Don 
Double tree north 

[__~reek ----------- _s~~j -~-~:- ---·'- ------------·---

555 656 

555 656 

613 

555 

551 

576 

566 
6o6 

610 

541 
611 

58o 

559 

568 

568 

573 
610 

651 

680 

667 

666 

695 

744 

745 
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Index to positions, descnptions, and elevations-Continued. 

Station I P!>si-1 5~J;,. I El.eva-:: Station Posi-1 D!=- Eleva· I 
t1on tiou I tton .. 

lion sc_rip- lion hon 

1-1--1~ -------1 
Double tree south 61 l i !; Farrell 585 699 

i 

Downey City Church 567 
I 

Feldspar 575 679 

Drum 564 666 ! Ferry Tower 552 651 

Dry Hill 6o6 733 Field 594 715 

Duck 575 678 Finale 568 669 
Dune (Sketch 7) 562 664 Fire 554 654 

Dune (Sketch 16) 590 708 I First Bend 5621 664 

Dune (Sketch 17) 591 712 
I 

Fish 579 689: 

Dwelling house 576 Fisher 540 I 625 744 

East Bluff 56o 661 Fisherman (Sketch 13) ::! I 695 

East Knoll 56o 661 Fisherman (Sketck 18) 720 

East Mound 583 695 Fisherman Ppint 547 649 

East Mountain 58o 691 Fitchs Hill 547 I 
East Peak 58o 691 Flagstaff 583 695 

. East Point (Sketch 14) 584 697 Flat Point 610 

East Point (Sketch 15) 586 702 Flat Top 559 66o 

East Slope 568 669 Fletcher 581 681 I 
East Twin Windmill 549 Flint (Sketch 6) 555 653 

Edge (Sketch 12) 581 692 Flint (Sketch 10) 575 68o 

Edge (Sketch 17) 592 713 Florence Hotel, San Diego 548 

Egan 559 66o Flores Hill 555 655 

Egg Rock 6o2 Fogg 573 675 

Electric 553 651 Fork (Sketch 11) 578 685 

Encinitas 554 653 Fork (Sketch 18) 594 715 

Encinitas Cottage 557 Forster 559 66o 

Encinitas Hotel 557 Fox 586 702 

Encinitas Schoolhouse 557 Frank 6o8 735 

Entrance 547 650 Freeman 58o 691 

Escondido 554 654 Fremont Peak 6II 745 

Espada 575 68o French Hill· 558 658 

Espada Ranch House 576 681 Front 572 674 

Estrada 594 714 Gamboa 6oo 725 

Estrella Mountain 6u 745 Gamboa Point 6o5 731 

Evan's house 6o5 Gate Pine 599 723 

Extra 561 662 Gavilan 543 643 743 

Fairview 596 718 Gaviota 540 630 743 

False Point 545 646 Gaviota Latitude Station 576 681 

False Sur 6o6 733 Gedney 571 673 

Fancher 6o1 726 Gence 597 

Far Knob 568 Gillespie 594 715 
--------
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Index to positions, descriptions, and elevations-Continued. 

Station I. ' . I De-
Posi- cr!De- Eleva-,, Pos1- I . Eleva-
tion \ior tiott !' Station tion s;i~r tion 

---------- __________ ! ______ ···--------·- ---1----
6o4 , 730 Ir Gutres' barn 611 J Gillis 

' Gillis' house 

Glorieta Bight 

Goat (Sketch 10) 

Goat (Sketch 12) 

: Goff Island 

J Goff Ridge 

Goldbaum's barn, San Luis 
Rey 

Gon7.ales 

Gc;>rdon 

Granite 

Grape 

Grass Edge 

Gravel 

Gray 

Great Caspar 

Great White Rock 

, Green (Sketch II) 
Green (Sketch 12) 

Green Mountain 

Green Peak 

Green Ridge (Sketch 7) 

Green Ridge (Sketch 17) 

Greggs Hill 

Gregg's house 

' Grizzly Mountain, Old 

Grouse (Sketch 14) 

Grouse I (Sketch 15) 

Grouse 2 

I 
Guadalupe 

Guds 

I 
Gulch (Sketch II) 
Gulch (Sketch 15) 

j Gulch (Sketch 16) 

Gull (Sketch ro) 

Gull (Sketch II) 
Gull (Sketch 14) 

Gull Island 
I 

I Gus 

6o4 I' Gutres Knoll 6o6 
546 648 I Hall 594 

574 676 i Hammer 589 

579 687 I Harbor (Sketch 3) 542 
56o 662 Harbor (Sli:etch 14) 584 

56o 6621 •

1

· Harbor (Sketch 15) 588 
Harbor 2 587 

558 Harlan Rock 6o5 I 
6o3 [ 729 I Hartley's house 572 , 

594 714 Harvard Observatory Sta-
579 687 tion, Wilson Peak 6141' 
581 692 Hassler 572 

567

1 

668 Hay's (]. C. ) house, Ocean-

588 704 
side 

Hazard 
578 685 

74~ 'I Hazard's(G.) house, San 
539 J 624 -' 

1 
Diego 

6o2 728 I Hearst 
577 683 Helam 

581 692 Hepsedam 

587 7°3 Hepsedam Lat. Sta. 

591 709 High Knob Mountain 

559 66o High Mount 

592 713 High Mountain 

551 I 
595 i 

I 
547 '. 

594 I 
6oo i 

540 I 
I 

6o5 I 

614 i 
584 I 
58o '. 

674 

I 

717 l 
i 

115 I 
72s I 
627 ) 

732 ' 
I 

6o6 73t. \ High Table S64 666 

6o8 J Hildebrandt's house 
612 744 . Hill (Sketch 5) 

583 696 .

1

I Hill (Sketch 9) 

586 7°2 Hollister Peak 
586 700 

592 712 

578 6S6 

578 685 

Hollow 

Homo nluff 

Homo Hill 

Horn Peak 

Hotel 

Hotel Bight Hydrographic 
Signal 

House (Sketch 5) i 
i 

585 

590 

574 i 
577 I 
584 . 

587 ! 
I 

569: 

1 House near En c i 11 it as f 

: (Sketch 6) , 
· Huckleberry Hill 

6o5 

545 
570 

597 

590 

555 

555 655 
576 

55° 

553 

557 
6o7 735 ! 

i 

744 

745 
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.Index to positions, descriptions, and elevations-Continued. 

I 'I Posi- ~fj,. I El,eva- : I l'?Si-
De- Eleva-

Station ti on 
Station scritr tion tion ban I hon tion 

----1- ,------

Hueneme 572 I ii La Jolla Park ~ 545 647 

Hump 593 I La Jolla Park, Botsford's I 

Ice Plant 563 665 II house 546 

Indian 591 709 
! La Mesa (Sketch 3) 543 642 

Indian Point 544 645 7 
ii La Mesa (Sketch 7) 558 658 

44 I 

Indian Point 2 546 649 
jl La Mesa (F) 585 699 

Indian Point Beacon 550 
[i La Mesa (G) 586 701 

Indian Point Beacon S. 550 
Landing (Sketch 8) 566 668 I 

Inland Peake 611 
Landing (Sketch 16) 589 767 

Inner Two Rock 563 
Landing Hill 563 665 

International Hotel, Na-
Lane 593 714 

tional City 549 La Playa Light-house 553 

Iron "Mountain 614 745 ! La Playa wharf 552 

Irving 594 714 i La Punta, house 549 

Island Point 545 647 ! Larsen 597 721 
I 

Jellison 6o1 726 I,as Bolsas 541 636 744 

Jetty (Sketch 5) 551 651 I Las Bolsas Chica 563 665 

)etty (Sketch 8) 566 667 Las Petes 571 I 

John 583 695 Las Piedras Ridge 6o9 I 737 

Jones Top 6oo 724 Last (Sketch 8) 569 I 670 

Kaslers Point 6o6 733 Last (Sketch 18) 595 717 

Kelly 554 654 Ledge (Sketch 6) 554 653 

Kelp (Sketch II) 578 685 . !.,edge (Sketch 9) 571 

Kelp (Sketch 13) 58~ 694 I Ledge (Sketch 10) 574 I 676 

Kimball's (W.) house, Na- I Ledge (Sketch I l) 
I 

683 577 i 
tional City 549 Leffingwell 597 ! 720 

Kincaid 554 653 Leitner 594 I 716 
King Peak 543 641 744 

I 
II Leucadia 554 654 

Kinton 584 698 II Leucadia Club House 557 
Knob (Sketch 8) 569 670 I Leucadia Windmill 557 
Knob (Sketch 10) 574 677 I! Linn 564 I 666 

l Knob (Sketch 11) 578 686 [Lime 575 I 678 
Knob (Sketch 12) 581 691 [I, Lime Point 586 l 701 
Knoll 545 646 I/ J,imekiln Rock 602 728 
La Costa 575 679 \1 Limekiln Smokestack 6o2 728 
J,a Cruz 6o1 727 \ Limekiln 'Varehouse 6o2 728 
La Cruz Rock 6o4 731 I • C 6o5 

541 I 1 J..,1011 one 
Laguna 632 744 \ Lion Peak 599 I 723 

J Laguna, Dyer cottage 563 i Ii I,ions Head 612 i 744 
\ Laguna Hill 561 I 662 

1/ Little Hill 566 I 668 
I Laguna Mountain 612 I 744 11 . 

I I, 
__ .!_____._ ··--··--· ·-- --· -I - ---- --------- -- -· ---- -· . 
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Index to positions, descriptions, and elevations-Continued. 

Station 

Little Lopez Rock· 

Little Pyramid Rock 

Little Rfrer Hill 

Loma Alta 

Loma E. Tangent 

Loma Prieta 

J,oma S. E. Tangent 

Lompoc 

Lompoc Warehouse 

Lompoc Wharf 

Lone Oak 

Lone Pine (Sketch 18) 
Lone Pine (Sketch 19) 
Lone Rock 

Lone Tree (Sketch IO) 

Lone Tree (Sketch 12) 
Lone Tree (Sketch 18) 
Long Point (Sketch 8) 

Long Point (Sketch 12) 
Long Range Mountain 

I,opez 

. , De- ' 
I I II Pf>Sl- : scrip- El.evn-

tton I lion ' tton I 
' 11 --·-l-1 i i : 

6o2 727 : 

6o5 

599 
6o7 

551 
540 
551 
589 

590 
590 
6o5 

59B 
6o5 
6o8 

576 
580 

597 
569 
581 
613 

599 
6o4 

6o4 

721 

732 

735 

723 
731 

73 1 

744 

Station 

Los Angeles Norm:il School i[ 

Los Angeles Northwest Base 

J.,os Angeles Northwest Base 
Lat. Sta. 

Los Angeles Signal Service 

l,os Angeles Southeast Base 

Los Angeles Presbyterian 
Church 

Los Cerritos 

Los pc 

Lospe Latitude Station 

Low 

Luces Point 

Lyons Peak 

Mack 

McKinley, V. S. G. S. 

Made Point 

Mad River 

Malaga 

Mallagh 

Malva 

Malva 2 

Mansfield 

Mansfield Cone 

Lopez J.,one Tree 

Lopez Pine 

Lopez Point 

Lopez Rock 
599 724 Mansfield Pinc 

6o2 727 Mansfield's house 
J,os Alamitos 566 668 . I Manuel 
Los Angeles Baptist Church I 567 Margarita Peak 
Los Angeles( Boyle Heights),[ Marsh 

Davis' tank house 
1 

567 

I 

Marsh Point Los Angeles( Boyle Heights), 
electric light mast 567 Martin (Sketch 7) 

Los .\ngeles Catholic Cathe-i •' Martin (Sketch 9) 
dral 567 Martin (Sketch r l) 

l,os Angeles, electric light I Marysville Butte 
rnast (Hill Street) 568 

Medio Los Angeles High School 567 
Meierhoff 

l,os Angeles Latitude Station 'I 568 669 
Meigs Field Los Angeles Longitude Sta-

tion 1889 ' 568

1 

669 Meigs Windmill 

J.,os Angeles Longitude Sta- I Mendelson 
tion 1892 568 669 Meridian Mark 

Posi
tion 

568 

567 
541 

567 
541 
540 
598 

574 
607 
614 

595 
6II 

546 

543 
564 
591 

577 

577 
6oo 

6o3 

6o5 
6o3 

598 
614 

589 
547 

559 
570 

577 
540 

555 
591 

573 
573 
559 
546 

De
scrip
ti on 

668 

753 

Elevn
tion 

635 743 

669 
669 

635 743 

669 i 
635 ' 744 

629 744 
721 
678 

734 

666 

710 
681 

683 
726 
728 

731 
728 
722 

744 

743 

J.,o:er~~t~~~s Magnetic Ob-1 567 I 668 i I Merrill 

·---------.. --..... ____ " ' - . -------''---------------------
*Not described. Mad River~ described on page 642 is a different point. 
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Index to positions, descriptions, and elevations-Continued. 

Posi- De- Eleva-Station ti on scrip- tion ti on 

-------

Mer Slope 583 694 

Mesa (Sketch 9) 5;0 I 
Mesa (Sketch 10) 575 :1 Mesa (Sketch II) 578 

Mesa (Sketch 14) 584 6~ 

Mesa Point I 555 656 

Mexican Boundary to I 
Point La. Jolla. 

I 
543 644 

Middle (Sketch 5) 
I 544 64s 

Middle (Skdch 16) I 590 7o8 

Middle Beacon I 55° 

Middle Coronado Id. Mex.I S50 

Middle HydrographicSignal 55° 650 
I 

Middle Loma S43 644 

Middle Peak 612 

Middle Point S70 

Middle Ridge 583 69s 

Middle San Martin Rock 6o2 728 

Mission 570 672 

Mission.Knoll 5S6 

Mill 571 

Mocho S39 621 743 

Monterey Ba.yto Point Sur 6o6 732 

Monterey Bay 2 6o7 734 

Monterey Hill 6o7 734 
Monterey Mission 6o8 

Monticello 539 622 743 

Monument 573 675 

More 571 673 

Morgan Hill 614 

Moro Rock S94 716 

Mortar 6o3 729 
I 

647 Moss S45 ! 

Moss Beach 6o1 I 734 
Mound (Sketch 6) SSS 6ss 

Mound (Sketch 9) 57° 672 

Mound (Sketch 10) 575 678 

Mound (Sketch II) s78 686 

Mound (Sketch 19) 6o4 730 

Mount Como Nevada 539 619 

Mount Conness 5391 620 743 
I . -- ---

-------- I --1 

I 
De- El I ~talion Posi- scri~ .eva- i 

~ tion tion tiou ---------- ------i--__ I 
nt Diablo ·1· 539 I 620 743 \ 

---
Mou 

Mou nt Disappointment 613 1 745 ' 

\Mou nt Grant Nevada 

I Mou nt Helena 

! Mou nt Hoar 

Mou nt Islip 

Mou nt Lassie 

Mo unt Lola 

Mou nt Lowe 

unt Pleasant 

unt Sanhedrin 
J Mo 

Mo 

~ 

I 
I 

Mo uut Tamalpais 

Mot mt Toro 

Mo unt Toro Lat. Sta. 

Mu d 

Mu gu 

1 Mul 

'Mul l's (J.) house, Carlsbad 

rphy Mu 

Mu 

Mu 

ssel Cove 

ssel Point 

J Mu star<l (Sketch 7) 

tard (Sketch 8) 

stard Point 

I Mus 

I Mu 

Nat ional City 

S39 619 

539 621 7431 
571 

613 745 i 

543 642 7441 
539 620 743 
613 745 I 
584 696 

539 623 743 

539 621 743 

~40 626 744 I 
6u 626 I 
544 645 

571 

554 654 

557 

597 720 

56o 661 

6o7 734 
561 663 

568 .070 

567 668 

553 651 

546 649 
I Nai 

It Nat ioual City Beacon 1 

ional City, Cong!. Church~ 
550 

IJ Nat 
Nat 

549 
· 1 · E . 1 I 10na City, ptscopa · 

c hurch 549 

Nat ional City, International 

I' H I Nig 

11 Nat 

I[ Nat 
i L 

otel ! 549 

ional City, Methodist ! 
hurch ] 549 

ional City Rwy. Tank 549 

ional City, San Di"tgo 
and & Town Co. 's office 5so 

11 

Nat 

Nat 

ional City Schoolhouse 549 

ional City, Two Tower 

I Nat I 
h 

i 

House 550 

ional City, W. Kimball's 
ouse, flagstaff 549 

I 
-------. --- . ~ - ·---· - -· -- -- -------
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Index to positions, descriptions, and elevations-Continued. 

Station . De- \El I 
Station Posi .. 

ti on 
De-

. --------------

Pos1· scrip- eva-

1 

ti on tlon tion __ , __ -----'-----------
scrip.. Eleva
tion •t1on 

New False Bay 

New River 

New San Miguel 

New San Miguel Lat. Sta. 

New South 

New Windmill 

Newport 

Newport Bay to Pt. Dume 

Newport Bay to San Ma-
teo Point 

Nicolas 

Niderer's house 

Niguel 

Nipomo 

No Brace 

No Name 

Norriss 

North Baldy 

North Coronado Id. Mex. 

North Head (Sketch II) 

North Head (Sketch 13) 

Xorth Mission 

North Peak 

North Sierra 

North Spur 

Northeast Point 

Oak (Sketch 10) 

Oak (Sketch 12) 

Oak Knoll 

Oak Top Hill 

Oak 'free 

Oats (Sketch 10) 

Oats (Sketch 18) 

Observatory 

Ocean Beach, Cliff Hotel 

Ocean Beach Windmill 

544 646 ' I Oceanside Schoolhouse 

566 668 ! Oceanside, S. Pacific Hotel 

540 631 743 / Oceanside Windmill 

588 704 I Old 
544 645 . Old Adobe 

553 
659 
666 

558 657 

573 
572 

541 

59 1 

559 
6oI 

.593 
614 

550 

578 
582 

556 
612 

561 
581 

581 I 
576 
58o 

595 I 
597 ' 
6o5 I 
576 I 
595 

544 

546 

546 

636 

710 

66o 

7271 
711 . 

I 
6871 

6941 

! 

662 I 
691 
692 
681 

69o 
718 
721 

68o 

[ Old Baldy Peak 

Old Baldy Southwest Peak 

Old Grizzly Mountain 

Old Hydrographic Signal 

Old Town 

Oliviers Mount 

744 i 
Olmstead (Sketch 9) 

Olmstead (Sketch 19) 
Onofre 

745 

Onofre Bluff 

Onofre Hill 

Ontario Peak 

Ord (Sketch 9) 

Ord ~Sketch 12) 
Oregon 

Ortega 

Oso Flaco 

Otay Mountain 

Outer 

Outer San Martin Rock 

Outer Two Rocks 

Outpost 

Pablo 

Pah Rah 

Pajaro Mouth 

Nevada 

.

1 

Palo Colorado Ridge 

, ·Palo Corona 

Paxton 

Oceanside 555 655 

Peak (Sketch 9) 

Peak (Sketch JI) 

Peak (Sketch 17) 

Peak D 
Oceanside, bank building 1 558 Peak 26 
Oceanside House 556 Pebble 
Oceanside, J.C. Hay's house 557 Pecho (Sketch 15) 

557 ' 
557 

557 

565 

544 
612 

613 
612 

564 

543 
6o6 

571 
6o1 

574 
555 

555 

613 

571 

58o 

570 

574 

592 
612 

590 
6o2 

6o2 

565 

58o 

539 

543 
6og 

610 

539 
572 
577 
592 
613 

644 

733 

! 
7o8 / 
728 

744 

745 

744 i 

744 

743 

614 745 

554 653 

585 700 
Ocennside,R. L. Couts' house 556 

-- _:_ - __________ i_ --------------- - ----'-------'-~ 
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Index to positions, descriptions, and elevations-Continued. 

I I I 
I I Station P?si- I .~fj,_ El.eva-1 Station 
I Posi· D~- Eleva-I· I tion sc_r1p-tton tion hon hon ti on 

-----\--!--; 1--::-1--:--!· Pecha (Sketch r8) 595 I 718 Plaskett Point 

Pecha Rock 593 I Plaskett Rock 603 728 

Pedrenales 589 I 705 Platts Harbor 584 697 

Pelican 570 671 Plala 548 

Pelican Hill 561 663 Point (Sketch 8) 564 666 
I 

Pelican Point (Sketch 7) 562 663 

I 
Point (Sketch ro) 575 68o 

Pelican Point (Sketch 20) 6o8 735 Point (Sketch 15) 587 7°3 

Peninsula Point .544 645 ) Point (Sketch r7) 592 713 

Pentagon 545 647 I Point (Sketch 18) 5¢ 719 

Perry 597 . 720 Point Arguello 588 704 

Pescadero Dairy 6o8 Point Arguello to Pt. Bal 588 704 

Pescadero Point 6o7 734 Point Arguello to Banta. 

Peter 6o1 726 
Barbara. 573 675 

Pfeiffers Little Pinnacle 6o2 728 
Point Conception 576 681 

Pfeiffers Point 598 722 
Point Conception Ast. Sta. 5761 68r 

Pfeiffers Rock 6o2 728 
Point Conception East Base 575 : 679 

Phillips' house 6o5 
Point Conception L. II. 543 

Phone 551 651 
Point Conception \Vest Base 

I 
575 6791 

Pico 596 718 
Point Cypress 6o7 735 
Point Cypress Rock 

I 
6ro I I 

Pico 2 594 715 I 

643 l 
Pico Blanco 598 722 745 

Point Dume 543 

Pico Rock 5¢ 
Pt. Dume to Newport Bay 564 666 

Pico's house 597 
Point Dume to Santa. Bar-

bara 570 671 
Piedra Blanca 595 713 Point Fermin 565 606 

I Piedra de Lobos 610 Point Fermin Light-house 556 
i Picdras Blancas East Rock 597 Point Hueneme Light-house 570 
[ Piedras Blancas Light-house ! 593 Pt. La Jolla to Mex. Bdy. 543 644 

1 

Piedras Blancas to Pt. Bur I 598 721 Pt. LaJollato B. Mateo Pt. 553 I 652 
PiedrasBlancasto Saddle I Point Lobos 6o8 

Peak , 593 713 735 

Pierce & Morse Building, 
Point Loma 547 

San Diego 548 Pt. Loma Light-house (new) 551 

Pine 553 652 

I 
Pt. Loma Light-house (old) 541 I 744 i 

I Pine 2 597 721 Point Meganos 546 I 648 

Pine Anderson 6o5 731 
I 

Point Pinos Lat. Sta. 543 643 

Pine Hill 540 625 7-14 Point Pinos Light-house 6o6 

Pine Mountain 597 745 I 
Point Sal to Pt. Arguello 588 704 

Pine Top 6oo 725 
I 

Point Sa.I to Saddle Peak 591 709 

Pine Top Hill 598 721 Point Sur 6o6 733 

Plain 2 573 I Point Sur 2 610 737 

Plaskett Hill 6oo 726 
1 

· Point Sur Light-house 6o8 

--- ····----
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Index to positions, descriptions, and elevations-Continued. 

Station 

Point Sur, light-keeper's 
house 

Point Sur North Base 

Point Sur South Base 

Point Bur to Monterey 
Bay 

I Point Bur to Piedras 
I Blli.ncas 
1 

Point Vincent N. \V. 

Pola Mountain 

Pole 

Pond (Sketch 7) 

Pond (Sketch 16) 

Pond Point 

Port 

Portuguese Bend 

Portuguese Point 

Portuguese Ridge 

Posa 

: Post (Sketch 6) 

Post (Sketch 8) 

Post Summit 

Post's house 

Pot 

Powell 

Price 

Prickly Point 

Primaries 

Pringle's (W. H.) house, 
San Diego 

Prize Pine 

Prominent 

Promontory (Sketch 7) 

Promontory (Sketch 16) 

Prospect (Sketch JO) 
Prospect (Sketch 12) 

Punta Diablo 

Punta Gorda (Sketch 9), 

Punta Gorda (Sketch 14) 

Purissima Point 

Pyramid Point 

De- I • · 
Posi- scriir. El,e\'a- I Statiou tion I tion tion 1. 

608}--l--ll Quatantin.e 

:9 
7 6 

;I Quartz (Sketch 6) 
9 3 i Quartz (Sketch 12) 

6o9 736 I 

6o6 

598 
568 

614 

551 651 

~~I ~~ 
562 . 

582 I 
569: 

~I 
584 

554 
566 

6o1 727 

6o4 731 

s81 691 

s89 7o6 

Quemada 

i

1

1. Rabbit (Sketch 6) 

, Rabbit (Sketch 9) 

i: Ragged Mountain 

l

·,1 Ragged Peak 
Ragged Point 

I 

Rags 

Railroad 

R. R. Flagstaff 

Ram (Sketch 10) 

, Ram (Sketch 11) 

Ranch House, Espada 

Rancheria (Sketch 6) 

Rancheria (Sketch 16) 

Ranchi ta 

Range 

Rattlesnake Island 2 

Recreation Hill 

Recreation Point 

Red Beacon 

Red Bluff 

Red Cliff 

Red Peak (Sketch I 2) 
S91 
s62 

S39 

709 
664 
618 743 Red Peak (Sketch 14) 

S79 688 

s84 697 

S7I 
s84 697 

590 709 

6o7 73S 

Red Rock 

Red roof house 

Reef 

I 
Reef 1 

Reef Hill 

! Reef Point 

Refugio 

Rest 

I Richardsons Rock 

I 
Rico 

, ·Ridge (Sketch 6) 

'. I 

P . De- I' os1- · Eleva-
tion sui;;l~ tion 

-~·----

SSI . 
SSS I 

651 

6ss 

s8o 

574 I

. 690 

677 

SSS 65s 

S71 

s83 69s 
614 

600 72S 

s61 662 

S53 6s2 

s65 667 

S74 677 
S77 682 

576 681 

554 653 

589 707 
s69 670 1 

S76 681 

s66 667 

s61 

s61 

s6s 

SS3 
SS4 6s2 

S79 i 687 
S83 ' 696 

s96 719 

S52 6s1 

s64 666 

592 713 

SS9 659 
561 663 

S74 676 

578 685 

s88 

6oo 72s 
-556 656 

564 666 !I Ridge (Sketch 8) 

---------·-----------'---~----------------~-
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Index to positions, descriptions, and elevations-Continued. 

Station Posi- . D!'- Eleva- :11 Station I Posi- '1 D!'- I meva-
tiou s~i~!; tion : tion s;{~fi- : tio11 

----1--------1--1--I __ 
[· :1 Saddle Mt. (Sketch 3) / 542 [ 640 l 

570 

575 

577 

579 

571. 

596 

672 i Saddle Mt. l (Sketch21) \ 614 · \ 745 

678 I Saddle Mt. 2 (Sketch 21) 1· 614 

682 ! Saddle Peak 542 641 744 

687 ! 

I 
6<)3 I 

697 

'
1
! Saddle Peak to Piedras 

Blancas 
I Saddle Peak to Point Bal 

I[ Sage (Sketch ro) 

I
: Sage (Sketch 16) 

·st. John's house 

Salmon Pine 

Salmon Top 

Salt Pond 

593 

591 

576 

589 

6o8 i 

6o51· 
599 
568 

592 

614 
612 

612 I 

542 ! 

573 

571 

573 
6o4 

577 

577 

577 

578 

544 

713 I 

709 / 
68o 

705 I 
732 / 
723 I 
669 I 

745 

I 744 

644 I 744 
639 

730 

681 

681 

650 
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Index to positions, descriptions, and elevations-Continued. 

Station 
II w;~~ -~J~- Efrov:-11 ____ - ·-::tion 

hon 
____________ ! ___ ------il-------------1 

San Diego Land and Town 
Co. 's office, National City 

San Diego Latitude Sta. 1851 

San Diego Latitude Sta. 1892 
1 

San Diego Long. Sta. 1871 'I 

San Diego Long. Sta. l8g2 

San Diego, mill stack 

San Diego, Pierce & Morse I 
Building. 

San Diego, RussSchoolhoi se 

San Diego, Sherman School 

Sai1 Diego,southeast electric 
light mast 

San Diego,S\V.cor. block u9 
San Diego \Vest Base 

San Diego, W. H. Pringle's 
house 

San Dieguito 

San Elijo 

San Fernando 

· San Fernando (old) 

I San Gabriel Peak 

San Gabriel River 2 

San Jacinto 

San Joaquin 

San Jose 
San Jose Creek, house 

San Juan 

San Juan Capistrano Mission 

San Juan Capistrano School-
house 

San Juan Rock 

San Luis (Sketch 2) 

San Luis (Sketch 6) 

San Luis Hill 

San Luis Obispo 2 

San Luis Obispo East Base 

San Luis Obispo Lat. Station 

San Luis Obispo West Base 

San Luis Point Island 

San Luis Rey, Goldbaum's 
barn 

550 

544 644 

544 644 

544 645 

544 644 

548 

548 

550 

548 

548 

553 653 

554 653 

541 633 

542 640 
612 

566 667 

541 637 

558 I 658 
540 629 
6o8 

564 

564 

540 

555 
591 
6II 

591 

593 

591 

593 

558 

710 

711 

710 

744 

744 

744 

744 

744 

744 

744 

745 

San Luis Rey Hotel 

San Luis Rey Mission 

San Marcos 

San Martin Point 

I San Martin Rock 
, San Martin Top 

! San Mateo Point 

I 
Ban Mateo Point to New

port Bay . 

II 

Ban Mateo Point to Point i 
La Jolla I 

! San Mateo Rock 

ti San Miguel (Sketch 4) 
I I San Miguel (Sketch 15) 

San Miguel 2 

Ban Miguel Island 
San Miguel Island·N. Base 

San Miguel Island S. Base 

San Nicolas 

Ban Nicolas Island 
San Nicolas Island Astro-

nomic Station 2 

San Nicolas Island N. Base 

San Nicolas Island S. Base 

San Onofre Mountain 

San Pedro 

San Pedro Catholic Church 

San Pedro, Clarence Hotel 

San Pedro Episcopal Church 

San Pedro Latitude Station 

San Pedro Methodist Church 

San Pedro Northwest Base 

San Pedro Pavilion 

San Pedro Pres. Church 

San Pedro Schoolhouse 

San Pedro Southeast Base 

San Rafael Mountain 

San Simeon 

San 'Simeon Lat. Sta. 1852 

San Simeon Lat. Sta. 1874 

San Simeon North Base 

Posi- De- Elev<>-
tion su~r tion 

556 

556 

556 

6o3 

6o2 

599 

559 

558 

582 

582 

582 
612 

541 

565 

565 

565 

565 667 

565 ! 

542 638 

565 

566 

565 I 

542 I 639 

611 I' 

594 715 

598 721 

595 716 

594 715 

744 

744 

743 

744 
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Index to positions, descriptions, and elevations-Continued. 

-----------------,.---------------· -------,.--~-----~ 
I i ; 

p · De- >.'I Posi- : 0 !'- >.'leva-Station osi· scrin- .a.:. eva~ Station · scnn ~ 

···-----------·----- __ uo_n __ t_io_;; __ t_io_n_ -·------·-------ti:"_I tio:;- __::__ 

i San Simeon South Base 

Sand (Sketch 9) 

Sand (Sketch 15) 

Sand Beach 

San<l Cone 

Sall(! Dunc 

Sand Hill (Sketch 5) 

Sand Hill (Sketch 9) 

Sand Hill (Sketch 16) 

Sand Hill 2 

Sand Hill.3 

Sane! Knoll 

Sand Point (Sketch 7) 

Sand Point (Sketch 15) 

Sand Ridge 

Sand Spit 

Sandstone Cliff 

Sandstone Point 

Sandstone Rock 

594 
572 

587 
566 

563 

595 

545 
572 

589 
607 

564 I 
563 I 
562 ! 

586 l 
545 I 

I 

564 '. 
610 I 

545 

553 

666 

700 I 

6471 

I 
647 I 

Santa Ana (Sketch 2) 

Santa Ana (Sketch 7) 

Santa Ana Latitude Station 

540 626 

558 658 
6II 

Santa Barbara ' 541 

Santa. Barbe.re. Island 583 

Santa Barbara Island ' 542 

Santa Barbara Island N. Base 583 

Santa Barbara Island S. Base 583 

Santa Barbara I,at. Sta. 1852 572 

Santa Barbara I.at. Sta. 1869 573 

Santa Barbara L. H. 542 

Santa Barbara Mission 570 

Santa. Barbe.re. to Point 
Arguello 573 

Santa. Barbare. to Point : 
Dume \ 570 

Santa. ca.ta.line. Island ·r 579 
Santa Catalina Id. Lat. Sta. , 579 

Santa Catalina Island N'.Base J 579 

Santa Catalina Island S. Dase 579 

Santa Clara 541 

Santa Clara (old) 542 

671 

687 

688 

689 

689 

633 

640 I 
I 

·----- ·-·-·----

[ Santa Cruz Azimuth Station 543 643 743 

Santa Cruz East 

Santa. Cruz Island 

Santa Cruz Island East Base 

/ Santa Cruz Island \Vest Base 

1 
Santa Cruz Peak 

I
. Santa Cruz \Vest 

Santa Cruz \Vest Lat. Sh. 

I Santa Inez Peak 

Santa Lucia 

Santa I,ucia Eclipse Station 

I
! Santa Lucia Lat Sta. 188o 

:\ ~anta Luc.ia ;at: S~a. 1~85 \ 

11 
Santa Lucia, l. S. N. Obs.Sta., 

/: Santa Lucia \Vest I 

1

1

1

\ Santa l\Iargarita River ! 
Santa Maria 

,\ Santa Maria Mountain 

Santa. Rosa. Island 

541 

583 

585 I 
585 i 
6II I 745 
540 I 

I 

585 : 

611 I 
~~I 743 

745 

540 627 744 

6o6 i 732 

6o6 ! 732 

6o6 732 

6o6 ; 732 

59B , 722 

556 i 657 

593 I 711 
614 . 

584 

745 

744 Santa Rosa Island East Base 

Santa Rosalsland\Vestllase 

586 

586 

541 

699 : 
101 I 
7<H ·1 

744 

744 

Santiago 

Santiago Northwest Peak 

· Scallop Point 

! Schoolhouse (Sketch 6) 
1 

Schoolhouse (Sketch 19) 

I Sch umachcr 
! 

Scorpion 
I 
: Scott (Sketch 6) 

J Scott (Sketch 18) 

I Sea Bench 

I Seal (Sketch 10) 

J Seal (Sketch 11) 

I Seal Point 

I Search 

/;Sedge 

I

. Sepulveda 
1 

Sharp Peak 
I I . 

I
; S rnrp 1'0111 t 

•Shaw 

636 744 

614 745 
563 665 

558 

605 

595 718 

569 671 

554 654 

595 717 

569 670 

575 678 

578 686 

587 703 

554 653 

577 684 

566 

614 74.5 

s91 I 
585 ' 698 i 

I ! ' 
---------· 
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Index lo positions, descriptions, and elevations-Continued. 

Station Posi- \i D~- I Eleva- I 
tion &fi~ii · tion . 

--------·------.,-------,-----
p · ! De- I 

Station j"'· I scrip- El_eva
t on tion tton l 

Sheehan 

Sheep 

Sheep Herders Hut 

Shell Hill 

~~~1- 661 

570 1 672 
563 ' 

547 649 
Shell Mound 553 

Sherman School, San Diego 544 

Shingle Bluff ! 556 657 i 
: 

732 

Shutte's (J.) house, Carlsbad 557 

Sierra Hill 6o6 

Sierra Morena 

Sierra Nevada 

Silver 

Silver Peak 

Slate 

Slate Rock 

Slaughter house 

Slide 

Slope (Sketch l l) 

Slope (Sketch 13) 

Slope (Sketch 16) 

Slope 2 

Slough 

Smith Mountain 

Smith Sand 

Snake 

Snipe 

Snow Mountain \Vest 

Soberanes' house 

Soberanes Point 

Soberanes Ridge 

Soda 

Soda Point 

Soledad (Sketch 4) 
Soledad (Sketch 15) 

Soledad Canyon R.R. Cross-

540 626 

6o4 731 

580 690 

5~ 721 

601 726 

6o2 727 

548 

579 689 

578 685 

582 

589 706 

582 693 

566 668 

613 

592 

571 

577 

539 : 623 

6o9 I 
6o6 733 

6o9 I 736 

599 723 

6o3 729 

541 636 

585 700 

ing 558 

Soledad Lat. & Az. Sta. 55.3 651 

Solitary 565 667 

South 

South Coronado Id. Mex. 

10277-04--5 I 

547 

550 

650 

-----1---,--__ 1 
I ' 

South Mission 

South Niguel 

South Pacific Hotel, Ocean
!>ide 

South Point (Sketch 15) 

I 
South Point (Sketch 17) 

South Sierra 

\ South Ventana North Peak 

',: Southeast Point ,. 
ii Southeast Rock 

74411 . Southwest Ridge 

744 

i! Spade 

Jj Spit Windmill 

·1 Spring (Sketch 8) 

. Spring (Sketch 9) 

I Spring (Sketch 13) 

' Sppr (Sket<.:h 7) 

I
! Spur (Sketch I 2) 

I Spur (Sketch 13) 

I 
Spur (Sketch 15) 

Spur (Sketch 16) 

I
, Spur (Sketch 19) 

745 
, Square Black Rock 

1'1 Standpipe 

I

; Starges' (J. A.) house 

l Station I 

II 
Station II 

743 

I
'! Station III 

j Steele 

I
' Stewarts Point 

j Stewarts Railroad Station 

II Stone (Sketch 5) 

744 
ti Stone (Sketch 18) 

J

1

. Stone's house 

I 

Stony Point 

Stow 

Ii Strawberry Peak 

'ii Substitute 
Sugar Loaf 

. Sugar Loaf Spur 

556 j I 
5591 659 

557 ' 

586 I 102 

592 I 111 

56o 662 

602 

581 

581 ' 

583 i 

555 ! 

549 I' 

569' 670 

572 1' 

582 ! 

558' 

674 i 
694 ' 

I 

58o 

582 

586 

588 

6o4 
6o1 

546 

558 

566 

566 

566 

591 

556 

557 

659 I 

668 

668 

668 

712 

657 

552 65 I 

593 713 745 

548 

579 687 

574 677 
614 745 

593 711 

585 
581 692 
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Index to positions, descriptions, and elevations---,-Contiuued. 

Station 

Summit (Sketch 13) 

Summit (Sketch 15) 

Summit 2 

Summit Peak 

Sur River 

Sweetwater 

Table Mountain Mex. 

Table Ridge 

Tahuivas 

Tajanta Schoolhouse 

Tangent 

Tank 

Tecate 

Telegraph Peak 

Tell (top) 

Tepusquet 

Tepusquet Lat. Sta. 

Terminal Id. Planing Mill 

Terminal Wharf 

Theosophical Hotel 

Thirst 

Thompson 

Thompson's house 

Thorndyke Top 

Throp's house 

Timber Point 

Timber ~idge 

Timber Top 

Timm 

Timms 

Timms Windmill 

Topographical 1 

i Toro (Sketch 14) 
1 Toro (Sk~tch 18) 

I Toro Mount 

: Towles' house 

) Town 

I Trail 

I 
Tree, tallest on sierra 

Trestle 

I l'?si- I' s~J;:__ I El.eva- ! 
1 hon t" 1"'- tion 

\ . De-
1 

.,,1 Pos1- . • ~ eva- . 
tion 5ti1;;ii / tion '. 

Station 
. I ion , . 

-----'---- ---·-- ,--1----1 ------1---, IT 
582 [ urn 

585 700 I Turning Point 

582 693 I Twin Peaks North 

583 695 Two Rock 

599 722 Two Rock Hill 

547 649 

1

1 Two Rock Point 

612 744 Undo 

551 

542 

613 

55:? 

540 

\ 598 

565 
565 
552 

577 
570 

572 
6o3 

610 I 
6o7 I 
6o7 

6oo 

565 
58o 

568 

570 

584 

595 
613 

6o8 

554 
6oo 

576 

555 

629 

721 

729 

735 

735 
725 

667 

690 

670 

6~ 

716 

653 

! 

744 
745 

744 

745 

I 
1· Unknown 

Vaca (Sketch r ) 

Vaca (Sketch 15) 
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539 624 743 
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539 621 ' 743 

586 702 

556 657 

557 
592 71 l 

595 717 
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545 
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Index to positions, descrip#ons, and elevations-Continued. 

-------- ----- -- ----- - - ·-··---· . I 
! ~talion Posi· De- Eleva-l'osi- \ _ D~· ! Eleva-

scrip-Station . scnp- · ti on ti on tlon tion ] tlon ti on 

-!-j-I 
·------------- ------------- i-----------

i 'Vays Smokestack 552 65r · ' White Rock (Sketch 20) 6o7 734 
, Well 579 688 ! White Rock r (Sketch 19) 6o3 728 
! 'Vest Beach 542 638 I White Rock 2 (Sketch r9) 6o4 i 731 

West Bluff 56o 662 j Whitleys Pea~ 58o I 69r 
I West Knoll 56o ' 66r Widow Heaths Hill 6IO I 737 

West Los Angeles, Metho- ' 
5681 

Widows Hill 559 . 66o 
dist Episcopal Church 

5421 
Widow's house, west gable 564 

West Peak 641 Wildcat 575 679 
I West Point (Sketch 12) 

5791 
689 Willow s¢ 1 

719 ~ West Point (Sketch 14) 585 698 Willow Peak 6o3 729 ! West.Point (Sketch 15) 587 703 I Willow Point 6o4 730 
West Point (Sketch rs) 588 704 Wilmington Water 'Vorks 568 

! West Point (Sketch 17) 592 712 Wilson Peak 541 634 744 
: 'Vest Point Beacon 550 Wilson Pk., Harvard Obs. Sta. 614 
I West Twin Windmill 549 Wilsons Rock 588 
I 'Vestminster 558 657 Windmill (a) 548 

Whale Rock 5¢ 719 Winston 561 663 
J \Vhaler Point 593 7u Wire 555 655 

Whalers Knoll 6o6 734 Wisconsin 571 673 
Whalers Rocks 6oS Woodson Mountain 613 I 
White (Sketch 9) s10 I 672 Woody Top Hill 597 
White (Sketch 12) 581 i 692 Yankee Knoll 6o7 735 
White (Sketch 18) 597 I 720 Yankee Point 6o6 733 
White Bluff (Sketch 6) 553 652 Yankee Point Breaker 611 
White Bluff (Sketch 12) 581 692 Yankee Point Rock 6o8 
White Cone 614 745 I Yellow Gable, U.S. E. 548 
White Hill 584 697 Yellow 'Hill 6oo 725 
White house (Sketch 9) 572 Yolo Northwest Base 539 623 743 
White house (Sketch 20) 610 Yolo Southeast Base 539 622 743 
White Rock (Sketch 6) 554 654 Yonder 569 671 
White Rock (Sketch 12) 579 688 Young 574 676 
White Rock (Sketch 17) 591 710 Zaca Peak 6II 745 
White Rock (Sketch r8) 597 
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